/ ,Vo. ^ 







^UFAmm, 


Am urns. 



LOKIiOM 

lUlMTMIt II V MPOl I IKWOOUK A«ll) CO 
hlHtri tiljlAUK 



URE’S DICTIONARY 


or 

ARTS, MANUFACTURES AND MINES 

aK\R KxraiiiuN OF milt fuinciples and niACticu 


EDITED DY KOIJEUT HUNT, F.R.S. 

KfyitHC of Hloing ll6conl» 

roiimrly PniltHtior oJ rh>iiia«, Ko^a) Ixhool of Mlncn, Atr &c. 

ASMHTIU BT MKBMIB (OMUlBdORS RHIBIM IN MOiBNOB AVl» rAMlUUR WITH MAMOrACTUHBM 




1 , lllnitrAtid with ngarly 2,000 IngriTingi o& Wood 

/ ^ ™ — 

Sixth Edition, (iiieMa) Hjemkiiten and ghkatli Enlaugiso 


JM IHivi-K VOLUME8 -VOL.il 


LONDON 

LONGMANS, GBEEN, AND CO. 
1867 


lk» nykt »f trantlatiOM u 




A 


.DICTIONARY 

07 

AETS, MANUFACrUEES, AND MINES. 


D 


DAGUEIlllEOTYPE. A photographic process diaooTcred by M. Daguerre^ a 
I'cU'hrHtod Freuch dioramic painter, and published in July, 1839; the French 
troviTnmeut haring secured a pension for Itfb of 6000 francs on M. Daguerre, and of 
40U() francs on M. Isidore Niepce, the son of M. Nicepbore Niepcc, who had for 
Muric time been associated with Daguerre in carrying forward the eipcriiuents which 
led (0 M. Daguerre's discorcry. 

It is rendered clear from some of Niepce's letters, that he had abandoned all hope 
of succeeding wit^ iodine, npctt which the sensibility of the Daguerreotype plate 
entirely depemds. In a l^ter to Daguerre, Niepce says, ** I repeat it, sir, I do not see 
thatyre can hope to derive any advantage ilrom this process — the use of iodine — more 
than from any other method which depends on the use of metallic oxides and in 
another he writes, ** A decoction of thlaspi (shepherd's purse), fumes of phosphorus, 
and particularly of suliihiir, as acting on silver in the same way as iodine, and caloric, 
produce the same ettect by oxidising the metal, for from this cause proceeded in 
all these instances their extreme sensibiitty to hrjht*' Niepce died in July, 1833. 
Daguerre proceeded with his experiments for nearly six years, before ho succeeded 
in producing the desired rebults. The Daguerreotype process depends on the pro- 
duction of a very delicate chemical com}Kmnd of iodine and silver, on the surface of 
a carefully prepared silver-plate. This compound is chemically changed by the ra- 
diatloDb proceeding from any external object illuminated by tlie sun. The image is 
developed by the action of* mercurial vapour, and lastly^ rendered permanent, os far 
us the action of light is concerned, by dissolving off the iodide of silver, by hyposul- 
phite of soda. According to the first published description by Daguerre, the process 
IS divided into five operations. The first coubibts in polishing and cleaning the silver 
surface, by friction, with cotton fleece imbued with olive oil, upon the plate previously 
dusted over with very finely-ground dry pumicestone out of u muslin bag. The hand 
of the operator should be moved round in circles of various dimensions. The plates 
should be laid upon a sheet o.^ paper solidly sufiiiortcd. The pumice must be ground 
to an impalpable powder upon a pot pliyry slab with water, and then dried. The surface 
is next to be rubbed with a dossil of cotton, slightly moistened with nitric acid, dilated 
with sixteen parts of water, by applying the tuff to the mouth of the phial of acid, 
and inverting it for a moment. Two or three such dossils should be used in suc- 
cession. The plate is lastly to be sprinkled with pumice powder or Venetian tripoU, 
and mbbed clean with cotton. 

The plate is then placed in a wire frame, with the silver surface uppermost, over a 
spirit lamp, meanwhile moving it so as to act equally on every part of the plate. In 
about five minutes a whitish coating will indicate that this operation is completed. 
The plate must now be laid upon a flat metal or marble slab to cool it quickly. The 
white surface is to be brightened by rubbing it with cotton and pumice powder. It 
must be once more rubbed with the cotton imbued with acid, and afterward dried by 
friction with cotton and pumice *, avoiding to touch the plate with the fingers, or with the 
part of the cotton held in them, or to breathe upon the plate, since spots would thereby 
\ OL. LL B 
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jvrodoMil. After cl«iniog with cotton nlooc, the pUto b renflj for the next 

ojtrnitiofi. 

'I h«* KrfOnd (Magf in that of icKhiing the pUtc; s inix b prepared, ba%tng iodine 
Rtrewifi over ft« bottom, nnd the Rilver pUte, face downwards, m pinci'd a few inchea 
aUive the umIiiic, and the lid of the fv>x being cloned, all is left at rest for a bhort 
time Till plntu iiiunt N h ft iii thm {MHiitioii till the surface of the silver acrpiires a 
fine golden hue, e by the Ta|M>uri of the ludiuo rising and condensing u|H>n it , 
Itiit It should not In' allowiil to tissiime a endec tint. The room should In* darkemd, 
and no hent should ta* employed. When the In»x is in constant use it gi ts iiiipreg- 
nutcfl with iiKliiie, and acts more iinifonnly and rapidly , hut in general states of tlie 
atmospheric temperature this operation will In* effected in about twenty minutes. Jf 
the purple eolimr tx priMluced, the plab* must tie n |iolibhed, and the whole proeess 
repenteit. 

The plate with its golden hue is to Ik* introduced with its frame to the camera 
ol^Mira. Huriiig this trunsfer the light must not be suffered to strike npoii the 
siirfiee of the plate, on a Inch account, the camera ohscura may U* lighted hriel'y 
with a siiiail wm\ tai>er. 

'I'he plati IS now submitted to the third npemtion, timt of the camera obsciini, and 
with the least possible di lav '['he action of this machine is obviously riiiick« r tin 
hngliter the light which lets upon it , and more correct, according as the tociih !•« 
pnMouslv lUTiirately adjusted to the phiec of the plate, by moving backwards and 
ioruanls u roiighem d pane of glass, till the foed [>oiiit Ik* found , and the plate is to 
In inserted preciM ly there. This apparatus ex:u tlj n plaees the ground glass. While 
the prepaicd jil»it< is being fast« ned, the eaiiier.a must Ih* cIomhI. 'I he plat** is now in 
a pioper position to receive ainl retain tie* inipre.ssion of th* image of the ohji cts 
pns4iit(d till* moment that the c uiit la in o{H*ued l.xpiTieiict alone can tiach the 
proper length ot turn for Nuhiiuttiug the plab to tin eoneentnited rays of light, Ik> 
cause rhat time \urM‘H suth tin cliiii.ih. the seiisonN iind the time of day. More tiiiu* 
should not he uiloMfsl to pass thin iihit in nce< ssan for fixinir a di&tinct inipression, 
1 h< ause tiu p.irtH meant to he clear would he apt to hei ome chnitUMi The impression 
of the image of nature is now actually made up in tin plate , hut it is as yet iimsihle, 
and It IS oiils *ifti r a iiipse of m vtriil miiiiites, during whieh it is exposed to iiiereuriul 
Mipour, thill faint ttaeings of the ohjict** b**giii to )h* Ntiu. 

The founh is the o|M*r*tioii with *]unKsih<r, which must follow ns soon ns possible 
the completion of the third. Ljere a phial of qiiieksilcer, a spirit lamp, and a gloss 
fuoliel with a long mck, are nspiind The fuiiin I is used tor pouring the mercury 
intda cu)i, placed in the iNitioiu of an app4iratus winch will alKiw of the application 
ot hint. No daylight iiiiist Ih* admitted to the iiiereiiry box, a small taper only being 
used to I'xamiiie, fioni time to turn*, th* eftiets. The p'ati with tf||e domant iinagt 
is pl.ieid Home distiune uUive the mercury, whiih supoi ising^^ tToluBS in a truly 
uiugieal inaniur, the dilieate Inns wh'eh the solar ikiicii has traced. 

Atf*T e.ieli ojHTatien, the interior *it the apparatus, and the black hoard or frame 
should Ih curetnlly wiped, in order to reiinnc every particle of nienury. The 
picture max now K* iiispeeled in a feehle light, to see bow far the priKCss has sue- 
ceided 'i'he plate, fretd from tfie irieUillic fiaiids, is to be placed in a box, proxided 
xvith a eoxer and gimts s, to exclude the light, till it is made to undergo the last 
opiTiition For the fifth and hist operation the following nnieles are now required . — 
STToiig hiiiie. t>r.i weik solution of hy ]HiNnlphite of sod.i , twotrouglis of tin plate, and 
a ju.; of diNtilhd w*if« r 1 la objeet ot this process is to ti\ the photographie pieture. 
Om t‘ the troughs ts to Ih* tilled wuh brine lo tin depth of an inch, and the other 
with pure w iter, h> Ih liquids being hiiited soimwhul under the boilnig point. The 
soliiiioii of hy posiilphit** of soda is pnleiahle, and diM's imt need to he warm The 
pi ite is to ht first niiniersod tn the pure waltr lor a inoinent. and transferred iiniiie- 
(ii IK ly t<i tin s.ilinc solution, and inovid t<i niid fro in it to etpinlise the action of the 
liquor. Whciiexct the y lh»w tint <tf the iodine is removed, the plate is to be lifted 
tint by the edgi's, <ind dqqieil straightway iii the water-trough. The plate, when 
lifted out ot the water-iio\ia:h, is to be phiei'd uiimeduitely on an inclined plane . and 
widioiir allowing i* tune to <lry, is to 1 h' float**! over with the hot (listilh‘d wiuer from 
f’lt top, so us to eairv t»ll all the sjiliue iiuitUr. As the *piicksil\*‘r which traces the 
111 ) ) '«*s will not tie.ir magliin". thesihireil plate should bt si. cun d by a cos or of glass, 
mil . t lit .j the c4^sby pjsnug pa{iei round them. 

1 1 1 l)aeiu rreoty pe pioass as thus published, althouiih even then an exceedingly 
hi oititul pi uesi^, w i'. not siifhuentU sensitive to enable the operator to obtain 
po, lit tion, the Ine. A p i*oil *d twenty luiuutes was required even with the 
imst‘ii\oin lU t ii -hf ti, prinlme the desire*! «RV*el. Numerous modifications were 
s|Kt dily iiuioiUii id. and many ot them were patented. 

riu progressive adxaucc of this branch of the photographie art, though of great 
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ioten^t, eaanot be dwelt on in thig pUoe. Those who are interested in the inquiry, 
will find the information fully detailetl in ITunt*s ManutU qt Pkt^ography^ 5ih ^ition, 
1857. It will be sufficient lu this* work to detail the more important improwmeiiu 
which have become generally adopted. The first advance of real importance was 
made by Mr. Towsoii, of Devonport, who has sinoc that time distinguished hiiniM If 
bv the introduction of his system of Great Circle Sailing. Mr. Tow sun suggested the 
Use of enlarged lenses, and by acting with such. Dr. Draper, of New York, was the 
fit St to procure a portrait from the life. Still this was a tedious priMM'SS, but in 1840, 
Mr Goddard pru(>osed the use of bromide of iodine, by which infinitely iiicTeus(.d 
a nsibilit) was obtiuiied From that Ume the Daguerreotxio was generally employed 
fot portraiture, until the fiicilicies of the collodion process drove it from the hi Id 

'I'he unproved manipulation now resohet itself into 

t'lin tally {Hdishiug the silver plate after some of the methods previously desdilud, 
and the application finally of the highest polish by the use of a bufier, the best iunii 
bi mg that employed by M. Claiplet. 

lu a box on a roller, to which thdre ia a handle, 638* is placed a long piece of 

638 



dr lb iMiloured velvet, which can be drawn ont and extended by means ol a second 
tolli r upon a piTfictly flat table. The first foot or two, fur example, is drawn out , 
(Ik plate which has already received its preliminary polishing is placed faci* down- 
wards, and being pn^ssed close with the fingers, a rapid circular motion is given to it. 
and in A few iiiinutev it receives its highest lustre. As the velvet becomts blackened 
by use, it is rolled oil, the portion remaiumg in the box being always perfectly clean 
and ready for usi*. 

The iodising piocess follows . and for this purpose a box similar to that represented 
will be found to Ik* very cuiivenient, (Ajf 639). 

I'his loilisiiig apparatus consists of a square box 
with a closely htting cover o, false sides arc 
))laceil at an angle w ith this Imix, a cup d at Uie 
bottom contains the iodine, which is covered 
with a thin gauze sireeu J J. <* is a cover 
which confines the nxline when it is not required 
for the plate , this dividing the box into two 
parts 11 u, and k k. the lurnier being always full 
of lodiue vupoiir. When it is desired to iodise 
a plate, till cover < is removed, the silver plate 
is placed ut i, and the eoier o closed 

The plate is thus placed in the iodine box 
until It acquires a fine straw yellow colour. In 
another box is placed either bromine or some 
one of the many acceU rating fluids If bro- 
mine, or any bromide is euiplnvcd, the plate 
should remain until it becomes of a rose colour. 

As a general rule, if the yellow colour produced 
Iw iodine be pale, the red should be pale also , if deep, the red roust incline to violet. 
The proper time for exposing a plate to any of those dheuiical substances which are 
destined to produce the sensitive film, must vary with the temperature, and it can 
oiil} be deteniimtd by experience The seiihitive plate is now removed to the 
camera obscura, fur a description of which see PuoiooRArHr. It is scarcely neces- 
sary to say, that the plate niiisr be preserved lu perfect darkness until exposed to 
the linage in the camera. A few seconds wbtu the plate » properly prepared will 
be found amply sufhcient to produce the best ifiect 

The tmpreasion must be develoiM*d in the mercory box (Jiy. G40) in the manner 
duBcribcd by Da^rre. Ihis mercurial box consisu of a box mounted on legs, 
having a close fitting cover ▲, and an iron bottom in which is placed the mercury c, 
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and B imBlI f i<» indiojitv tl«‘ proper temporcitiirf. c \* a pieoo of glus^ 

1ft into the iliilf of the liox tlirough nhieh the 
Daguerreotype plate ti lixtd in the frame n eiiii 
Ik* b<tii. 1) is a spirit-lamp, and i the ]ila form 
on Finch it standM. The wibjeet is eveutiiaily 
fixed by the um* of hyposulphite of soda, Finch 
removes the hromo-iodidr of silver and lca^e^ 
a pietiiie prodiiewl by the contrast b<*tFefii 
a eiuiibiiiation of the silver and mercury, and 
the Hurfaci* of the iiiiehanged polished silver. 

The application of chloride of gold to the 
riiiikht'fl pieture was lntro<luc<>d hy M. Fizeaii. 

('hloridc of gold applied to the picture has 
the effect of fixing and enlivening the tints. A 
kiiiull grate being lixed hy a damp to the edge 
of a talile, the pl:it(‘ is laid upon it with the image 
iippeniiost, and overspread evenly witli solution 
of chloride of gohl, hy means of a line broad 
camel hair brush, Fithoiit letting any dro]i oirr 
the edge. A spirit lamp is now brought und ‘r 
the phite, and movi>d to and fro till a iiiiinhei 
of siiinll steam hiihhles appear upon the linage. 
The t-iiirit lump must 1 m‘ immediateiy Fithdrawn. 
'fhe remainder of the chloride solution must be 
piiiired back iiili» the phiul , to be used on anotlier 
oeeuMon. It is lastly to be washed and exii- 
iiiined. 'fins opiration lias beiui rep<*ated three 
oi ftMir linifS Fitli the biippu'st effect of giving 
hxiti and force to the picture. It may then 
(dtoii Fithoiit injur> The process of eoUmring these pictures is a 
pureU artificial one, Fhieh, Fhile it destroys the ht*iiuty of the photograph, does not 
ill any Fa> iiiipn se it as a puture 

/hiifitt rtnitf/fn’ I'ntfntiimj — Stocr.il proeesses for eteliiiie the Daguerreotype pLite 
weie iiitnNliK <’d witli nmie or less sueeess. Professor (Jrox'C produced a few good 
engravings hy tin* action of voltaic ilectrieity. Ilerard and Ilecqucrel were also 
eiiahled to produce muu promisiiia results by a similar proces.s. The folloFing 
process hy M (’l.iudet was earned out to some extent with every pros]ieet of success 
A mixed acid, eoiistsiiug ot F.ttei, iiitiic acid, nitrate of potash, und eoinnion sa*t 
ill certain proportions being pouixtl upon a Dagueneotype picture, attacks the puio 
silver, forming' a ohloiide of that metal, but does not affect the white pariH, whidiarc 
proiliieed by the mercury of the picture. This action does not hist hin*;. Water of 
uimiioiMa, containing a little chloride of silver in solution, dissolves the R’st of that 
chloride, which is then washed away', icuvitig the naked metal to b(‘ again attacked, 
espeeiiilly with the aid «d lieaf. The Dag-iierreotype pr(HV.s.s has been entirely 
superseded hy (he ecdloilioii process. See I'oi.Loino.v, Puotoijku'ITY. 

DAIIUNK, the s.ime as Isn.iNi: The feeula obtained from elecampane, ana- 
logous 111 many respects to starch It has not been employed in the arts. 

D.VMAIl (ilTiM. or D \MM.\ll A IIIOSIN, A pale yellow resin, somewhat resem- 
bling eofinl, and used like it in the iiianufaeture of varnishes. Dainiiiara resin is 
snid to be derived fiom the Piiiuf* iianunata alba of India, where it is usually ealh‘d 
Dammar Putt, or fat's eye resin. A siibstauei* called Damar is used in the East 
Indies for caulking ships. It is composed of this resin, mixed with the powdered 
bark of the bamboo, and a little chalk. A Dauimara resin is also iitkported from 
New Zealand, which is the product of the Dammara Austiahs. Under the name of 
Cow die resin it is said to be used extensively as a vaniisb in America. “ Damar 
is easily dissolved in oil of tiiriientiiie, and when carefully selected is almost 
colourless ; it makes a softer varnish than ma&tie ; the two eorobiued, however, 
form an almost colourless varnish, miKleratcly hard und Ilexible, and well suited fur 
mims and similar purnuses ” — lioltzapffel. 

r).\M ASCUS BH||>ES, are swords or seymitars, presenting upon their surface a 
variegated appearance of tvatering, as wdiite, silvery, or black veins, in fine line.s. or 
filletK ; fibrous, crossed, interlaced, or parallel, &c. They are hniuglit from the East, 
lieing fahrieated chiefly at Damascus, whence their name. Their exeelleiit quality 
lias Ueeoine proverbial ; for whiidi reason these* blades are much sought after by mi- 
litary nien, and an* high priced. The oriental priK-esses have never lM*rn satisfactorily 
descrilHid ; but of Ute years methods have been devised in Europe to imitate the fabric 
vpry well. 
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('Inuot and ITaohctte pointed out the thrtN* following processes for prodnrlng Da- 
niflscMis hiades ; 1, that of pamllci Jillets; 2» that hy iurAton ; 3, the mogaic. The 
first, which is still pursued hy soiiu* French cutlers, consists in scooping out with a 
graving tool the faces of a piece of stuff coin|M)Bt d of thin plates of different kinds of 
steel. Th(‘se hollows are hy a 8uhse<|uent oiK'ratiou filled up, uud brought to a level 
with the external faces, ujam Mhich they suhsoqiiently form trcss-like figures, a. 'Phe 
method of tortiion, which is more generally employed at present, cuiisislH in foriiiing 
u bundle of rods or slips of steel, which are widded together into n well-wrought Imr, 
twisted several times round its iixi.s. It is re|>eatedly forged, and twisted alternately ; 
after which it is slit in the line of its axis, and the two halves are welded with their 
outsides in eontaet ; hy whieh nieuiis their faces will exhibit very larious eoiifigiirn- 
tioiis. 3. The mosaic iiiethcid cousist.s in preparing a bar, us hy the torsion plan, and 
cutting this hur into short jtieees of neitrl} etpiiil length, with whieh a faggot is formed 
and welded together ; taking care to preserve the sections of each piece at the surface 
of the blade. In tins way. all the \ai'iet;^ of the design is displaced, corresponding to 
erieli fragment of the eul bar. 

'I'he hladoH of ('louet, indepondenth of their excellent ipiality, their ih'xihility, and 
extreme clastieit), hav4> this advantage over the oriental blades, that thev exhibit in 
till* very substance of the inetul. (h signs, letters, iiiseriptions, and, generally sptakiiig, 
all kinds of figures whudi had Iwen delineatiKl beforehand. 

Notwithstanding these siieei'ssiul results of t 'louet, it was pretty clear tlnit the 
wiiterrd designs of the true Daiuavous seyinitar were essentially different. M Bri'iiiit 
h.i' attempted u solution of this problem. He supposes that the suhstanee of tin* 
ontuital blades is it cast steel more highly charged with carbon than our Kuro])eaM 
sii 1 1 ami in whieh, hy in(‘anhof a cooling siiilahly eondiieted, a crystallisation lakes 
p' I •• of tww dirliiii't coiiilDiiatioiis <if earhoii and iron. This separation is, he thinks, 
t' rvs( iiii.il <<uiditioii ; for if the melted steel he suddenly cooled in a small crueihle 
(>i ingot, there is no dainaseeiie atipmirum't'. 

Ifan I'vtv of* carbon Im mixed with iron, the whole of the metal W’ill he converted 
iiiUi steel ; and the les’dimn enrhuii will eomhine in a new pro[iortion with a poriioii 
o' the steel so f«»niied, 'I iiere w ill he two distinet compoimds ; namely, pure steel, 
.iud <*arhurette<l steel or ciiM iron These at first being iinjierfeetly mixed, will tend 
to s( iMrate if xt bile still thud they he left in a shite of* repose ; and form a crystulli- 
s.itioii in whii'h the particles of the tw’o eniiipounds W'ill place theinselvcR in the cm- 
mlile in an order determined by their nfliiiitx and density conjoined. If a blade 
foigcd out of steel so pri'pun d he iinmersed in acidulous wattT, it will display a very 
disiiiiet Danmseiih nppeanince : tlie port ions of pure steel heeoiniiig black, and those of 
e.irhiiretKxl steel I'eiiiainiiig w bite, hceaitse the acids w'lth difficulty disengage its carbmi. 
'Pile slower such a coin pound is cooled, the laiger the Duniaseiis veins will he. 'Pa- 
x^ riner relates tliat the .steel crueihle 'mgot.s, liki* those of wootz, for making the true 
oriiMital DaiiiaseuR, come from (hilcondu, that they are the size of ahulfpciiiiy roll,an(l 
wlien cut ill two, form tw'o swords. 

Steel eomhiiK'd with iiiaiiguiK'sr displnvs the DaniaRciiR appearance very strongly. 

A mixture of l(Ui parts of soft iron, uud 2 of lamp Iilaek, melts ns readily as ordinary 
Steel. Sevenil of thi* best blades which M. Iln*niit presented to the Societe d'Fneoiir- 
agement are the product of tliis eomhination. This is an easy way of making cast- 
sieel without prex ions eeinentalion of the iron. KMi purls of filings of very grt\v cast- 
iron, and lOtt parts of like filings previoiisix oxidised, produced, hy their fusion to- 
gether, a beautiful damaseene steel, fit for forging into white anns, sahres, swords, &r. 
'J'his eoiiiponnd is remarkable for its elasticity, an essential quality, not possessed hy 
the old Indian Steel. 'Phe greater the proportion of the oxidised cast-iron the 
tougher is the steel, t'are sii mM he taken to stir the materials during their fusion, 
Iwfoiv it is allowed to miI ; otherxvise they w'ill not afford a lioniogeneous damasc. 
If the steel contains much cut bon it is difficult to forge, and cannot lie drawn out ex- 
iM'pt within a narrow range of temperature. When heated to a red-white itcruuihles 
under the hummer; at a eherry-red it becomes hard and brittle; and as it progres- 
sively cmds it becomes still more nninullcahle. Jt resembles completely Indian steel, 
w'lich ICitropcan blacksmiths cannot forge, tn'cnuse they arc ignorant of the suitable 
to’iiperatiire for working it. M. llreant, by studying this point, succeeded in forging 
fine hlndcs. 

Kxperienee has proved that the orbicular veins, called by the workmen knot§ or 
tfioniA (ronceg)t which are seen upon the finest Kastern scymitars, are the result of the 
manner of forging them, us xvell as the method of twisting the Damascus bars. If 
llu*sc he drawn in length, the veins will be longitudinal ; if they he spread equally in 
all directions, the stuff will have a crystalline aspect ; if they be made wavy in thd 
two directions, undulated veins will be product like those in the oriental 
mascus. 
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Tho c1iineU<TMof tieriM to the rml IHnnasens bladen are eitraordintiy keenneM 
(ifetlKo, grrat fleaihility of »ubnUiK*<% a fingulitf grain of fleckineM always obsorvahle 
on tlir surfarr, and a peru/iar munky odimr given out by any friction of the blade, 
either by bending or otherwise. The author of** il/oaM/hrtures in remarks: 

** A gentleman who purchased one of thcM* blades in the East Indies for a thousand 
plahtrcs, rcmarki'd to the writer of this volume that, although the instrument was 
very flexible, and bore a very keen edge, it could not with aaftty be bent to more 
than from the straight shape, and it was not naarly so sharp as a razor, yet, 
Wielded by a skilful hand it would rut through a thick roll of sail-cloth without any 
iippnreiit diflieulty ; a feat which could not be |N.‘rfonned with an oixlinary sword, nor. 
It should be observed, by the sabre itself in an ordinary hand, though the swordsman 
who triud It eould, it apftears, do iieurly the saiiie thing with a gcMid Eumpean 
blade ’* 

Emerson, in his letters from the Aegean, says : “ 1 have seen some blades (scy- 
initars) which were valued at 200 or 300 dollars; many are said to be worth triple that 
sum, and all retain the name of VamancHM, though it is by no means likely that they 
have been mamifartiiriHl tliere. The twisting and inh'rwisting of the fibres of the 
inrtui are eonsidt^red as tli(‘ tests of exci llence, but 1 have ni'ver seen any possessed 
of the perfume said to 1 m‘ incorporated with the steel in the real Damascus blade.** 

'riie production and use of damask steel has received much attention from the 
InUjflipjpnil Anossoil, of the Corps of Engineers of the imperial llussian army, and 
thog^Fabric of Anns of Zlatoust, in Siberia, llis researches and successful 
practice havtftK'Conic niutters of history. 

Steel helmets and cuirasses were formed of east and damascened steel, iDterrnixod 
with pure iron, a mixture supjiosed to eoiuhinu toughness and hardness in greatest 
]H>ssihle degree. 

At dillerent iM'rioils these works have been visiti*d, separately, by two Englisli 
travellers. Major Abbott of tin* Jtetigal Artillery, and Mr. Atkinson, who have 
ri'corded the results of observation, experiment, and conversational intercourse, and 
the} state severally tludr coiivietioii that the damask steel produced by AnossofT 
rivalled in beauty nud excellence any works they had ever seen in other lauds. They 
accord to Aiiossofl* the honour of being the reviver of the art of making damask steel 
in Europe, while the} declare the Hussian natural damask steel is not approached by 
the fabrics of any Eastern tiutiun now existing. 

*rhu Siberian swords and daggers were compared and tried with the choicest spe- 
cimeiiH, and found e<]iial to the blades of Dainuseus, and the sabres of Khorassan ; 
ttiid while these valued uriicles might have bi'en selected from numbers manufactured 
b} chances of skill and material, Anossoff uniwd cheniiciii analyses of ores and steel, 
and records of obMTvatious on progressive stages, to give a true history of the means 
to exjilain and insure suveess. 

Colonel Anossoil’ has published, in Kiissia, a treatise on the art of damasking 
steel. The following remarks are extracted and condensed from it : — 

** In Russia, we understand, by damajiA, a metal harder, and supplying a material 
for arms of a keener edge, than ordinary steel. All the researches of chemists have, 
until now, failed in discovi'ring any essential difference between the damask and 
ordinary steel, which, uevertbcless, proves only that the analysis has been imperfect, 
mid that it is only want of means that prevents Huccess. Although the chemists of 
the present day presume that the natural damask is tlic effect of crystallisation, pro- 
duced by retailed cooling of the heated metal, yet, not having been able to produce 
a damask by this means equal to the ancient work of Asia, they cannot establish 
this ground. If crystallisation generally is but the result of the structure of bodies 
under certain physical conditions, the question results, why, in the damask, is it not 
the result of a similar cause ; and since common steel acquires no visible damask by 
gradual refrigeration, is not ibis a convincing proof that tlie composition of damask 
differs from that of ordinary steel? Thus, on the one hand, the imperfection of our 
chemical knowledge, and on the other, the difficulty of fabricating the damask, leave 
Europeans still in uncertainty as to its merits. 

** All steel which e^ibits a surface figured with dark lines is called damaskp In 
some of the va^us mds of steel these figures appear after burnishing, whilst hi 
others dilute acMls necessary to bring them out 

The mere appearance of this damascene does not confer upon the steel the title 
of damask. On ordinary steel, similar figures may be brought out hv subjecting it to 
corrosion, after having designed on it the figures required. This is called false 
aama.sk.*' 

A second kind of damask, called artificial damask, is peculiar to the metal itself, 
BO that however often it is repolished, the same figures will reappear whenever it is 
salyect to corrosion. It is composed of several sorts of steel, interlaced with iron. 
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The beauty of auch damaak conaista partly iu the quantity of the aoTei4l materials, 
and partly in the skill with which they are worked together. The^e artificial 
damasks are chiefly wrought in Asia, via. in India, Turkey, and Georgia, whilst 
those of Europe have as yet obtained no great reputation, because the Curopcan 
workmen are more intent on producing elegant figurt s on the steel, than on improving 
the Btt‘cl itself. 

The Orientals jndge of the goodness of the damask in the following manner: The 
first and most essential sign of the beauty of the damask or water is its bidug thick, 
dctincKl, and fantastic. They further give us three rules whereby the quality of the 
damask may be judged. 

1. Ily the form of the damask, which may Im either in points, right lines, or 
curved, the right lines being the lowest quality, and advancing b> stages into curves 
and points, forming, in the liest damask, figures reseinbling grapes or network. 

2 Ity the line of its ground *. the dec|kT the tint the more poifect the metal. 

n. the play of colour on the metiU in an oblique light. tSome show no varia- 
tion of tint, whilst others take iu a crimson or golden hue. The more perceptible 
the play ot colour the finer the quality of the damask. 

The qualifications claimed for the most pi‘rfect damask art‘ the extreme mallea- 
bility and ductility, the hardest (lossihle substance after tem]>ering, the keenest and 
firmest edge, and elasticity when pn>pcrly ti-iupiTcd. Major Abbot gives the fol- 
low mg description of the damask as pr<Miueed at Zlatoust. Uc defines it to bt* a 
modifieutioD of cast steel, by which it is impressed with a peculiar charactef iu its 
ccvsiullisation, which character betrays itself when the corrosion of acids, by acting 
I iMic violently between tiu iutersticcs f»f tin* structure than elsewhere, traces out the 
M'pmgcuient of the cr>sralii. This proiierty is communicated to the damask of 
/I il* u8l >)} n process tending to perfect the quality of the steel, and to impress upon 
the cast steel the elastic properties of a softer material. The general fault of 
l.uropcan hKides is, that being forged of shear steel for the sake of elasticity, they 
.«r< scarcely susceptible of the keen edg«* which cast steel will assume. The genius 
o( Anossoff has triumphed over this objection, nut by hardening the soft steel, hut 
h\ giving eluhtieity to the hard ; the resiilt has been the prodiietinn of weapons 
e nnidiiiug, in the very liighest degree, elasticity with keenness of edge. SeeSwoiui 

MsNtllArTI HI . 

DAMASCUS CCN-HAllKEI.S. See Gitn-barrbl. 

DAMASK is a variegated textile fabric, richly ornamented with figures of flowers, 
fruits, landscapes, animals, &c., woven in the loom, and is by far the most rich, 
elegant, and expensive species of omumental weaving, tapestry alone excepted. The 
iiaiiie is said to be derived from Damascus, where it whs anciently made. 

Damask belongs to that spiHiies of Wxture which is distinguished by practical men 
by the name of tweeling, of which it is the richest patteni. The tweul of damask is 
usually half tliat of full satm, and consequently consists of eight leaves moved either 
in n‘gular suecchsioii or by regular intervals, eight leaves being the smallest number 
which will admit of alternate tweeling at equal intervals. 

The geiiene difierenee of tweeling, when compared with common cloth, consists in 
the intersections, although uniform and equidistant, being at determinate intervals, and 
not between the alternate threads. Hence wc have speeimcos of tweclod cloth, where 
the intersections take place at the third, fourth, ^fth, sixth, seventh, eiglith, or six- 
teenth interval only. The threads thus deflecting only firom a straight line at inter- 
vals, preserve more of their original direction, and a much greater quantity of ma- 
terials can be combined in an equal space, than in the alternate intersection, where 
the tortuous deflection, at cverv interval, keeps them more asunder. On this principle 
twceled cloths of three and four leaves are woven for facility of combination alone. 
The coarser species of ornainenT* J cloths, known by the nanies of domock and diaper, 
usually intersect at the fifth, or half satin interval. The sixth and seventh are rarely 
used, and the intersection at the eighth is distinguished by the name of satin in 
common, and of damask in ornamental tweeling. It will ftirthcr be very obvious, 
that where the warp and woof cross only at every eighth interval, the two sides of the 
cloth will present a diversity of appearance ; for on one side the longitudinal or warp 
threads will nin parallel from one end of a web to the other, and, on the other, the 
threads of woof will run also parallel, but in a transverse directiou across the cloth, 
or at right angles to the former. The points of intersection being only at every 
eighth interval, appear only like points; and in regular tweeling these form the ap- 
pearance of diagonal lines, inclined at an angle of 45® (or nearly so) to each of the 
former. 

The appearance, therefewe, of apiece of common tweeled cloth ii very ainilar to that 
of two thin boards glued together, with the grain of the upper piece at right anglei 
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|A thilt of thi> under mie. Thai of on ornamenlal piece of damask maj, in the same 
manner, be \fry properly assitnilnted to apiece of rencering. where all the wood is of 
till' same suliftanfe and colour, and where the fi«ires assume a diversity of appearance 
from the groundi merely by the grain of the one iKdog disposed pcriK'ndicularly to that 
of the other. 

From this statement of the principle, it results that the most unlimited variety of 
flgunw Will he produciHl.by constructing a loom by which every individual thread of 
warp may U* placed either aiMtve or bi'low the woof at every intersection ; and to effeet 
this, in boundless voriety, is Uie object of the Jacquard mounting. Sec Iahim, Jac- 

giiAHi>. 

The chief scat of this manufacture is the town and neighbourhood of Dunferm- 
line, in Fifesbire, and lilsburii and Ardoyiie, near Uelfast, where it is considered 
as the staple, having pnivinl a very protitable branch of traffic to the manufacturer, 
ami given eiiipln^inent to many in<liiH(rioiis people. 

'I’lie material used there is chietly linen ; but many have been recently woven of 
cotton, since the introduction of that article into the manufacture of cloth has become 
so prevalent The cotton d iiiiuskK are eonsidoruhly cheaper than those of linen, but 
are not considered either so elegant or durable. The cotton, also, unless lVe<|uently 
bleached, dotw not iireserve the purity of the white colour nearly so well as the linen. 

DAMASK KKN I N(i t the art of onienienting iron, steel. &c., by making ineisions 
upon ipi surfuee. and filling them up with gold or silver wire; it ib eliielly uhed in en- 
chasing sword blades, guards, and grips, ioeks of jiistols. Ac. 

Its iinnie shows the place of its oitgtn, or. at least, the place where it has been prac- 
tised in Hic greati'st perfimium, vis the city of J>iimii8eus, in Syria , though M. Foli- 
bien attributes tlie jicrfection of the art to his countryman, ( urbinet, who wrought 
under the ndgn of ]lenr\ IV. 

Damaskeening is partly mosaic work, partly engraving, and partly' carving. As 
mosaic work, it consists of pieces inlani ; ns engraving, the metal is indented, or cut 
in intaglio ; and as carving, gold and silver are wrought into it in reltevo. 

There are two ways of daniuskeening ; in the first, which is llie most beautiful, the 
artistt out into the inetul with u graver, and other tools proper for engraving upon 
steel, and afterwards fill up the ineisions, or notches, with a pretty thick silver or 
gold wire. In the other, which is only siiiicrfieial, they content themselves to make 
hatehet. or strokes across the iron, Ac , with a cutting knife, such as is used in making 
small files. As to the first, it is necessary for the gnivings or incisions to be made in 
dovc-tuU form, that the gold or mlver wire, which is thrust forcibly into them, may 
adhere the more strongly. As to the second, wliieh is the more usual, the method ia 
this . having heaUMl the steel till it ehunges to u violet, or blue rolonr, they hgteh it 
over and across with a knife, then draw the ensign or ornament intondiMl upon this 
hnteliiiig with a fine hnibs point or hodkin. This done, they take fine gold wire, and 
conducting or eluuiing it acourding to the figures already designed, they sink it care- 
fully into the hutches of the metal with a copper tool. 

An inferior description of duninskeen work has been introduced since the discovery 
of the electrotype processes. The pattern has been etched on the steel, and then 
gold i>r silver deposited into the etched lines. 

DAMASSIN. A kind of damusk. with gold and silver flowers woven in the warp 
and woof, or (n'ensioii'illy with silk orgaiirine. 

DAM I*, IN moiiNy aie dangerous exlialationh, or rather gasrs, — so called from the 
tierman vapour -escapiDg from the mineral lorinations, or ucciunulatiug in 

the workings. 

Ftrv'-Dtimp, which occurs in coal mines, is rnihuretted hpdnt^en paa. 

i'hoMe^Damp^ Ajhr-J)amp^ Md Wavk-Dawp^ he regarded as Carbonic acid. 
Hit' Minks, ventiUitwn of, 

DAPUNTNK. The hitler principle of the Daphne ttlpina. 

DAFlC'HO. A spongy kind of eaoiitchonr, which exudes from the roots of 
SIphtmta Elaatten. It in used in South Aineriuu for making stoppers. See I'aout- 
ciiorc. 

DASH WIIKELS. 1'hese ore revolving wheels having dash-boards, which arc 
nmeh used in thejy|hing processes necessary in calico printing. See Rlkacuikg. 

DATES (Ttirf^T date, Arabic). The fruif of the Date ralm. The date tree, 
iVuiwij /inr/y/i/era, grows to the height of sixty feet. The dates are pulled before 
they an* ripe, and ore then dried in the sun. These form one of the chief parts of 
thv usual food of the Arabs, while the seeds softened and ground down form the 
nourishment for their camels. The leaves ore employed for making mats. The 
threads of the web-like integument at the basis of the leaves are twisted into ropes, 
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irhile tho Ktcmi, when old, arc used in the constroction of honsett Tadmor, In the 
(hftert. built by Solomon, is supposed to derive its name from those trees, which grew 
abundantly around it. 
in 1864 our importation of dates was : — 




t'wta. 


From 

ERypt 

• 544 

i.'l,417 


Gibraltar - - - 

- 42.*^ 

1,329 


Malta - - - 

• 492 

1,279 

4» 

lionibay and Scindc - 

- 310 

248 

«• 

Other parts 

- 09 

l.’jfi 



1,840 

“ 4,4 i9 


DATITOLITE. Borosilicate of lime, called also Etmarkite and llumboUlutf ft 
IN found at Areudal in Norway and in New Jersey. 

Its chemical composition is, silica 37 ‘30; boracicaoid 21 ’32 ; lime 35 G7 ; water 5*71. 

DATISCA YELLOW. A yellow d }0 obtainedby treating the nqueouN decoction 
of the leaves of the UatMa Cttnnahina, a bastard hemp, growing in the Levant and in 
India, with salts of lead. 'I*his vcllow is obtained in a translucent mass, soluble in 
water. Stuffs mordanted with alum are dyed a permanent yellow. 

DATUKINE. 8i>e Atrocinc. 

DAVY LAMP. See Safety Lamp. 

DEAD DIPPlNCf. The process of producing an agreeable pale yellow dead 
surface on omaiueiital brass work is so called. Tho brass work, after the final sfiniping 
w ith its adhering black scale from tlie annealing oven, is placed in dilute nitric acid, 
uiid left in it until tbe scale may be easily detached ; it is then taken out and waslitKl 
w lili waU’r Agaiu it is plunged m dilute acid somewhat stronger than before, until 
the surface is covered with miiiute bubbles, after which it is washed in a solution of 
argoi, and dried in hot sawdust. Dead dipping is also used in the manufacture of 
the omameotul parts of stoveM^cspc’Ciallv such as aic intended for drawing rooms. 
'J'hc braM portions of these are treated in tbe manner described, but the iron or 
steel after bcdiig polished, or ornamented by engraving, is treated with dilute 
siilpliiiric acid. 

DEAD OIL. The oil which is obtained fVom the fractional distillation of coal 
tar. a()er the light oil or naphtha has passed over. See Naphtha. 

DEAD WELLS. Wells which arc made to carry off refuse waters. See Aute- 
«iA\ Wells, Affgative, 

DEAL WOOD. SeePiNi.8. 

DECANTATION. (Eng. and Fr. ; Abgiesam, Oerm.) The act of pouring 
off the clear liquor from any sediment or deposit. It is much employed in the 
chemical arts, and is frequently effected by means of a siphon, there being less risk 
<»f disturbing the precipitate. 

DECAHHONISATXON. Articles of cast iron, and, consequently, brittle, are 
decarbonised and rendered tou^h by being exposed to heat in contact with some per- 
oxide of iron, os the finely divided hematite ore. Most of tlie iron articles used in 
saddlery or harness making are now manufactured by this process. 

DECKLE, name given by the paper maker to a thin frame of wood fitting on the 
shallow mould in which the p^r pulp is placed. 

DECOCTION. (Eng. and Fr. ; Zertetzung^ Germ.) The pnicess of boiling a li<|nid 
with some organic body, or the liquid compound resulting from the process of boiling. 

DECOMPOSITION. 'The separation of bodies from each other. The methods 
employed are almost innumerable, and usually depend on the special reactions of tho 
matters under examination. We shall consider a few of the most striking cases in 
loth the grand divisions of the science, viz. inorganic and organic chemistry. In 
each instance we shall, for the sake of convenience, subdivide into the three classes of 
acids, alkalies, and neutral bodies. Previous, however, to this, we must glance at 
some of the reactions of which chemists avail themselves in separating the elements. 
I'he decomposition of ordinary metallic salts, with the view of making a qualitative 
analysis of a more or less complex mixture, is a problem, in general, of extreme 
simplicity, and directions for the purpose are to be found in all the numerons works 
on qualitative analysis. Tbe principle on which the modem methods of qualitative 
analysis are founded, is the separation of the metals in the first place into large groups 
by certain reagents, and then by means of others, to subdivide into smaller groups, in 
which the individual metals can be determined by special tests. For the sake of 
simplicity, we shall only consider the more commonly ocenrring metals. The general 
reagents, by which tbe first subdivision is effected, are hydrochloric acid, snlphnretted 
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Itydrofrffi, nilliliidf of •mioonfam, earbontti* of amimmia mixed with chloride of 
iiiiiiiioniuiii.aiid iloally phutfhate of soda. The fobauuioa in tohittoQ is treaUfl with 
hydroohlorio acid, by which mercury, tilTer, and load are rvmovud. The mitrrury 
will only be perfectly removed if it extsU entirely in the atato of a subaalt. Lend is 
tMily partially precipitaU'd, and will be subHequently found in the next The 

precipitate by hydroebloric acid is to be )M>iU*<l with water, which will remove the 
ehloride of lead, and leave the ehlondes of inercMiry and silver. The latter may Ih‘ 
se}HiratiHl by means of aiiimouia, wbich will dihsolve the chloride of silver and 
convert the mercury into a black powder, in which the metal can bi‘ detected by 
spiHJial testa. The fluid filtered from the precipitate bv hydrochloric acid, is to have 
ti ptream of hydrosulphuric acid gus passed through it mr a considerable time, or 
until no more* precipitation oeriirs. Hy this ineaiiH antimony, arsenic, tin, cadmium, 
gold, luemiry, silver, lead, bismiitli, and copper are thmwn down, and must bt* 
Sfparat(‘d fi'oiii each other by bpt^iul processes. The filtrate from the precipitate by 
)i>dro«iu]phurie oeid is to have auimuiua added in slight excess, and then n solution of 
sulphide of amiiinnium us long as any precipitation takes place. Jiy this means 
nickel, eolwlt, iron, inangunese, sine, aluiiiina and ohroniiuni, are thrown down ; also 
btir>ttt, strontio, and lime, if they hap(H‘n to be in combiuution with phosphorie oxiilie 
or borueie acids, or if united to fiuurine. Fnnn the filtrate, carlNiiiate of umiiionia 
inued with chloride of ummoniiim, precipitates baryta, itrontin, and lime. The filtrnre 
fnuii the last precipitate cun <mly oontiiin inagnebta, or the alkalies. The alaive brief 
dcHcriptioii of the iiiimUi of dividing the metals into groups will he sufficient to give an 
idtu of the procesK<‘s employed for decomposing complex mixtures iigo simple oiu^s. 

Inorganic aeid^ are iieii.illy removed from nietaU hy couverttng the latU‘r into an 
iitstiluliTe rotn|Miund, while the acid remains in solution either in the free stale or 
coinhtued with a iMsly of such a nature as not to mask the reactions of the acid with 
r«*agenCa. This is ohen done in the lalMirntory hy Imiling the metallic salt with an 
nlkaline ^^laniute. The metals are, consi*i{uently, either converted into oxides or 
eiirlHiiiates irtsoluhle in water, while the acid unitiw with the alkali to form a soluble 
salt enpitble of being obtained by filtrotion in such a condition as to permit the nature 
of the acid to he made known by means of appropriate tests. It is usually necessary 
to neutralise the solution curi'fully l^efore testing for the acid. 

It is seldom necessiiry in n'M'Hrcbes to reduce inorganic alkalies to tlicir elements, 
their eonstitutlon iH'iiig iifuuUy ascertained by converting their constituents into 
new forms capable of h<Mng weighed or mcasun^d with accuracy. If, for instance, 
it WHS nm’ssary to uM'crtuin the constitution of sulphuric acid, it would Ik* sufticieiit 
to deleritiiiie the <|uuntity of baryta contained in the sulphute. On the other liiuiJv^ 
iirids susceptible of toisumlng, when pure, the gaseous condition may have thoiricou- 
sliliitioti UeteriiiiiKtl by decom|)osiug a known volume with n sulistaiice capable 
of eoiiibiiiing with one ingredient and liberating the other in the gaseous state. 
Thus bydrosulphuric acid mu> be aiialyseil by heaiing^it with potabsium, which will 
nuiiove the sntphur and lihenile the hydrogen. 

In decomposing inorganic iilkulicb with the view of separating the metals eontaine'l 
In them, we usually have to avail ourselves of very powerful affinities. This arisiw 
tVoni the fact, tiiut the substances in question are, generally, produced by the union 
of 11 inctnl w itii oxygen, the metal having so strong a tendency to combine with that 
element, that mere expivsure to the air is sufficient to determine their union into a 
com)K>uiid of great stability. In onler, therefore, to decom}KMc the alkalies of this 
rliisbi it is iiecesH iry to find some sulfstance having a powerful tendency to combine 
with oxygeu under certain conditions. Now it has been found that carbon, if raised 
to an exceedingly high tcmpcratiirv, and employed in great excess, is capable of 
removing tlic oxygeu, even tVoni »uch liodics as potassium and sodiumi the affinity 
of which for oxygen is very gn*at. 

Inorganic neutral bodies are generally dt^mposed eitlier by the ordinary pro- 
cesses of analysis, or, when* the neutrality arises from the substance under examina- 
tion being a coiii^sniiid of an acid and a base, bv separating the two by treatment 
with a reagent capable of combining with one to the exclusion of the other. This is 
a process f^ueDtl;yivailublc in quantitative analysis As an illustration, we may 
take the deeoin|ffiU|bn of the earbonates by a mineral acid in an ap^ratus which 
permits the carEomn acid set IVeo to be accurately estimated bv weighing. (Sec 
I'AHnoNATKS.) Another instance of the decomposition of a neutral body, by treating 
it w ith a substance capable of combining with one of the constituents and separating 
tlte other in a free state, is the decom position of sulphate of potash by baryta. If a 
solution of tlie salt be boiled with excess of solution of baryta, sulphate of baryta is 
produciHl and caustic potash set free. The excess of baryta is removed by boiling in 
the air until the whole of the latter base is converted into the insoluble carboi^. 
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A lyrMwelj malogoai proeets U the ordinary miMlc of preparing eaoitic potuh hy 
itoiliiig carbonate with quickliitie. 

Neanml bodice are frequently, howerer, an ennetiinted, that the neutrality dnea not 
ariae from tlie eircmnatance of an acid ^iug •atiimtc^d with a bimc, but fVoiii the 
cnergiee of two elcmenta being, to come extent, aatiafled by the fbet of their being in 
combination. Tbna, water ia a neutral anbetance^ nererthclcaa it may lie decoinpoiied 

a variety of prooesaea, acveral of which are anoceptiblc of quantitative pn*cision. 
Ill the iirat place, it ma} be decomposed by pawing ateain over a metal capable of 
uniting with its oxygen with liberation of the hydrogen. It iimy also be elvetndysed 
and the two gmica separately obtained. 

Organic or inorganic neutral salts may, at times, be very compleudy and simply 
decoiii|K>sed by means of the lottery. Not only an> the various processes in eU*ctn>- 
nietallurgy founded on Uiis principle, but it baa even bt*en practically applii*d to tlu* 
quantitative estimation of the metals in ores. The cleotrolysiH of the iteiitrui salt of 
the great series of organic acids of the geaeral formula t.‘*U*0* has thrown gn^at 
light on some previously obscure points in the radical theory. 

The decompositions undergone by organic substaneea in contact with reagents are 
ao manifold, that the limits of this work preclude the pOMibility of doing inort* than 
glancing at a few of the most general and interesting. Perhaps of adl the modes of 
inducing tke breaking up of more complex Into simpler substaneea* the application of 
heat is the most remarkable for its power and the varied and opposite character of 
tlu* substaneea produced. It baa been shown that, as a decomposing agent, heat 
IKNisesscs no sfH^ciol function. From complex organic nudecules all classes of sub- 
stances arc formed. Individual substances belonging to every chemical type are, 
thert^fore, found among products of destructive distillation. Acids, alkalies, and 
neutral Ixvlbwof every kind are formed, and some of the most interesting and beaiiti- 
till bodies known to chemists arc found in the nnlnviting looking tar of coal. Let 
us iliostrate this by a glance at a few of the coal-tar products. Among the acids are 
the oxypbeuic, carbolic, and cretylic. The alkaloids represeiiti^d are methylaniioe, 
eihylamtne, pr«>pylHmine, hutylamine, amylamine, pjridiue, picolme, lutiditie, colli- 
dine, parvoline, chinoline, lepidinc, cryptidine and aniline. Among bydrocurhons, 
benxole, toluole, xylole, cutnofe, cymole, propylc, butyle, amyle, caprtiyle, capro>lenc 
amauthylene, naphthaline, anthracene, chrysene, pynme, &c. &c. This list, probably, 
does not include one half of the substances produced from coal by the decomposing 
and recomposing influence of beat 

Mineral acids exercise a powerful decomposing influence on organic substances. Of 
these the nitric and sulphuric arc the most commonly used. Nitric acid is especially 
active, owing to its twofold action. By virtue of its oxidising tendencies, it breaks up 
great numbers of substances into more simple and less carburetted derivatives, and the 
hyponitric acid produced by the removal of one of the atoms of the oxygen of the 
acid frequently eaters into the resulting compound* a substitution product being the 
final result In the latter bodies produced in this manner the hyponitric acid (NO*) 
generally replaces hydrogen, the ori|pnal type rcmainiDg unaltered The production of 
oxalic acid IVom sugar ; succinic, lipic, adipio, piinelic* suberic* &e.* aouls ft*om oily 
and fatty matters by the action of nitric acid, are examples of its oxidising power t 
while the formation of nitrobenxole, and bodies of more or less analogous character, 
present in^nc^ of the repiacemeot of hydrogen b^ hyponitric aeid. 

Sulphuric acid owes its decomposiug power to its extreme tendency to combine 
with water. Many of the less stable organic bodies arc, by ibis means, absolntcly 
broken up, so that the resulting products are of a character too indefinite to allow of 
the changes being expressed by an equation which shall render a true account of all 
the subs^ces directly or indirectljr formed. On the other hand, the action may be 
so controlled by the careful rt^gnlation of the temperature and strength of tl^ acid 
that products may be eliminated which are themselves totally broken up and destroyed 
by an acid of greater strength. The production of grape eugar 1^ the action of sul- 
phuric aeid on starch, or Itgnine, may be tMten as an example, it not unfireqoently 
happens, that the sulphuric acid unites with the subsunce acted on to form a coma- 
gated compound. Bmaole, and many other hydroearbona* as well as oxidised bomei* 
behave in this manner with eoueentrated solphurio acid. 

Chlorine and the other halogens are powerful decomposing agents, acting chiefly 
by virtue of their afilnity for l^drogen. The principal effects produced by mem are 
oxidation and snbetitution. The oxidising action of the halogens arises flrpm the 
decomposition of water ) the hydrogen combining with the chlmne* to form an 
hydracid, and the free oxygen uniting with the other subetanees premt 

The above eketch will sufllciently indicate some of the most usual methods by 
which the decomposition of organic and inorganic bodies is efiected ; but hundreds 
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DEURVSHIRE SPAR. 


«»f ollifT d 4 *coiiipM{n|^ iiro hi the cull of the ohentist. when any phenomena 

iiivdlvini* the ftiiiru|ni<in« of eoitip<»un(tf are to lx* invcatigate«l. — G. W. 

DKl'UICPITATION (Ku^. and Fr 5 ^ Verkmttern^ Germ.) is the crarklinf; noise, 
Atleieled with the flying asunder of their parts, made hy several minerals and salts 

hen heated. Sulphate of harytn, chloride of sodium, caleari>ou 8 spar, nitrate of 
lMr)ta, anil si^veral other biKlies which contain no water, decrepitate most violently, 
sepurutiiia at the natural joint! of their er\stanine structure. 

hFFKC*.\T10N, (Kng. and Fr. ; Kfarm, Germ.) The freeing from dregs or 
iinpiirilies. 

t>liFLA<iR ATIGN. (Kng. and lY; IVrpii/Tioit/, Germ.) A rapid combustion, 
attended with much evolution of llainc and vapour. When metals are bunit by elee- 
tneitv, they are said to undergo delingration. 

DFFLAGIt ATGK. A galvanic instrument for producing a rapid iind powerful 
coinbiitiion, iii(ni«hiced hy Professor Hare. 

DF L A INKS. Properly, fine worsted fnhties They are indet^d figured muslins, 
V liM h should always he made of wtjol, hut they are fretimuitly made of mixed niuierial. 

LKl.F. A coarse H|K‘(’ies of polttTv originally maimfuctured at Delft in lloilaud, 
eovored with h white enamel or gla/e. Ste Pottkhv. 

DKIJQIIFSI 'KNT. ( Zer///mew. Germ.) Any wdid which uhsorhs moisture from 
the itir spontaneously, and becomes soft or liquid; such as potash, and chloride of 
( aleiiim. 

DFl.Pill Nl A. The iHiisonnus principle of the Slavcsacrc. 

I tKM Y. Paper of u particular size is so called. Drawing demy is 15 inches by 20 , 
printing dt>iny is 17*1 inehes hy 22 ,). 

I>F.NMAI1K SATIN. A stout wnirsted stud' used for ladies’ fhoes, 

Dr.N’J'IFllirK. TiMdli powder for the purpf>se of cleansing the teeth | a variety 
of preparations arc rcroininended. The object being to remove acid incrustutiong 
from the teeth, and to ele.iiise them from feculent matter, simple prcpurntioiis of chalk 
or magnesia are undoubtedly to hi* prefeiri*d. Oecusionully ehartMuiI may he usi*d 
with advantage, hut the particles are iiKiisilly too hard, and conset^uently they tend to 
abrade tin* fin*' eiinniel surfiice of the teeth. 

DF.N 1) 1) ATIGN. ( Denudo, to lay hare.A The currying away by the action of run- 
ning water of the bup< rlieial solid inutcriuls of the land, by which the lower rocks aix* 
laid lure. 

DKODORISKRS. Rodies which have the power of depriving fetid and offensive 
eflluvia of their iMlours. 'I’liere appears to exist a general idea that thesi* suhstaiiees 
nn*, all ol tlieni, equally disinfei tauts. No greater mistuke can he made than tohup|H>se 
that iM'cause a pisquiiation lias the pow'or of removing a disagreeable smell, that tWi 4 - 
fon- it has removed all the elements of infeetioii or disease. See Disinfkct'amt. 

To disguise unpleasant odours, fiinitgation is ciiiplo\ ed, many of Uie fragrant gums 
are burnt, and fiiiiiigating pastiles emphned. It is also n commoTi practice to burn 
lavender and brown pa|H'r. but tliese merely overpow’er or disguise the smell ; they do 
not III nnv way net upon the noxious I'llhiviu. Pastiles, Fumigation. 

DKlMll.fRiMATION. The process by which liquids arc deprived of their 
watery partieh‘S. It is applied chiefly to Npirituous liquors, but is now obsolete, as 
in\ol\iiig (he alelieinislicnl notion of n peeuliur principle called phJmm, 

I )KPULO(i IS nr V TED, deprived of phfthjistotK wdiieh was fora long perioil 
afler the tunc of Stiihi regarded as the principle of hvtty and of eomftvslidfi. It mav 
Ih‘ regarded as Nvmmomous with oxygenated. “ Others Iwlieve that Earth and TA/m- 
ip*toH are those priueiples wliirli are the eonstitiient parts of all corporeal aiibstanccs." 

“ Lt appears from all those experiments that in each of them pMogistm^ the simple 
hiflammahle principle, is present.” ** Thus much I see from the above mentioned 
eaperiments; that air is compostHl of two different fluids, the one of which attracts 
not the phhifftnUmy and the otiicr has the quality of attracting it ** — Seheetes Exneru 
ments on and Fire, 

DEPILATOHIE.S. Preparations for removing hair from the skin. These are 
said to have been much iistHl by the ancients. In modern timet they have been used 
as i'osmctics to n>movo superfluous hair from the face. Lime and the tersulphuret of 
arsenic v,Orpimejy||^e the constituents of most of the ancient and modem depilatories; 
hut the use of ol^Seut is dangerous, espocialW if there is any abrasion of the skin. 

Tin* lu st and safest depilatory is said, in Gntye Supplement to Ua^Pkarmacopa:ia, 
editt'A Itf Ui du'mtd, to Ih‘ a strong solution of stilphuret isulphide) of barium made into 
a jiaste with powdered starch. It should be applied to the bfur immediately after it 
is mixed, and allowed to remain there for five or ten minutes. 

1)K1»0SITU)N OF METALS. See Elbctro-Mbtallurot. 

DKRRYSHIRK SPAR. Fluor spar, or fluoride of calcium ; which see. 
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PEnillCR CRAKE. The tmn Derrick is applied to a temporary crime, con . 
Kiting of a spar supported hy stays and pi>s, carrying a purchase for Icuuiing or un- 
loading giM^s oil shipboard. The Derrick cnuic is somewhat similar in its plan, the 
projecting iron beam, or derrick, of which, can he* raised or lowered to any desired 
angle. 

l)K.SI('CATION. The act of drying. 

Duvisoii and Symington |>atcniiMl a pnicesa for drying or si*asoning timber, by 
rurnMiis of heated air. Ffcn after wo<k1 has lu'en dried in the ordinary manner, it 
contains much moisture, which it is still neci^vsar) to remove. The patentees hu^e 
given some cunous results of this desiccating process; — 


Temperature of air 214^* 


Vi(»lin wood. 

Original 

weijilit. 

Weight after 
seasoning. 

Moliluro lemotml. 

0 pieces small and thm 


2‘h7 

6* per cent 

2 pifCfS larger - - - - 

10*56 

U*5 

10*1 do. 

2 pu'ccs larger - - - - 

25*25 

22 93 

9 25 do. 





Onginitl 

niMKlit. 

^ 

IrtK) 

after 

G huiir* 

Hfler 

iOliuuis 

IMP 

after 

W hours 

ISOo 
after 
:M) honrs 

lilfp 

After 

IH hour. 

Per Mill. 

Dak - 



1*84 

1 76 

1*71 

1-.59 

1*56 

1-51 

18*1 

Rod pine - 

- 

- 

1 5 

1*4 

1*36 

1 33 

1*28 

1*2 

1 6 6 

Hircli 

• 

- 

1*2 

1*09 

1 Oo 

1*01 

•99 

•97 

19 2 

Miihog.itn 

- 

- 

1‘2L 

1*14 

I 09 

1*03 

1 0 

•98 

19 2 


White wikkI, lime tri*e. 



OilRinAl 

Wllilllt 

17(P 

After C hoiiri 

Part 1 IfK, Aiicl 
part 4l<® 
(liter I'ilitiuiB 

After 
*J4 hours. 

After 

31 lioiiri. 

After 

HI hours.* 

Pi r ( eiit 

1 

. 3*.') 

20*4 5 

18*7 

18 22 

174 

17*4 

26* 

2 

2.'i 19 

21*33 

19-37 

18*9 

18*07 

180 

28*.5 

M 

23 67 

19*7 

17*83 

17 6 

16 82 

16*7.5 

20*2 

4 

20*08 

17*07 

15*8 

1.5*6 

15*13 

15*05 

25* 


No :) exposed to the atmosphere for three weeks, weighed at the end of that time 
17‘H, or had taken in 4 2 |>er eent. of moiature. 

i'Vot/iiM — Feather beds, mattresses, tdanketii, and clothing, are not only dried, but 
pill died by this proec«tS. A feather b<*d of sixty jiounds weiglit, will have no less than 
100,000 cubic feet of air passed through it; and at the same time beaters arc made use 
of, for the pur|> 08 e of removing the dust Feathers treated in this manner have their 
hulk and elasticity so much increased, that a second tick is found almost invanably 
necessary to put the feathers into. 

A practical jiroof of the eafrcine powers of currents of dry heated air was given in 
Syria, by exposing to them sixty suits of clothes, which had belonged to persons who 
died of the plague. These ciutnes were subjected to the process alluded to, at a tem- 
perature of about 240^, and afterwards worn by sixty living persons, not one of whom 
ever gave the slightest symptom of being affected by the malady. ( IVAuAaw.) 
It has been proposed to dry coffee by currenta of heated air, and sabseqnently to 
roast it by the tame process. 

Thick cani^doardt used for tea-trays and papier macbC*, is now fireqaently dried by 
heated air. By the plan adopted at one establishment, prevlonsly to the introduction 

* It will be obserreil, on referring to the liwt column of lime, tliet the wood, oUhonsh kept ta tbo 
chnmber exposed to heated currenli for AO houri, weighed nothing lets after the Arat M houra*.. 
( It'JUkSair ). One implication of the deciccating proceu for timber It to expose it for somo hours to thn 
heoted currents of air, and theOjin its heated lUte, Immersing It suddenly fas any of the approved 
antlseptica, ereosoto or coal-tar. The result Is, that the alr>Teisels of the wood, If not antiraljr ompty, 
contain air at so very high a temperature that a vacuum Is instantly formed, and evary pore la Imme- 
dlaldj charged with the cold antiseptic In which the wood Is immersed. 
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of DiTiiOii ftDtl SjrflilngliNi't method, It iiiTirhibly occupied firom eighteen to Iwentj 
hours to dry u rocMOi fhll of puper by u heating surfhee equal to 330 feet; whereas by 
the new method, the came amount of work is aooompliahed in four hours, and with a 
heating surfkoe of only 4G feet, or one seventh the area required by the former. 

•ViM.— For the purpose of drying silk, it has been usual to heat the drying chambers 
by large east-iron globular stoves, the heat obuined thus was equal to 120^ F., but 
eacessiTtly distressing to any stranger entering these apartments. 

In one arrangement 7000 enbie feet per minute are admitted at the above temper- 
aturo through small perforated iron plates, let into the stone door. As many as 3UU0 
pieces of silk an* sometimes sas|X‘nded at one time; and u etch piece of silk, when 
wet cuiitains about seven ounces of water, and as the operation of drying the whole 
(K'cupics but one hour, it follows that about 130 gallons of water are evaporated in 
that time. 

Krirns.— In Scotland and other places they now dry yams by modified applications 
of this process; and it it iudcHMl extensively used in bleaching establishments, in 
calico-printing works, &o. See Tran$artHmM of the Soeietjf uf Arte for 1847>fi. 

A URVINO uoiTSR is an apartment fitted up in a peculiar manner for drying calicoes, 
and other textile fkbrics. Mr. Southworth, of Sharpies, a Lancashire bleacher, obtaiiu'd 
a patent in 1H33, fur tlic fidlowin^ iiigcuious arrangement, which has been since gciie- 
rully adopu*d, with certain modifications, in most of our extensive bleaching and 
printing works. Fiff. 641, is a section of the drying-house, where a is a furnace and 
boiler tor the purpoisa of generating steam; g is furnished with a safety valve in tlu* 
tiibi* b, at top, and from this tube the steam main c passes down to the fltmr of the 
basement story. Fnmi tills main, a series of steam- pipes, as d d, extends over the surface 
of the floor, and fVoin them heat is intended to be diflusi^d for the pur|> 08 e of wariiiiug 
the drying-house. 

Along the middle of the building a strong beam of timber e e extends, and is 
siipiKirted by cast* iron pillars; from this lM*aiii, to bearings on the side walls, a scTics 
<»f rails are carried in a cretss direction, over Which rails the wet cloth is to be hung in 
folds, and the steam or evaporation omittt*d in drying is allowed to escape tlirough 
apertures or ventiliitois in the roof. 

The mode in which the cloth is delivered on to the rails, on either side of the beam 
will be best understcMxl hy reference to the delivering carriage, which is shown, with 
its rollers partly in Si’ction. 

The wet cloth is first to be coiled upon a roller, and then placed in the carriage, aa 
at/, with its pivots bearing upon inclined planes. The carriage is to placed at the 
eoininencemeiit of the rails, running upon the middle beam, and also upon the side- 
besriiigs or railways extending along the side walls of the building, parallel to aiifi 
iifioii a level with the same beam. It is made to travel by means of an cndJuiS band 
passing over two riggers g and A, in Jig, 604, and over pulleys and a band- wheel 
attached to the carriage, us will he explained. The rigger g, which moves this endless 
luuid, is actuated by lM*vel gear, scim at A, which is put in motion hy a pinion at the end 
of a revolving sliuR leading from a steam engine. 

In the same Jig., k A, is the endless band passing over a pnlley under the band-wheel, 
and over the pulley it, by which it will be perceived that the traversing of the band, us 
descrilM*d, would cau^e these pulleys and wheels to revolve. On the action of the band- 
w lieel »i, there is a drum against which the roll of wet cloth / presses, and as this dram 
revolves, the roll of wet cloth is, by its friction, made to turn in a contrary direction, 
and lu deliver off the doth on to the periphery of the drum, whence it passes over a 
roller and descends to the rails. lI{ion the end of the axle of the band wheel m, there 
is a pinion which takes into the teeth of the large wheel, and upon the axle of this 
large whivt then* is a pinion that actuates the intermiHliate wbesl which turns another 
toothed wheel. This last mentioned toothed wheel takes into cogsapon the side rail- 
way, and hence, as the train of wheels moves round, the carriage to which the wheels 
sre attached is slowly impelled forward. 

As soon as the wheels wgin to move, and the carriage to advance, the wet cloth 
begins to uncoil, and to pass down over the first roller ; a small roller attached to the 
carriage, as it posses over the rail in succession, bolds the cloth against each rail for a 
short space of timeyimd prevents it fhim slipping, by which means the doth descends 
111 folds or loop^N^**^^" thereby nsMe to hang in a series of folds or 

loops as shown in the figure. 

It will be perceived that as the pivots of the doth roller/ bear upon inclined planes, 
the roller will conttnuRlly slide down as the cloth diroinishes in bulk, keeping m con- 
tact with the drum, and delivering the doth firom the roller on to the several rails, as 
described. 

In order to atop the carriage lu any part of its coursei or to adjust any of the folds of 
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the cloth, t man ii uaulljr placed upon the platform traTelling with the oarriai^, orer 
which he haa perfoet eommaod. Thia apparatna may be alao employed for tahiog the 

641 
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minutes of (heir inoistuu , 'a ithout compression or heat Kelly, a dyer, and AIJiott 
a bleacher, hare since obtained a patent for the abore machine with improrementa* 
fiff. 642, represents a partial section of the machine, a, a, is the foame; n, the 
rvrtical shaft turning in the step a, fixed on the bridge 6. This shaft bears on its 
upper pan a friction cone c, from whicli it recellps its morement of rotation, as will 
be presently shown ; o is a drom containing two concentric companments d #, of the 
form represented in the figure ; tUs drum mores foeely upon the shaft n, and rests 
when it is not in motion upon two conical projections /, y, which form a part of the 
shaft. Theae two comparrmenta are each composed mainly of metal, and their 
sidea consiat of tinned iron wire cotied circularly at rery small distanoea foom each 
other, and soldered together crosswise by small strips of metal. The top which 
corers the inner compartment d, is securd by bolts and serewi to a circle of iron 
which retains the wire sides of the same me^ but that which serres as a corer to 
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the littki <)om|NiHinfnt in which alone the good* are placed, ia dispoie<l ao that it 
may he remoead with eaae, when theae are to he introduced or withdrawn. It ia 
furiiiahed with an onter and inner border, diaposed ao that when the top ia fixed the 
inner )>4>rder preatea uiMit the convex oirenmferenee of the central compartment, while 
the exterior Imrder fallii outaidc of the edgea of the other compartment. While the 
iiiaehtiie ia at work, the accund plate ia maintained in ita place hy piua or holta, not 
ahown in the figure. 

'Die aidea of the outer compartment d, are connected witli the bottom by meana of a 
pnihmgatioii of cima banda of metal which unite the wires and are riveted or soldered 
t > the two outer plates. The wires of the interior compartment an* attached by an iron 
lioop, to which they are riveted and soldered, and are united to the bottom plate by 
ineuna of a rim uiH>n this plate; a rim aoniewhat flattened upon the sides which are 
rivettHi and soldered. 

i>, is a regulator susptmded in the inner eompartment d, and whose two branches A, A, 
are loaded* These Iw’o hranchi'i. having room to play around the holta which starve as 
points of attachment, and which arc fixed to the upper plate, terminate in kneed 
brauchea whose extremities rest n{Km a rope j/, which projects from the shad, k, is 
an exterior envelope secured to the frame A, A. It enclosi's the whole drum except 
at top, and serves to catch the water thrown out of the goods. At y there is a stop 
ciH'k tV>r the disobiirge of this water, and the bottom contains besides the end of a pipe 
by w hich hot air is introditeed. 

'riiw vertical shaft li receives a movement of rotation and carries with it the drum. 
The more rapid this movement is the mort* docs the centrifugal force tend to exf.<‘l 
the water eoutained in the clothes or 3 aru to be dried, lint as this force might also 
<lisplacc the central shad, if the weight was not rightly distributed in the drum, and 
eiinse the dislocation of the mnohine when the great velocity reipiisite for quick 
drying is given to it, the regulator v ia tested to prevent accident. The branches 
of this regulator sprea<l w'i<ler the more the velocity is increased, and raise conse- 
cpiently the drum v uhove (lie conical enlargements, which permits the druin to be 
somewhat misplaced and to rectify its position conformably to the inequalities of its 
load, so that its centre of gravity may always coincide with its centre of rotution. The 
drum is connecteil with the shaft us is shown in r, leaving it free to take the requisite 
adjustment. To hinder it from rising too suddenly, a spiral spring A is fixed over the 
shaft immediately above the eoiru'al enlargement y. In order to maintain the equi- 
librium more certainly, the appurniiis is surrounded with a hollow crown r, lialf filled 
wdth water, and if during the revolution of the inuchitic the weight of the goods pro* 
doniinates on one side, that of the water which aceiimulates on the other Ride serves the 
more to conntcri>alnnoe it. The elTeet of this crown may be increased liy dividing it 
into two compartments or more, o, is a large jiipe by which steam or hot air is imro- 
dueed into the belly of the drum, which is pierced in this place with a great uumlKTof 
small holes to receive it 

'riie rotary movement is transmitted to the drum in the following way. 

t, is aeoni'eal dUc iiioiirited upon the extremity of a shaft x' which actuates the cone c 
and tlie shaft ii hy means of friction ; l' is a cone fixed upon the extremity of the shaft. 
K* I.® “ is anotluT cone of tlie same dimension, hut whose base fronts the top t>f the other, 
and which is placed on flic shaft K* ” coininamled by the prime mover. M is the belt 
which embraces the two cones, and whose lateral displuceiueot, effected b^ means of a 
fork, permits the velocity of the machine to he regulated at pleasure, n is the pulley 
which directly reoeivos the im>veiuent. In place of a single friction disc i, another 
may he einph)}ed, if judged necessury, and placed between the two, an additional 
friction pole, in order better to eqiiulise the friction. In this case the disc and addi- 
tional cone should turn freely upon their own shafts. We may also adopt another 
arrangement for the bottom of the vertical shaft. The shaft immediately above tlie 
step is surrounded hy a Kniso rim, around which a certain quantity of lead shot, or 
other granular matter, is contained in the rim in the box which serves for the step. 
The top of this box is pierced with an opening, into which, when the machine 
is at rest, a cord connected with the shaft sinks, controlled hy the shaft, and when 
the dnim is raiiied by the action of Jj^ regulator i>, this chord qaits its place, which 
iiliows the displace the shwa little, and to take a position conformably to the 

point of thcMm of gravity. 

Hut after all, great attention should be paid to the proper working of the machine. 
'I'hf re are many other drying machines used, some of which are described in the 
articles devoted to special manufactures. 

1>£TKIIM.\. A wood used in Guiana for masts, booms, and planking. It is 
very durable, inserts will not attack it, and it will square from 14 to 16 feet. 

L>KT()N ATU)N. Sec FrLMiNiTBs, for the mode of preparing detonating powder 
for the ‘percussion caps uf fire-arms. 
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DETRITUS; Je, fram, ten, lo rub. Ma-lw wont off rocki, kod dopotllrd in 
Talleys. 

DKUT()XIDF» literally means the aeooncl oxide, but ia usually employed to denote 
a compound eontaiiiing o atoum or two prime Talents of oxygen to one or more 
of a metal. Thus we say tleutoxide of copper, and deutoxide of mercury. Beraelius 
abbreviated this expreasiou by adopting the principles of the French nomenclaturo 
of 17H7 ; according to which the higher stage of oxldisement is characterised by 
the termination ir, and the lower by out. It is now rarely employed, 

DKVIL. The name of a spiked mill, used tn Yorkshire, for tearing woollen rags 
into fragments for the manufacture of SnonoT. 

DKVONSflIRE BATTS. A porous finegrained sandstone from the quarries, 
filHck Dow II ('liflFs. near Coliumpton, in repute as a grind**tone. 

DKVON.sHIHE OIL-STi)NE. This stone occurs near Huel Friendship Mine, 
about three miles from Tavistock, in the Devonian Slatea of that district. It has con- 
siderable local repute for sharpening all kinds of thin edged broad inatrunients i it 
has not, however, become an article of commerce.— * A’aiyA/, Ttant. Soetttjf qf Artt. 
DEW-HETTING. See Flax. 

I) EX TKI N. Starch Gum. There are throe modes of obtaining this from starch, 
vis , by torrefisetion, by the action nf dilute acids, and by the action of dmtUite, The 
imiuire dextrin obteined by roasting is term roatted ttareh^ or htfOMOM. British 
gum is prepared by carefully roasting wheat starch, at a temperature of 31)0® Pahr. 
Anorher method of preparing dextrin cousiats in moistening 1,000 parts of por..to 
muieli with HOU parts ot water, to w’hieh 2 parts of nitric acid have bt»en added. The 
iiDMiire is allowed to dry spontaneously, and is afterwards healed for two or three 
bom*. In a stove, at 212' Fuhr Dextrin in many of ns characters resembles or- 
dinary glim, but it is distinguishahle ftsim it by its riykt^/tanilod rotation oj a ray of 
plan* iujht,- hence its name and by its yielding oxalic acid, but 

not iniiiMC .leid, when heati'd with nitric acid. 

I) 1 VBAsr. One of the greenstone nn-ks, consisting of felspar and hyperstenc, 

.uigiie anti eldoritc- tVitta’s *' t'lassifiration of Bocks.” 

DIAC'TINK' LENS. -A name proposed to be given to the best ennstruotion of 
lens for the photographic camera ohscura It sliould bi* transparent to all the 
ehiiiiual r.iys, oi ratio r, a lens winch should unite the chemical and luminous focus 
111 Of e point 'J'he name has not lieen gcoierully adopted. 

J) l VLLAGE. lironttfe, Ifypet ^tene, and Sihlteri^r are often confounded nnder 
this name. The name is derived fr<im JiaAAa^^, difierence, alluding to dissimilai* 
el* avage. It is thin, foliated, and easily cleavable ; laminai brittle i colour, various 
shades of green, grey, and brown, sometimes bronze and pearly metallic. 

Of diullagi^ rook fine examples will be found m ur the Lizard Point, and beautiful 
ciyMals ot diallage are to be discovered in the Serpentine rocks near Cadgwitli, in 
tin* same locality. 

l)l ALYSI.*< Professor Graham applies this term to the separation of certain sub- 
hfaiicih by liquid diftusioii. For example, if a iiiixtiin* of gum and sugar is placed 
in a dialyser. vihirh is a puce of “paper parrhineut ” stretched upon a h<wq», and 
this floated in water, ihree-fourlhs of the sugar will pass through the nieiiibiane in 
twenty. tour hours, without a trace of the gum. See Watts* “Dictionary of 
I 'henut.try 

DIAM VtlNETlSM. 'As this term U becoming more gpueruUy used in our lan- 
guage, It ap}>ears necessary lo gi\e a definition of it, although it is not our purpose 
to enter on the eonsidetutioii of any purely physical subject. 

The term was introduced by Dr. Faraday, to express those bodies which did not 
act as magnetic bodies do If n and s reprcHcnt the poles of a horse -shoe magnet, 
any Iwr of a magnetic cli inieier, as iron, cobalt or nickel, hung up Wtween them^ and 
free to move, will by virtue ot me attracting and repelling polar forces, place itself 

64.3 ’ 
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along the line joining the two poles a b, which is called the magnetic uls. If instep 
of a bar of iron we suspend in the same manner a rod of glass, of bimMh, oc m 
silver, it will arrange itself e<|uatorial1y, or across the line a o, at shown by the 
line, r d. All bodies in nature appear to exist in one of those two coodinraa The 
prefix dia is used here in the same sense at in dia-meter. See Jjt La Rivet htee* 
fricitg, for a full explanation of all the diamagnetic phenomena. 

DIAMOND {fimmant, Fr. ; Diamnnt, Germ.) Experiment baa determined that 
VoL. n. C 
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thif Ix'iuUAil gtm ii a |M*culbr (ttflttimpir) condition of cari>on. By horning tlio 
(Imiiiofid In nxyi^ m «<* (>r«i«lucc carlMmic aeid ; and by eacltwing the gem in a 
mam of iron. aMauhIccting a tt> a atrong heat, the metal ii cnovertc»d intoitcei, when 
the diamond haa diiapp<«red. It liaa been shown that we can, by the agency of the 
heat of the eoltaie arc. convert the diamond into excellent eoke, and into graphite; bnt 
although portions of coke are found :o he sotficienily hard to cut gtavs, we hare not 
yet succeeded in making diamonds from coke. Sir Humphry Davy noticed that the 
t hareosi of one of the |>nlef of Mr. Children*! great woltaic lottery was considerably 
hardened, and he rega^iHl this as an advance towards the production of that gem. 
Kecently some expi'rimentH made hy u French philosopher have advanced the dis> 
covery another aiep: one of the [miIch of a voltaic hattei y being charcoal and the other 
of platinum, ti was found that the fine charcoal cfu'uping from the carbon pole and 
depositing itvelf on the plaiiiiuin pole was sufficiently hard to be used in the place of 
dminond for [Niltshiiig geimi. The formation of the diamond in nature is one of 
the piobleiiiN which *‘onr ptiiloMiphy " has not yet enabled us to solve. Time is an 
element wliieh enters largely into nature's works; she occupies a thousand, or even 
thoiiKtinds of }eurs to iimdace a result, while man in bis experiments is confined to 
a fi>w du}4. nr a tea }eurs at iiui^t. 

Although diuniomU have Urn oecasionally found in various parts of the gl<»bi‘, there 
are onl\ two ]ila<'eH whieh can be strictly named as diamond districts, a ptrtioii of the 
Indian PcniiiHuia and lirazil India hoii lurn celt^brated from the most remote unti- 
ipiit) as the country of diamonds. Its prinetpal nimi's are in the kingdoms of Oolconda 
and ViHiipour extiMiding from t'npe t'oiiionn to lieugal, at the foot of a chain of moun> 
lams called the fhuii, which iip|H‘ur to iMdongto the trap riK*k formation. In all tho 
liidiuii diamond muIs, flieie gents are no dis|MTsed that they arc ruredy found directly, 
even in search iiigl lie richest s|Mirs, iHraiise thev are cnvelofiod in an cm thy crust, w hich 
must n'lnoved lieforc they can 1 h* M<*t*n. I'hc stony matter is therefort* broken into 
pieces, and U then, as well ns the 1 (m)sit earth, washed iii basins scooped out for the 
purpose. Tlic gravel thus washed is collcctt*d, spread out on a smooth piece of ground, 
and left to dry. The diamonds are now iccogmsod by their sparkling in the sun. and 
are picked out from the stone. 

Diamonds ore also said to come fV<ini the interior of the island of Borneo, on the banks 
of the river Suecadan, and from the ihmiiumiU of M ilaeco. It is said the priiieipnl spots 
when* diamonds art* found are ncognistHl by tertum small flints, genemlly of a black 
colour, which lie upon the surface, and also b]i the )ellow colour of the stony soil. The 
ground ih dug in the pre^« nee of an overseer all Mones ubo\e r) carats, are claimed for 
the sovefidgn. Diamonds arc found tKcaHtuimll} mthc ri\rrs, bcldoiu however of any 
MIC. 

The diamond mines of Hruril were discovered in 1728, in the district of Serro-do- 
Frio, The ground m which they arc imlH*dded has the most |H*rfeet reaiunblance to that 
of the Bust Indies win re the dmmoiids occur. It is n solid or friable congloincram, 
eoiiststmg chiefly of a ferruginous sand, w hich encloses fragments of varioiis niugnitudc 
of }ellow and hlulsh quarts, of seliisrose, jasptr, and grains of gold disKcniinaitd with 
oligisc non orc,~nll mincmi matters different frtun those that constitute the neighbour- 
mg inoiiniuins ; this conglomerate, or s{M>cies of pudding-stone, almost alw a\s siiperflcial, 
oi'ciirs sometimes at a considerable height on the mountainous table-land. The most 
i'clebruted <liamond mine is that <»f Maiidarg.i. on the JigiUmhonha, in the district of 
Stf rro do- Fno to the north of Hio •! ntieiro. 'I he river J igituuhonha, thr<*c t inies broader 
than thb Sidne at Fans, and from 3 to 9 fimt deep, is made nearly dry, by drawing the 
water off with sluices at a certain season ; and the rmwa/Ao, or diamond gravel, is 
removed from the channel by various meehanical means, to be washed elsewhere at 
leisure. This cascalho, the same as the matrix of the gtdd mines, is cidlccted in the 
dry season, to b« seiix'hcd into during the rainy ; for which purpoM it is formed into 
little mounds of 15 or 16 tons weight each. The washing is earrieil on beneath tin 
oblong shed, by means of a stream of water adinitttHl in determinate quantities 
into lH>xt*s containing the cascalho. A negro washer is attached to each box ; in- 
S|MH*lor8 are pl acid at regular distaaces on elevated stools, and whenever a negro has 
found a diaiaaiipie rises up and exhibits it If it weighs 17^ carats, be receives 
his lilH>rty. HEiy precautions are taken to pri*vent the negroes from secreting the 
dumionds. Each sijuad of workmen consists of 200 negroes, with a snrgeon and an 
almoner or priest 

' The fiat lands on either side of the river are equally rich in diamonds over their whole 
turfaee, so that it btH'onics very easy to estimate what a piece of groand not yet waahed 
may produce 

It is said tUiit the diamonds surrounded by a greenish crust are of the water, 
or art* the most bmptd when cut The diamonds received in the different mines of the 
district, an* de|xisiied once a month in tlie treasury of Tejuoo ; and the amount of what 
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was thoa deliTarad from 1601 to 1806, maj be eetlmaled at aboat 18 or 18 thoaeand 
carats jier cooiaok 

Od tbe biOki of the torrent called Rjo-Paido^ there ii another mine of diamonds. 
The gronnd presents a great many friable rocks of pudding-stone, distributed in tnvgu lar 
strata. It is ehiefljjn the bed ^this stream that masses of casoalhooeottr,peeuliariy 
rich in diamonds, ney are mock esieetDcd, partieularly those of a greenish-blue colour. 
The ores that accompany the diamond at RiiKPardo dtibr somewhat from thoee of the 
Hashing ground! of Mandanga, for they contain no piaiform iron ore t but a great 
many pebbles of slaty jasper, lliis table land seems to be tery high, probably not less 
than 5,500 feet above the level of the sea. 

Tocaya, a principal vilbge of Minas* Mova^ is 84 leaguss to the n^h-esst of Tcjuco, 
in an acute angle of the eonfluenoe of the Jigltonhonha and the Kio-Qrande. In the 
lN*d of the streamlets which fall westward into the Jiftttonbonha, those rolled white 
topases arc found which are known under the name of rntnot motw with Bhut topates, and 
uquainarine beryls. In the same country are found the beantifol cy niopbanct or ohry- 
soberyis so much prised in llrasil. And it is from the cantons of Indaia and AbkSte 
that the largiwt diamonds of Brasil come ; yet they have not so pure a water as those 
of the district of 8erro-do-Frio, hui tnclixw a little to the lemon yellow, 

ft iH known that many minerals become pbosphorescent br beat, or etnmre to tbe 
Hiiu*A light Diamonds, it bss been said on doubtful autherity, posaees tnis property, 
but ail not in equal degree, and certain precautions most beobs^ed to make it mani- 
tVst. Diamonds need to be esposed to the sunbeam for a certain time in order to 
Ikuoine aelMuminous ; or to the blue rays of the prismatic spectrum, which augment 
fctilt more the faculty of bhiuing in the dara. Diamonds susceptible of phoaphoresceoce 
exhibit it either after a heat not raised to rednesa, or the electric discham. Many 
miuerais poisi-m the power of becoming eiectrioalty phosphoreacent, which do not 
appear to be affected by the solar raya Diamoods possess not only a great refractive 
(lower in the mean ray of light, but a high dispersive agency, which enables them to 
throw out the tiuMl varied and vivid eolourt in multipli^ directions. 

Diamoods take precedence of every gem for the purpoav of dress and decoration ; 
und hence the price attached to those of a pure water increases in sorspid a proportion, 
that, beyond a certain term, there ta no role of commercial valuation, l^e largett 
diamond that is known seems to be that of tbe Rijah of Mattan in the East Indicib 
It is of the purest water, and weighs 307 earati, or, at the rate of 4 grains to a carat, 
upwards of 3 ounces tro^. It is shaped like an egg, with an indented hollow near 
the smaller endi it was discovered at Landak about 100 years am } and though the 
poMession of it has cost several wars, it remained in the Aiattaolhmil^ for 80 years. 
A governor of Batavia, after ascertaining tbe qualities of the gem, wished to bs the 
purchaser, and offered 1 50,000 dollars for it, besides two war brigs with their guns and 
aiiimiinition, together with a certain number of great guns, aud a qaaatUy ox powder 
and shot. Hut this diamond possessed such celebrity in India, being regarded as a 
talisman involving the fortunes of tbe Kqjab andhisikmuy, that he reftiMd to part with 
it at any pdee. 

The Mogul diamond passed into tbe possession of the ruling fomily of Kabul, as 
hss been invariably affirmed by tbe members of that family, and by tbe Jewellers 
of Delhi and Kabul. It has bm 1^ both parties identiiled with tbe great diamond 
now known under the name of the Kou-i-Kooi, or moimlam of light, — which was 
displayed by iu present proprietor, her Mglesty the Queen, at the Great Ezhahition 
in 1851. 

The diamond denominated tbe Koh-i-noor, or Mountain (kob) of Light (noor), 
baa long enjoyed both Indian and European celebrity, and him according^ been the 
subject of traditiooarv Able, as well as historical record. 

According to Hindu legend, it was foond in tbe minfi of tbe south of India in the 
days of the Great War, the subject of the heroic poem, the JffaWMa'rafo, and was 
worn by one of the wirriors who was slain on tliat occasion, Kama, king of Angai 
this would place U about 4000 Tears ago, or 2100 8.0. A long interval neat mshee 
H the property of Vikrmmaditya, the raja of Mjayin, 56 B.C,, frcmi whom it 
descended to hia foccesiors, tbe nuahs of Milwa, nntil the prineipality wae sahverted 
by Mohamedan eonquerort, into whose bands it feli, with oUier spoils of Infinite value. 

Whatever may be thought of the legend which givessohigh in antiquity to the Koh- 
i-Noor, we might espeet eome more trustworthy information when we eome down to 
low as tbe beginning of the foorteenth century } Malwa having been invaded and 
overran by the armies of Ala>ad-din, the sutlan of Delhi, in 1806, who, neeqrdlng to 
the auiobumraphy of tbe saltan Baber, acquired the jewel. That it did beuoine the 
property of the saltanus of Delhi is little doabtfol, bnt when or bow is natter of some 
nncertainty, although the gronndi of tbe difficulty hkve not Utticrlo been invcitignted. 

C2 
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In 106ft McNift. J«Mi Baptifte T^vmutT, an rnterprlriag and ioU»llig«nt traveller, 
and an eininent Jeweller, althoitirh Ecoyer, llaron d'Anboime, vialted India especially 
to purchaM* diamonds. His prufeuion a^ his personal ehaiicter seem to have re- 
roiiiiiiended him to the favourable attention of the nobles of the court of Delhi, and 
hiffut as he was, of Aurangseb himself, by whose commands Hons. Tavernier was 
IMTiiiitied to insnect, handle, and weigh the jewels of the imperial cabinet. Amongsi 
them was one which far surpa^ed all the rest in aise and value. Tavernier descrilws 
it as rose-cut, of the shape of an egg cut in two, of good water, and weighing 319^ 
ra/is, which, he says, ia equal to 980 of our carats. 

There ia hut little dmiht tliat the diamond examined by Tavernier in the Delhi 
('ahinet waa the Koh*! No<ir. Haber, the Mogul emperor, obtained a diamond, eor- 
retponding exaetlv with this, and it passed eventuallv into the possessirm of the ruling 
family of Kabul Nadir 8hah,on his occupation of Delhi in 1739, compelh^d Mohammed 
Shah, the great-grandson of Aursngaeh,to givenp to him ever} thing of value that the 
imperial treasury posscued, and his biographer and secretarv specifies a ptMasK, or 
present, by Mohammed Shah (o his conqueror of several magnificent diamonds. 
According to the faintly and {Mipular trad'tion MohanimtMl Khah wore the Koh-i-Noor 
in front of his turban at bis interview with his conqueror, who insisted on exchanging 
turbans in proof of his regard. However this might have been, we need have little 
doubt that the great diamond of Aurangaeb, was in the possession of Mohaniined 
Sliah at the time of the Persian invasion; and if it was, it most certainly changed 
inast<‘rs, and became, as is universally asserted, the propertv of Nadir Shah, who is also 
said to have Iwwtowed ufion it the name <tf Koh-i- Noor. Aflcr his death, the diamond 
which he ha<l wrested from the unfortunate representative of the house oi Tinmr, beeaiiie 
the propt>rty of Ahmed Shah, the founder of the Abdali dynasty of Kabul, having been 
given to him, or more prolmhly taken hy him, from Shuhrikh, the young son of Nadir. 
The Jewel descendetl to the lucicssorsof Ahmed Shah, and when Mr. Hlphiustone was 
At Peshawur. was worn h) ShahSln^'a on his arm. Whim Shah Shuja was driven from 
Kabul, he luTarne the nominal guest and actual prisoner of Runjet Sing, who spared 
neither importunity nor menace, until, in 1813, he comjMdled the fugitive monarch to 
resign the precious gem, presenting him on the occasion, it said, with a lakh and 
9A,<mh) rupees, or about. 12, 000/. sterling. According to Shah Shiga’s own account, 
Imwevvr, he assigned to him the revenues of three villages, not one rujiceof which he 
ever realised. Rutijel was highl} elated hy the acqlli^itlon of the diamond, and wore 
it as an armlet at all great festivals. When he was dying, an attempt was made by 
persons about him to twiwuade him to make the diamond a present to Joganuuth, 
and It is said that he intimated a^MUit by an iiicUnation of his head. The tnmsurcr, 
however, whose charge it was, refused to give it up without better warrant, and 
lluiijet dying lad'ore a written order could be signed by him, the Koh-i-Nonr was 
preserved for awhile for his successors. It was occasionally worn by Rburreuk Sing 
and Shu Sing. After the murder of the latter, it remained in the Lahore tn*ai>ury 
until the Kii|K>rees.>i<m of Dhulip Sing, and the annexation of the Puqjauh by the 
Jlritish (Riverninent, wIkmi the civil authorities took jiossession of the Lahore trea^mry, 
under the stipulations previously made, that all the property of the state should he 
ooufiscafed to the Last India C'ompuiiy, in part payment of the debt duo by the Lahore 
government iiud of the expenses of the war ; it was at the same time stipulated that 
the Koh i-Noor should be presented to the Queen of England. Such is the strange 
history of eerruinly one of the most extraordinary diamonds in the world. After the 
(''oiiipnny became possessed of the gem, it was taken in charge by l.ord Dalhousie, 
and MUit by him to England in custi^y of two officers. — HunVt Handbook o/t/te Great 
JSxfubttum of* 1 1 . 

As exhibited at the Crystal Palace in Hyde Park, the Koh-i- Noor weighed 186^^ 
camti. 

The form of the Koh-i-Noor is given in Jig, 644. p is a large plane at the base of 
the diamond which is a cleavage plane, p, also a large cleavam plane, producc‘d by 
a fraetun* ; this had not been polished, and being inclintnl to Uie plane p at an angle 
of 109^ 88't 8 satisfactory means for determining the direction of the cleavage 

planes of thq||||^. A shows a flaw running parallel to the cleavage plane f. This 
constituted the principal danger to be apprehended in cutting the stone, and was most 
skilfullv ground nearly but before any of the fheets were cut. This flaw seemed to 
proceed iVom a fbicturc marked n. c and x were little notches cut in the stone for the 
purpivse of holding the diamond in its original setting ; M a small flaw which almost 
retpiired a glass to see it, evidently parallel to the plane p ; x> a ftticture from a blow 
or fall, showing at its baM a cleava^ plane— TVannn/. 

This.fine diamond did not posseu that high degree of brilliancy which was expected 
fri>m its great reputation; it was consequently submitted to Messrs, tfarrard to be 
fwcut. In the operation the weight was nduced more than one-third, but its brilliancy 
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« M greatU improt^. Th«* prcieot itate of the Koh-i-Kooriiiliowii in/lgi. 645 and 
6 lb. Scv'Diahond-cuttinu. 
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\(tor th‘h genu the next aro:- I. That of the emperor of Ru8&ia, bought hy the 
Lit <mpreM i^Htharine. \ihich ^(‘ighs TM earntiu 1( i» said to be of the si/c of a 
pitfMtn's egg, ainlto have h«>en bought for 90,000/ , besides an annuity to the Greek 
iu4'r. ham of 4 >>00/. It is leported that tlic above diamond formed one of the e>es of 
ttie fiiiiioiia statue of Shengan, in the temple of Rramn. and that a KiHneh grenadier, 
VI ho had deserted into the Malabar service, found the means of robbing the pagoda of 
this precious gi'Ui, and esc»]KHl with it to Madias, where he disposed of it to a ship 
captain for 2.0(K)/, who resold it to a Jew for 12,000/. From him it was transferred 
foT a large sum to the Greek merchant. 2. That of the emperor of Austria, which 
weighs 139 carats, and has a slightly yellowish hue. It has, however, been valued at 
100 , 000 /. 3. That of the French State, called the Regent or Pitt diamond, reninrkablu 
fur its form and its perfect limpidity. Although it weighs only 1.36 carats, its line 
qualities have cau^eii it to be valued at 160,000/., though it cost only 100,000/. 

'I'hc largest diamond furnished by Brazil, now in possession of the Crown of Portugal, 
wciehs, according to the highest estimates, 120 carats. It was found in the streamlet 
of Alxiite, in a clay-slate district 

Diamonds possessed of no extraordinary magnitude, but of a good form and a 
pure water, may be valued by acerrain standard rule. In a brilliant, or nise diamond 
of regular proportions so much ts cut away that the weight of the polished gem docs 
not exceed one-half the weight of the diamond in the rough state; whence the value of 
a cut diamond is esteemed equal to that of a similar rough diamond of double weight 
exclusive of the cost of workmanship. The weight and value of diamonds is reckoned 
by carats of 4 grains each ; and the comparative value of two diamonds of equal 
qtial ity , hut dlflbrent weights, is as the squares of these weights retpecti v el} . The aver- 
age price of rough diamonds that are worth working, is about 2/. for one of a single 
carat ; but as a polished diam'md of one carat must have taken one of two carats, its price 
in the rough slate is double the square of 2/., or 64 Therefore to estimate the value 
of a wrougBt dimond, ascertain its weight in carats, double that weight, and multiply 
the square of this product by 2/ H€n6e,E wrought diamond of 
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beyond whidi weight tbe price can no longer rite in this geometrical progreWion, from 
the tn^l nuraberm purchatersof such ezp^sive toya A very trifling spotor flaw of 
any kind lowcn exceedingly the coBunereial value of a diamond, 

Diamonda are used not only as decorative gema, bnt for more uaefhl purposea, as 
for cutting glam by the glasier, and all kinds of hard stones by the lapidary. 

On the stmeture of the ^asier's diamood wt possem some my latersstliig obserr- 
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•lion* md rviWctkMM bjr Dr. WoHatton. Ha renuurka, that tha hardatt rahatanecfl 
briMiKht 10 a tbiirp poiat aerateh glaaa, iadcad, bni do not eat it, and that dianeuda 
alone pooMMNMMl Ibat property s which be aacnbee to the peculiarity of iti er^'etalliaation 
iu roiiodcd ftaaa, aad carviltnear edgea. For glau-catting, tboee rough diamanda are 
alwaya aelcctad whieh are abarplv cr^alalltaed, hence calM diamond aparka ; bat cut 
diamonda are aaver uacd. The laelination to he given to a aet dianood in cuttinpc 

{ flaea ia etimpnaed within very narrow limitn ; and it ought, moreorer, to be moved 
n the direction of one of ita angleii. The currilinear cm aiming the curved tacea, 
entering at a wedge into the fhrrow o|iciied up by itael^ thua tends to separate tin' 
parts of the gUuai and in order that the crack which eauaca the separation of the 
vitreous partTeles may take place, the dtatnond mutt be held almost perpendicular u> 
the anrftuM of the glaaa. The Doctor proved this theory by an exponnient If, by 
ouiiable cutting with the wheel, we make the edges of a spinel ruby, or corundum- 
tclesie (sspphin*)* curvilinear, and the adjacent faces enreed, these stones will cut glass 
as well as a glaiier's diamond, but being less hard than it, they will not preserve this 
property so Tong. 11c found that upon giving the aurfime of even a fragment of flint 
the aaroc shape aa that of the cutting diamond, it aci{uircd the same prqicrty ; but, 
from Ita relative softness, was of little duration The depth to which the fissure 
eaus<*d by the glaaier’s diamond penetrates does not seem to exceed the two-hundredth 
of an iiieh. 

The following remarks by Mr Tennant cannot fail to be nf interest, and, as pointing 
nut the errors whieh have been frequently committed through ignorance, of great 
value. 

** ily Mttenditig to the forms of the crystal, wc are quHe aure that we ahall not find 
the emerald, aapphire, aireon, or topaa in the form of a cube, octahedron, tetrahedron, 
or rhombic dodcculn*<lron ; nor the spinel, or garnet in that of a six sided 

prism, aud so on with other gems. For want of a knowledge of the crystalline fonti 
of the diamond a gimtleman in California offered 200/. fora ainall s[»ecimcnof quartz, 
lie knew nothing of the aubatance, except that it was a bnght ahining mineral, exces- 
sively hard, not to be scratched by the file, and which would scratch glaas. Pre- 
suming that tlieai* qualities belonged only to the diamond, he conceived that he was 
offering a fair price lor the gem $ but the owner declined tbs* ofler. Had he known 
that the diamond was never found os a six-aided prism, tenninatiHl at each cud by a 
•ix-stded pyranihl, he would have liceii able to deUsri the fhet that what he was oflerid 
2041/. for, was really not worth more than half a crowu **— Irnmnfa Ltvtun on (irms. 

The accompanying forms may serve to guide those who arc ignorant of crystal- 
lognpliy . 
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The following tiHihnirtl terms Mtc applied to the different facet of diamonds: — 

; the upper sides and comers of the brilliant, lying between the edge of the 
table and the ginllc. 

the small horiaontal plane or fbcc, at the bottom of the hriHiant 
i 'romn : the upper work of the rose, which all oentrea in the point at the fop, and 
\s Nninded by tha^risootel ribs. 

Fateis : amalfPIngalar facts, or planes, both in brillianta and fetes. In bnUianU 
there are two sorts, sdeis or sAi/Mkccts. and f/nr-fheeta. Skill-fimeU art divided into 
upper and mniler. Upper akitt-iaottt art wrotght on the lower ptit of the bexil, and 
terminate in the girdle i under-skiU faoets are wrought on the pavUioni, and tenninate 
Id the girdle; star -fkeeta are wrought to the apperptriof tbebtiiland terminate in the 
table. 

Oinile : the line which tnoompaMSS the stone parallel to the horisoo t or, which 
determines ibe greateat borisontiu expansloo ii the stone. 


DIAMOND-CUTTING. 


sa 

Lo2en^9 i htff common to brtilianu and mtes In briUiantM thcjr are formed hy the 
iiv^etinyc'uf the akiU and star-facete on the bt'sil. In nmM by the meeting of the fat*vta 
111 iho horiioutal rilm of the rmwa. 

/VioilioiM; tUe under sides and coroen uf lying between the giidle oinl 

the collet, 

J<ib9: the lines, or rulges, which distinguish the several parts of the work, both iii 
bt tl Hint* Slid rrwrs. 

Tablt ; the large horisontnl plane, or fiee.at the top of the Ari/hant 

/if/* rcfirest'iits a brilliant, and Ji\f. 6.^0 a nwe cut diainoiuL 

The rohe diamond it flat Iwneath, like all weak atmuHi, while the np|)er face rists 
i ito tl dome and cut into facets. Most usually six fueeli are put on the ceiitr,!! 
r'gioii winch lire in the form of triangle^ and iimte at their suniiiiits } iheir haaes 
nlmt ii(K)ii imother range of triangles, which being set in an inverse position tf> the 
prceeiliiig, present their bases to them, while their sumiiiits terminate at the sliai p 
margin of the stone. The latter triangles leave Spares between them which are like, 
w se cut each into two facets, lly this dUiri button Ihu rose diamond is cot into 

facets; the surface of the d amend being divided into two portions, of which tin* 
iipfMT IS called the crown, and that forming the contour, beneath the former, is called 
tltHtfilr (lace) by ibe French aitists. 

According to Mr. JclTcncs, in his Treatise on Diamonds, the n^gular rose diamond 
is foriiusi by imuriinng n n^giilsr octagon in the centre of the table aide of the atom*, 
and bordering it hi eight right angled triangles, the buses of which corres|ioad with 
tl e sides of the octagon ; he)oiid these is a ebuiu of 8 trHi>eiiunis, and another of 
I'i triaiigli'K The 4‘olU‘t side also consists of a minute central octagon, from every 
angle of w Inch prm'i'cds a ray to the edge of the ginlle, fanning the whole surface 
>1 i«i 8 tni)H /nniis. each of winch is again subdivide by a salient angle (whose ajics 
to iches (In ginllo) into one irrt'gular {KMitt^ron and two triangles. 

To fashion a rough diamond into a brilliant, the ftiwt step is to modify the faces of 
rh ‘ ivrip'iis) octahedron, so that the plane formed hy the junction of the two pyramids 
li.dl be nil 1 \ai t b4|uare, and the axis of thi. crystal prccisidy twice the length of one 
ot the sides of the square. The iKTahcilron being thus rectified, a section is to Iw 
111 ide (mrallcl to the common base or so os to cut off .5 eighteenths of the whole 
height fnim the upper p> rainid, and i eighu*enth from the lower one. The superior 
and larger )danc tliiiH produced is called the table, and the inferior and snisller t>De is 
calh-d the ntlirt; in this state it is termed a eowfilftr infuare tablt diamond. To convert 
It into a hnlliant, two truiigulur facets are placed on each side of the table, thus 
cliunging it from n square to an oi*t:igon; a losengc>shaped facet is also placed at esdi 
<d the four corners tif the table, and another loacnge extending lengthwise along the 
M hole of eaeh side of the original square of the tabic, which with two triangular facets 
S 4 ‘f on the base of each lozenge, completes the whole number of facets on the table 
side of the diamond ; viz. 8 lozenges, and 24 triangles. On the collet side are formed 
4 irregular {N'litagons, alternating with as^ many irregular lozenges radiating from 
the colirt ;tv a c< ntre, and bordered hy Id triangular fbccts adjoining the girdle. The 
hrilliani Ysdng thus com plcti*d, is set with the table side iipperiiiost, and the collet side 
implanted in ihe cavity made to receive the diamond. The brilliant is always three 
times as thick as the rose diamond, lii France, the thickness of the brilliant is set 
off into two unequal portions ; one third is reserved for the up])cr part or table of the 
diamond, and the reiiiaiiiiTig two thirds for the lower part or collet (cuA/ssr). The 
table has eight planes, and iu circumference is cut into facets, of which some are 
triangles and others lozenges. The collet is also cut into facets called juivilUmt, It 
is ot coDs^Hiuence that the pavilions lie in the same order as tlie u|ij»er facets, and that 
they corri*f»pond to each id her, so that the symmetry be perfect, for otherwise the 
play tif the light would (ulsc. 

Although the rofe-diaimuid projects bright beams of light in more exteosire propor- 
tion often than the brilliant, yet the latter shows an incomparably greater play, from 
thf dilference of its catling. In executing this, there are formed 32 fkces of different 
figures, and inclined at ditfercnt angles all round the table, on the upper side of the 
stone. On the etJdet (eulasse) 24 ocher faces are mode round a small table, which 
converts the enJasse into a truncated pyramid. These 24 ikeeta. like the 32 above, 
are different' y inclined and present different figures. It is essential that the faces of 
the top and the bottom emreapund together in saffioiently exact proportiona to mnlti- 
I»iy the refleetioos and relVaotiona, so at to prodnee the colours of the prismatic 
ajNetmm. 

D1 AMONDB, fitmtf of. Although the diamond is the hardest of all known suh- 
stanees, yet it may be mlit by asteel tool, provided ablow be applied ; but this requires 
a per^ knowledge at the stmetore, beeaose it will only yield to sock means in eeitain 
directiona. This dfeninstaiiee prevents the woifanan from forming fneettes or planes 
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hy Uif ffn»m of ipliltinff % li<> it lb<‘rcft>re ohli|^«>U (o reiktrt to the prnecfn 
III ithruttoH, if tcobnietilj rtlit^ rutting 'Tbo prncrti of rutting it rtliTtriJ hy 
fixing thr digmortd lo \w cut on the riul of a tficfc, or luntllv, in a iinall ball of 
n•tnl•n^ thab^ri which it to he lediiectl bong left to proji^'t Anoihcr dtamoud >f 
ttliMilixi’ii 111 a timilar manner ; and the ti^o ttoni*ii bring rubbl'd aguinvt each other 
uith roiiaiderahl* fon-i*, they are niuitially abraded, flat tuifiiceR. or farrtten. Ih ing 
tlierili) |iroduced. Other facettei are foimed hy titiftitig the diamondh into frenh 
|l•l•kt(lonx in till' eement. arid when a tiitbeient number are proliieed. they are fit for 
[l<llI^hlllg. 'Die atonet. when cut, are flaed for tint piir|>ote, hy iinbi'dding Iheni iii feOi\ 
milili r. eontainid iii a tinull copiier cup, the part or facette tu be polithed being left 
to profiiidet 

A flal cireular plate of c;iat<iroii it then ohnrg»d with the ]K>wder produced during 
the MbraNion of the diaiiiondiit and b> this ineaiii> a tool it funned which is eaimhle of 
ptiidneiiig the exipiiHite lubtre no much adtnired on a finely |Kdiblied gem. I httbc 
dinmondH that are unfit for working on aivotint of the inipi^rlVction of their iuvtie or 
inliMir. aiX' aold. for various purp<Nk‘s, under the ti'elinicul name of Bort. Stoms of 
tliiN kind an* frequently broken in a tUvl tiiormr. hy repeited btowR, iint.I tlu'i are 
leihieixl 10 a fine fHiwder, which is uM*d to charge uieiiil plates of \arioux kiiuls. tt>r 
tiie line Ilf jewellcrh, lapidaries, and othert. Bort, in this state of pteparatuir, is 
iiKtipiihie of ixilisliing any gems; hut it it ttted to produce flat surfactson ruhukai *l 
Ollier precioiit btones 

Kine lit dis arc made of smtill splinters of hort, which arc used for dnliing small Im.i . 
in nihicH. and oilier liiinl btones, for the iiw* of wntch-jewcllerh, gold and silver w iv - 
dr.iwers, and oihcrH who rcqmie \cry fine holes drilled in sueh Hllh^t:lllceb. I'Ikm 
drills are also used to pierce holes ill ehiiia, where riiels me to he imaMtid ; nKo Uir 
purciiig hotel III urtifli i*il enamel teeth, or any vilriKHis suh'itanees howevei hanl. 

The lollowiiip deseriplion furnibhed to Mr. Teiinniit, by Messrs. (Iiirrard. of the 
cniting of the Koh i-iioor w ill fully cxphitn the peculiar eoiuliliont of the ptiK< •% 
iiiid also show that there arc some lemarkabir dilfenncos in the physical condition of 
the gem ill its dilfereiit plutiob. The lettirs refer to the cut of the Koh>i'iioot,iirlule 
|>ia!Mom>.,AV fi44. 

*' 111 culling diimiondt from the rough, the )»roeeas is to uncertain that the 
cutters lliink UienuieUes fortuniitc in retaining one-half the onginul weight. Ihe 
Koli'i-iioor, on its arrival in Bnglaiid, was merely surface cut, no ntti'inpt haung h< iii 
made to produce (he regular form of a brilliant by which alone lustre is ohlumed By 
reference to the flguris, which are the exact sue of the Koh i«noor, it will Ih> dearly 
understood that it w.is neee«isary to remove a large portion of the stone iu order to 
obtain the desired efl'ect, by which means the apparent burfaco wtt lucreuted rather thta 
diiiiitiibhed, Olid the flaws and yellow tinge were ruiunixl. 

** The pixM'Cbs of diamond cutting is ctlected hy an horizontal iron plate of about 
ten iuehes diameter, called a M'hy/, or mi// wliioh revolt cb from two thonaand to three 
tluHl^aud times pi*r iiiiiiute. The diamond it fixed in a hall oC pewter at the end of 
nil arm. retting u|>oii the table in which the plate revolves t the other end, at which 
the ball eoiitaiiiiiig the diamond it fixed, it pressed ufKio the wheel by movable weights 
nt the discrctioii of (he workmen. The w eight apnlied varies from 2 to 30 lbs. accord- 
ing to the site of the facets intcndcil tu lie cut. The recuttiug of the Koh-i-noor was 
coiiimeiict>d on July 16, 1352, Ilia Orace the late Duke of Wellington being the first 
|H‘rsoii to place it on the mill ; the portion first worked upon was that at which the 
planes P and r meet, as it was nectwsary to reduce the stone at that part, and so to level 
the set of the stone liefurc the table could be formed ; the intentjon being to turn the stone 
rutlicr on one side, and lake the incision or flaw at b, and a fracture on the other side of 
the stone, not shown in the engraving, as the boundaricf or sides of the girdle. The 
next iiiiportaut step was the attempt to remove an incision or flaw at c, described by 
Professor Tennant and the Rev. W. Mitchell as having been made for the purpoiu* of 
holding the stone more firmly in its setting, hut pronounced by the cutters (afler having 
cut into and examined it) to he a natural flaw of a yellow tinge, a defect often met with in 
small stones, *J*he next stra was cutting afscet on the top of the stone immediately abo« e 
the last mentioned ^w. 1 fere the difference in the hnrdinets of the stone first maui tested 
Its* If; tor whimlipngthis Ikoet, the lapidary notieing that the work did not proceed so 
fsst as hitherto, nEired the diamond toreroaiii on the mill rather longer than usual, with- 
out taking it off to cool ; the cont^ufoee was, that the diamond became so hot fixim tho 
continual friction and greater weight applied, that it melted the pewter in which it was 
Rubedded. Again, while catting the same facet, the mill became eo hot fVom the ex- 
treme hardiiess of the stone, that particles of iron mixed with diamond powder and 
oil ignited. I'he probable cause of the diamond proving so hard at this part is, tlmt 
the lapidary was obliged to cut directly upon the angle at which two cleavage planeo 
meet, outtFng across the grain of the sttwe. Another step that wu thus considered In 
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ht importiot hy the cutten r^moTing a flaw ato. This flaw wm not thought hy 
TrofeiiBor Tennant and Mr. 5titcheit to he dangeroua, became if it were allowed to run 
nccorilidft to the oleavage, U w niAl only take off a email piece, which it wae neceicbrj 
to remoTC in order to acquire the present shape. The m.tteri, however, had an Mea 
that it might not take the deaired direction, and, thereflire, began to cut into it from 
liotli sides, and afterwards directly upon it, and thus they succeeded in getting rid of 
it hde cutting, the stone apm>nred to become harder and harder the ftirther it was 
cut into, c<tp(*cially jusf above the flaw at a, which p<«rt heeanie so hard, that, after 
%iorking the mill at the nu>duim rate of 24(KI times per tniiiuii*, for sia hours, little 
impressioii had been made; the speed was therefore inrrt^ased to more than 8000, at 
uhich rate the work gradually proceeded. When U^e back (or former top) of the 
ntonc was cut, it proved to be much softer, so that a fkeet was made in three hours, 
whu h would have occupied more than a day. if the hardness bad been equal to that 
on the other side; nerertheless. the stone after wards became gradually harder, especi- 
ally underneath the flaw at A, which part was nearly at hanl as that dmTtly almve 
It ' 'Phe flaw at N did not interfere at all with the ettlthigk An attempt was made to 
cut o'lt the fl*iw at A, but it was found not dcsirabla on account of its length. The 
diamond was tini'dit'd on Septeinlier 7th, having taken thirty*eight dare l«> out, working 
iMt h'l hours per day without cessation.** The n eight of the Kofa>V^oor since oiit- 
tnig IS carats. 

I>IaS14)NI> KOHON. mm. Wohler and Dcvil'e have, hy fnsing boraoic acid, 

• 'I .111101 p'loiis Ixmui, with aliiniiiiium, succciHled in idunining horon in the erystallisiul 
N »tc **The fumt of the boron cr}Hf.iU thus obtained has been the subject of a 
I markable iiii|Uir} hy M Qumiiuo Stdla 1l{<« results approximate this substance to 
dicMiiond ; find ii mil} he eoiifidentl) predicted that so valuable a product will not long 
1 iiihin without iadustri.il applications.'* SuUg Jbrm$ crhtaUkM dt ahunt nah di 
ft fit ik)ro adumintino. Dr. Hoffiuaii*s Report on Chemical Products in 
tiiM Kxhihoion of l*t52 " 

DI \ .MONl> nrs1\ The list* of diamond dust within a few ycari has increased 
>et y inaietiall}, on account of the increased demand tor all articles that are wrought 
h\ it, such ns cuiueoii, intaglioa, tkc. There has been a discoverv made of the peculiiir 
p«iwi r of diamond dust u|tou steel ; it gives the finest edge to all kinds of cutlery, and 
It lh^ atciiHl at one time to displace the hone of Hungary. Finely |iowdered corundum, 
howe\er, now oroupua its place. It is well known that in cutting a diamond, the 
dust is placetl on the teeth of the saw — to which it adheres ; to this dust is to be 
at nhuted solely th« pemcrof man to make brilliants from rough diamonds. 

Diamond dust can now be manufactured by the agency of voltaic electricity. 

l)lA.MOND MR'itOSCilPES were first suggested by Dr. Goring, and have been 
well executed hy Mr. Pritchard. Among the different crystalline forms of the 
diamond, probatdy the octahedron and the cube are the only ones that will give a 
single \ ision It w ill, in many cases, be advisable to gt ind diamond lenses plano-con- 
vex, both lierause this figure gives a low spherical aberration, and because it aaves 
the trouble of grinding one side of the gem. A concave tool of cast iron, paved 
with diamond powder, hammered into it by a hardened steel punch, was employed 
Mr. Pritchard. This ingeniooi artist succeeded in completing a donhle convex 
ot equal railii, of about of an inch foeni^ bearing an aperture of ^ of on inch with 
distinctness upon opaque olyects, and Its entire diameter upon trans^reut ones. 

DI A MONO TOOLS. 1 . The Glazier*e diammd is the natural diamond, so see that 
one of Its edges is brought to bear on the glass. 

The extreme point of any diamond will ecratch glass, makinga white streak ; but when 
the rounded edge of a diamond is slid over a sheet of glass with but slight pressure, 
it produces a cut, which is scaicely visible, but which readily extends through the mass. 

Dr. Wollaston succet diHl in giving to the ruby, topas, ana rock crystal forms similar 
to those of the diamond, and with those he succeeded in cutting glass ; proving that this 
useful property of the diamond depended on its form. Although the primitive form 
ot the diamond ui that of a regular octahedron, the Duke de Bonrnon has published 
upwards of one hundred forms of crystallisation of the diamond. The irregular octa- 
hedrons with fonnd ikccts are those proper for glasiers* diamonds. 

Notwithstanding the hardness of the diamond, yet, in large glass works, as many as 
oae and two downs are worn out every week : from being convex, they become rapidly 
concave, and the catting power is hist 

8. Dmomd are made of various shapes t these are either ftnnd amongst im« 
perfect diamonds, or, are selected from fhqpnents split off flwm good stones in their 
manofseture Ibr Jewelling. 

DIAPER is the name of a kind of cloth, nsed chiefly for table linen. It is known 
among the French hy the name of lot/s /oarH, iMld is oruamented with the most exten- 
sive iiipirct of any tdnd of tweeled cloth, ea^eptbg damask. The mounting of a loom 
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for working dtuMr U. In |winei|>W, much the s«iie,u • draw-looin, but the agurrt bring 
lem oitmtve, wo mounting ii morn timpte, and k wrought entirely by the weaver, 
without the aid of any otter pernou. Ae tweeled clothe, ^any number of leaYoe, arc 
only iotorwoven at thoee intenrab when one of the leaTca U raiaed, the « oof above and 
the warp below are kept doatiug or fluehed, until the Interaeetion take# place. Of con- 
eequence the floating yam abc^e appears across the fabric, and that below longitudi* 
nally. This property of tweeled cloths is applied to forai the ornamental figures of 
all kinds of tweeled goods, merely by reversing the floating yam when necessary. In 
the simpler patterns, this is eflected by a few additional leaves of treddles ; but when 
tile range of pattern becomes too great to render this convenient, m apparatus called a 
bark Anmess is employed, and the cloth woven with this mounting u called diaper. 
Diapera arc generally flve-teaf tweels, that is to say, every waip floats under four 
Uin^ads of woof, and is raised, and of coutse interwoven with the fifth. This is done 
cither successively, forming diagonals at 45^ upon the cloth, or by intervals of two 
threads, which is called the broken twee). The latter is generally, if not universally, 
adopted in the manufteture of diaper. The reason of preferring the broken to the 
regular tweel, where oraaments are to bo formed, is very obvious.^ The whole depend- 
ing upon reversed flushing, to give the appearance of oblique or diagonal lines through 
either, would destroy much of the effect, aud materially injure the Iwauty of the fabric. 
The broken twoel, on the contrary, restorers to the tweeled cloth a great similarity of 
appearance to plain or alternately interwoven fabrics, and at the same time preserves 
the facility of producing ornaments by reversing the flushing. 

1)1A8TAS& A white and tasttdtws substance, obtained by moistening pounded 
malt, and squeeaing the water through a bag. Albumen is precipitated from the turbid 
fluid by alcohol, and filtered. Then the diastase is precipitated by an additional quan- 
tity of alcohol, and purified by re-solution and re-precipitation. One part of diastuso 
wul convert 9000 parts of starch into dextrine, and lOpO parts into sugar. 

DICHIIOISM. The property of exhibiting two colours. Many of the phenomena 
belong to the conditions producing Fluorescence, which see. Some of the pheno- 
mena rave been referred to polarisation, but this requires examination. 

DIDYMIUM (l>i). A metal discovered by Mosandar, in 1841, in atith of cerium, 
and so called as being associated in that ore as a twin brother with lanthanum. 

The oxide of Didymium (DiO) is a dark brown powdery the salts are pink, or rose, 
and amethyst or violet 

DIES FOR STAMPING, (rotas, Fr.; Miinzstampeln, Germ,) The first circum- 
stance that claims particular attention in the manufacture of dies, is the selection of 
the best kind of steel for the purpose, and this must in some measure be left to the 
expiTienccof the die-forger, who, if well skilled in his art, will be able toferma tole- 
rably correot judgment of the fitness of the metal for the purpose, by Ike manner in 
which it works upon the auvil. It should be rather finc-graiued tliaD otherwise, and 
above all things perfectly even and uniform in its texture, aad free from spots and 
patches finer or coarser than the general mat4. But the very fine and uniform steel 
with a silky fracture, which is so much esteemed for some of the purposes of cutlery, 
is unfit for our present puriKise, fVom the extreme facility with which it sequires great 
hardness by pressure, and its liability to cracks and flaws. The very cross-grained, or 
highly crystalline steel, is also equally objectionable ; it acquiree fissures under the 
die-press, and seldom admits of being equally and properly hardened. The object, 
therefore, is to s*dcct :i nXrt'l of a medium quality as to fineness of texture, not easily 
uettni upon h} dilate siilpliiii ic acid, and exhibiting an uniform texture when its surface 
is washed over with a litilc aquafortis, hy which its freedom from pins of iron, and 
other irregularities of composition, is sufficiently indicated. 

The best kind of steel being thus selected, and properly forged at a high heat into 
the rough die, it is sofleued by very careful anncaliug, and in that state, having been 
smooth^ externally, and brought to a table in theturuiog lathe, it is delivered to tlie 
engraver. 

The process of annealing the die consists in beating it to a bright cherry red, 
and siwering it to qnal gradually, which k best effected hy bedding it in a crucible 
or iron pot ojigoarielf-powdered chareoaL In this operation it k sometimes sup- 
posed that tlMdie, or at least its superflcial parts, becomes super-carbonised, or 
nighly nonverted Msel, w it k sometimes called; but experience does not justify 
such an opinion, and I believe the composition of the die k scarcely, oertainly not 
tonlcrially, atfected by the process, fhr k does not Tcmain long enough in the fire for 
tbcjmrp^. 

The engraver usual] v commences hit labours by working out the device with small 
•leel took in intaglio ; he rarely begins in relief (thou^ this k sometimes done) *, and 
having nltUnately completed his design, and satined himself of its general effe^ and 
eorrectness, by Impressions in clay, and dabs, or casts in type metal, the die is ready 
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for tbe important oprrition of hardening, which, from rartout eances, a few of irhioh 
1 ehall cnomorate, w a procew od much risk and difficult j } fer ihould any antd^t 
DOW ooour, the labonr of many*tnonthi may be aeriously iijured, or eten rendered 
quite MleM. 

The proeem of haidenlng loft eteel it in itmlf very tim^, thoogh not rery eaailv 
explain^ upon mechanical or chemical principles. We know by experience, that it 
it a property of chit highly Ttluable tubetaoee to become exoetiirelr bard» if heated 
and suddenly cooled ; it therefore, we heat a bar of aoftmaUeablo and dnetile steel ^ 
hot, and then suddenly quench it in a larM qjnaatity of cold water, it not only becomes 
hard, but feagtle and brittle. But as a ole is a mass of steel of considerable dimen- 
sions, this haideniiig is an operation attended by many and peeuUar difficulties, more 
especially as we hare at the same time to attend to the earelhl preeerration of the 
engraring. This is effected by eorering the engrared thee of die die with a protecting 
face, composed of fixed oil of any kind, thickened with animsl charcoal . some per* 
sons add pipe-clay, others nse ^nlp of garlic, but pure lamp-blsck and linseed oil 
answer the purpose perfectly. This is thinly spread upon the worii of the die, which* 
if requisite, may be forther defended by an iron ring ; the die is then placed with its 
face downwards iu a crucible, and completely surroundod by animal charcoal. It ia 
heated to a snitable temperature, that is, about cherry red, and in Hmt state is taken 
out with proper tongs, and plan|^ into a body of cold water, of such msgnitnde as not 
to become niaterialiy increased in temperature ; here it is rapidlr moved abont, until 
all noise ceases, and then left in the water till quite cool. In this process it should 
produce a bubbling and hisaiiig noise ; if it pipes and sings, we may generally appre- 
hend a crack or fissure. 

No process has been found to answer better than the above simple and common mode 
of hardening dies, though others have had repeated and foir triala It has been pro- 
piMed to keep up currents and eddies of cold water in the hardening cistern, bjr means 
of delivery pip^ coming from a height t and to suttjeet the hot die, with its face 
uppermost, to a sudden and copious current of water, let fall upon it from a large pipe* 
supplied from a high reservoir ) but these means have not iu any way proved more 
successful, either in saving the die, or in giving it any good qimlities. ft will bo vscol- 
lected, from the form of the die, that it is necessarily only, as it were, case*hardancd, 
the hardest strata being outside, and the softer ones within, which envelope a core, 
8oraethtn|p in the manner of the successive coats of an onion ; an arrangement which 
we sometimes have an opportunity of seeing displayed m dies which have been smashed 
by a violent blow. 

The hardening having been effected, and the die being for the time safe, some fur- 
ther stops may be taken for its protection ; one of these consists in a very mild kind of 
tempering, produced by putting it into water, gradually raised to the boiling point, 
till heated throughout, and then suffering it gradually to cool. This operation renders 
the die leas apt to crack in very cold weather. A great safeguard is also obtained by 
thrusting the cold die into a red-hot iron ring, which just fits it in that state, and which, 
by contracting as it cools, keeps its parts together under considerable prettnre, pre- 
venting the spreading of external cracks and fissures, and often enabling us to employ 
a split or die for obtmning punches, which would break to pieces without the protecting 
ring. 

If the die has been successfully hardened, and the protecting paste has done its duty 
by preserving the face from all injury and oxidisement, or burning, as it is usually 
called, it is now to be cleaned and polished, and in this state constitutes what is 
technically called a matrix ; it may of course be used as a multiplier of medals, coins, 
or impressions, but it is not generally thus emploved, for fear of accidents happening 
to it in the coining press, and because tbe artist has seldom perfected his work upon 
it in this state. It is, therefore, resorted to for tbe porpose of fttmiriiing a ruNOK. 
or steel injpresshm for relief. For this purpose a pr^r block of steel is selected, of 
the same quality, and with the same precantions as bmore^ and being eareftilly annealed, 
or softened is turned like the matrix, perfectly true and flat at the bottom, and ob- 
tusely conical at top. In this state, iu ooniem sorfeoe is earefollv oompressed by 
powerful and proper machinery upon tbe matrix, which, being very bard, aoon allowa 
u to receive the eommeneement of an impfesaioni but in thas receiving the imprea- 
•ion, it becomes itself so hard by eondensation of textnre w to raqiiiie during tbo 
operation to be repeatedly annesled, or softened, otherwise it would split into small 
superficial fissures, or woud iglore the matrtxi nnieb praotioal skill is tkamfiire in- 
quired in taking the impressioii, and the punch, at eaqk annealing, most be eaiiftdly 
protected, so that the work may not be injured* 

Thus, after repeated blows in the die-press, and fineqneat amalmg, the impression 
firou the matrix ia at length perfeeied, or brongbt eompletdy np, md having been 
retouched by the engraver, ia tnroed, hardened, and coUaM, like tbe matrix, of 
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it if no'^ a rwnpicte impression in re1i«r» nnd, oi we hare K^forc said, is called a 
punch. • 

1‘his ptitteh iHrnmcit an in<'x1iaiisti)>le parent or dies, without farther reference to the 
ortfrinal ni.itrix . for nuvs by iniprestiiig iiikhi it plugs of soft steel, and b} piirhUiug 
wiih iheni nii cxiii’tl> sirnilur n|M‘niticm to that by fihieli the punch itself was obtained, 
we prtM'ure iinpre^sions trom it to any anioiiiit, which, of course are fac-similes of the 
matrix, and thtse dies being turned, hardened, potisln^d, and, if ueccswy, tempered, 
are eiiifiloyrtl for the purposes of eo tinge. 

'Die distiiietion between striking medatsand common coin is very essential, and the 
work upon the dies is accordingly adjnsttd to each. Medals are usually in very high 
rdii'f, and the efft'ct is produced by a siiceession of blows ; and as the metal in which 
tiie> are struck, be it gold, silver, or copper, acquires considerable hardness at each 
stroke of the press, they are repeatedly annealed during the process of bringing 
them up In a bi^autifUl medal, which Mr. Wyon cxccuU-d for the Knyal Naval 
t’ollcgc, the obverse reprt'sents the head of the King, in very bold relief; it re- 
cjitired tliirty blows of a very powerful press to complete the impression, and it was 
iii'eesHary to anneal each med.il after every third blow, so that ihej went U n times into 
thi‘ bn* fur that purpose. In striking a coin or medal, the lateral spread of the metal, 
whu h otluTMihe would ooze out as it were from between the dies, is prevented by the 
applii utum of a steel eoliar, aeeiiiately liinicd to the dimensions of the dies, and which, 
when left plain, gives to the edge of the piece a finished and polislied uppenranee; it is 
hemetiuies groovid, or milled, or otherw'l^e ornumeiited, and oceahioiiully lettered, in 
which case it is inad(‘ in thiee s<>pniate and mo^ahle pieces, confined bv a ring, into 
whi* li (he> aie most accurately fitted, and so adjusted that the metal may be forced 
into the lethrs l») its laler.d spread, at the fume time that the toiii receives the blow 
of the screw press. 

(’oiiis are generally complettd by one blow of the eoiiiiiig-press. These presses are 
worked in the Hoynl Mint liy iiiiichiiiery. so contrived that tliey shall strike, upon an 
awrage, sixi^ blows h» a minute, the blank piece, previously projierly prepared and 
annealed, being placed between the dies by part of the same mechanism. 

The number of pieces winch may be struck by a pair of dies of good steel, pro- 
jierly liardeued and duly tempered, not urifbequently aiuounts at the Mint to between 
one and twolmiulred thousand ; hut the average consumption of dies is of course much 
greater, owing to tlie >ariaiile qiialitits of steel, and to tiie ousiiulties to which the dies 
lire liable; thus, the up|)er and lower die are bonietimes struck together, ow ing to 
Jin irror m the l,i}er-oii, or in that part of the mncliitu'ry which ought to put the i)lank 
into Its place, but which now and tlutt fails so to do This accident '^ery commonly 
arises from the Ik»> who superinteiids the press neglecting to feed the Impper of the 
111} er 'Oil w ith hluuk pieces. It a die is too hard, it is apt to break or split, and is es- 
pecially subject l<i fissures, which run from letter to letter upon the edge. If too soft, 
it sMtlis, niid the collar will not lise and fall upon it, or it sinks in the centre, and ihu 
woi k hei otiu'S distorted and fault}. He, therefore, w ho supplies the dies for an exten- 
si\e coinage, has many aceideiiis and difficulties to encounter. There are eight presses 
at the Mint, frequently at w’ork for ten hours each day, and the destruction of eight 
]»air of dies jier day (one p-sir for each prcM) may be considered a fair average result, 
though they much moic fiequeiitly fall sliortof, than exceed this proportion. It must 
be reiiieinbeted, that each press produces 3600 pieces per hour ; but making allowance 
lor oceasioiiul sto]*pago^, we may reckon the daily produce of each press at .30,000 
pieces ; the eight presses, therefore, will furnish a diurnal average of 240,000 pieces. 

]>ir.S, hardening of. See Stksl, hardening of. 

DIFFUSION As the principles of diffusion are sometimes involved in processes 
of ti aniifaeture, a short notice of the phenomena appears to properly ilud its place 
in this Dictionary. To no one do we owe so much for elucidating thin subject as to 
Proft*$Ror Graham, and from his ** Elements of Chemistry ” the following notices 
have been selected. When light and heavy gases are mixed together, they do 
not exhibit any tendeiit^ to separate again on standing at rest, differing in this 
respect fhun mixed liquids, many of which speedily jidparate and arrange themselves 
according to dkr densities, the lightest nppennost, the heaviest undermost, as in the 
fitniiliar exam^ of oil and water, unless my have combined together. This peculiar 
proficrty of gases has repeatedly been made the sulgect of careful experiment. Com- 
mon air, for instance, is essentially a mixture of two gases, differing in weight in 
‘ the proportion of 971 to 1,105 ; but the air in a tall close tube of glass, several feet in 
length, kept upright in a still pJace, has been found sensibly the same in composition 
at the top and bottom of the tube after a lapse of months. Hence, there is no reason 
to imagine that the upper straiuni of air differs in composition fh>m the lower, or that 
a light gas, such as hydrogen, escaping into the atmosphere, will rise and ultimately 
possess the higher regions ; suppositions which have been the groundwork of 
inetcnrological theories at differeut times. 

'ITte csrliest obNcrvatioiis w c possess on this subject are those of Dr. Priestley, to 
whom pmmmatic chemistry stands so much indebted. Having repeated occasion to 
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tranunit a gai through atonewaro tubes, surrounded by burning fhel, he per- 
ceived that the tubes urere porous, and that gas escaped outwards into the 6re, while, 
at the same time, the gases of the fire penetrated into the tube, although the gas within 
the tube was in a compressed state. 

** In entering upon this inquiry, 1 found, first : that gases diffuse into the atmosphere, 
and into each other, with different degrees of ease and rapidity. This was observed 
hy allowing each ps to diffuse from a bottle into the air through a narrow tube, 
taking care, when the gas was lighter than the air. that it was allowed to escape A'om 
the K»wer part of the vessel, and when heavier from the upper, so that it had on no 
occasion any disposition to fiow out, but was consfrained to diffuse tn opposition to 
the effect of gravity. The result was, that the same volume of diflerent gases 
escapes in times which are exceedingly unequal, but have a relation to the speoifio 
gravity of the gus. The light gasvs diffuse or escape most rapidly ; thus, hydrogen 
escapes five times quicker than carbonic acid, which is twenty-two times heavier 
than that ^as. Secondly, in an intimate mixture of two gasee, the most diffusive gas 
separates from the other, and leaves in the receiver the greater proportion. Uance. 
by availing ourselves of the tendency of mixed gases to diffuse with different de- 
grees of rapidity, a sort of ineohanical separation of gasea may be effected. The 
iDixturc must be allowed to dill use for a certain time into a confinad gaseous or 
vaporous atmosphere, of such a kind as may be afterwards coadtnaad or absorbed with 
facility. 

** Itut the nature of the process of diffusion is best illustrated when the gases com* 
iniinioaW with each other through minute pores or apertures of insensible magnltudi-. 

** A singular observation belonging to thi.** subject was made by Professor Dobe- 
r< iuer, ot Ji tu\, on the escape of hydrogen gas by a fissure or crack in glass receiver'*. 
Having oicasioii to c<illect large quantities or tliat light gus, he had accidentally 
made use of a jar with a slight fissure in it. lie was surprised that the water in the 
pneumatic trough rose iuto this jar one and a half inches in twelve hours ; and 
th.kt after tweiit^'fiiur hours the height of the water was two inches two-thirds 
above the level of thul In the trough. Jhiting the experiment, neither the height 
of the baronntcr nor the temia'raturo of the place hud sensibly altered. H<i 
a**eribed the plienonienon to capillary action, and supposed that hydrogen only is 
attracted by the fitianres. and ehca|H!s through them on account of the extreme small- 
nesb of Its stoniH It unmee^sary to examine thii* explanation, as Dobereiner did 
nut observe the whole phenomenon. On repeating the experiment, and varying the 
circunistancob, it appeared to me that hydrogen never escapes outwards by the fissure 
without a certain portion of uir pemdiating at the same time inwards, amounting to 
between onc-lburtli and one-fifih of the volume of the hydrogen which leaves the 
receiver. It was found, hy an instruincnt which admits of much greater precision 
tliDD a fi>Rured jar, that when hydrogen gas communicates with the air through surli 
a chink, the air and hydrogen exhibit a powerful disposition to exchange places with 
each other ; u particle of air, how’ ever, does not exchange with a particle of hydrogen 
of tlie same magnitude, hut of d*S3 times its magnitude. We may adopt the word 
difftuian^voiume to express this diversity of disposition in gases to interchange 
particles, and say that the diffusion- volume of air being I, that of hydrogen gas is 
3‘83. Now, every gas has a diffusion- volume peculiar to itself, and depending upon 
its specific gravity. Of those gases which are lighter than air, the diffusion -volume is 
greater than I ; and of those which are heavier, the diffusion-volume is less than I. 
'J'he diffusion-volumes are, indeed, inversely as the square root of the densities of the 
gases. Hence, the times of the effuqion and diffusion of gases follow the same law . 
Sec Waits’ “ Dictionary of Chemistry Graham’s “ Kleineuts of Chemistry,” and 
papers in ** Philosophical Trati.mction8 of the Royal Society.” 

DIGESTER is the name of a kettle or pot of small dimensions, made very 
strong, and mounted with a safety valve in its top. Papiu, the contriver of this appa- 
ratus, used it for subjecting bones, cartilages, d^o., to the ^vent action of high-pressure 
steam, or highly heated water, whereby be proposed to facilitate their digestion in 
the stomach. This contrivance is the origin of the French cookery pans, called 
autwlavft^ because tlie lid is sell-keyed, or becomes steam tight by turning it round 
under clamps or cars at the aides, having been previously ground with emery to fit the 
edge of the pot exactly. In some autoclaves the lid is merely laid on with a fillet of 
linen as a lute, and then secured in its place by means of a screw hearing down upon 
its entre from an arch bar above. The safety valve is loaded either by a weight 
placed vertically upon it, or by a lever of the second kind pressing near its fhlcrum, 
ond acted upon by a weight which may be made to bear upon any point of its gra- 
duated arm. 

Chevreul baa made a nsefhl application of the digester to Tegetabla analysis. His 
instrument consists of a strong copper cylinder, into which enters % tight cylinder of 
silver, bavingita edge tarnc*d over at right angles to the axis of the cylinder, so as to 
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A tegaMot of • copotr iplMfti ate lined witli altTer, 
•tea iba apertart af Iht allm eyiioder, being ap^M atetlj to ila rim* It baa a 
ooniaal Tal?a prwavd with a ipiral epriag* of any deairad fbr^ aacimattd by a ataal- 
yard. This ipring ia encloaed within a braaa boi portbialed with fonr botaa» whkli 
may bt leravad Into a tapped oriflee In tbe top of the dlgeeur. A tnbe lerewed into 
anckber bole aonres to eonduot away tbe oondenaible ▼apoan at pteaanre into a 
Wonllb'a apnaratna 

DlKA-BliEAD. A food made from the fruit of die Manpfftra GabenuiuUt a 
tree indlgenoua to the country from Sierra Leone to the Gaboon. It ia one of the 
/laiirarrfmeew. White almond kenelt are found in tbe fruit ; theae are bruiaed and 
preaaed to form tbe Dika^biead. 

DIKE or DYKE. A wall-like dWifion in rocks, produced by tbe c;}ectlon of 
trapean matter in a fhsed etate from below, through the orerlying strata. In many 
places those hard trap rocks stand out above the adjacent rras, which have been 
worn aw^, presenting actually the appeatance of a massive wall. 

DILATATION. The inereue of siso produced in bodies by the agency of heat 
Bee BxpAiiaioN. 

DILUVIUM. {Diluvium.) Deluge. Those accumulations of gravel and loose 
materials, which, by some geologists, are said to have been produced by the action of 
tt diluvlan wave or deluge, sweeping over the surface of the earth — LyeU. 

DIMITY is a kind of cloth cotton originally iinpoitcd from India, and now manu- 
factured in great quantities in vurious imrts of Britain, especially in Lancashire. Dr. 
Johnson calls it Jimmity, and describes it at a kind of fustian. The distinction between 
frastinn and dimity seems to be, that the former dtsignates a common tweeled cotton 
cloth of a stout frbrie. which reoeiva'S no ornament in the loom, but is most fn^qiicntly 
dyed after being wo%cn. Dimity is also a stout cotton cloth, but not usually of so 
thick a texture { and is ornamented in the loom, either with raised stripes or fancy 
figures : it is seldom dyed, but usually cmplo) ed white, as for bed and b^-room frir- 
iiiturc. The stri])ed dimities are the most common ; they require less labour in weaving 
than the others j and the mounting of the loom being more simple, and consequently 
\w 9 expensive, they can be sold ut much lower rates. 

DIOPTIUO LIGHTHOUSES. Sec LwiiiTiioiTHKft 

DIOHITKS. A trap or greenstone rock, in uliich albtte replaces orthoelM. 
Diorites are abundant in the Vosges. See Diastask. 

Dll*. When any stratum, mineral vein, or dike, docs not lie horixontally it is said 
to dip E. W. N. or S., as the case may he. The angle which it makes with tbe 
horison is called the angle of the dip. 

DIPPKL’S ANIMAL OIL. A fetid volatile oil obtained when animal sub- 
stances, such as bone, are subjected to distillatiou. That which is found in commerce 
is obtained m the mauufactun* of lione-black. 

D1 PPl NO. ( Irnanieiital works in brass are usually brightened by a process called 
dipptnp. Afrcr the uotk has been profierly fitted together and the grease removed, 
either by the action of heat, or by boiling in a pwl-ash lye, it is pickhd in a bath of 
dilute aqua fortis. It is then scoured bright with sand and water, and being well 
washed is plunged into the dipping bath, which consists of pure nitrous acid, 
commonly known aa dipping aquafortis^ for an instant only, and is then well washed 
with cold and bot water to remove every trace of acid frwm the surface, afrer which 
the work is put into dry beech or box wood, sawdust, Ac., well rubbed until it is quite 
dry, and then burnished and lacquered. 8 m DkaD’Dippimo. 

DISINFECTANT. A lubstance which removea the putrid or infected con- 
dition of hodiea. It is well not to confound it with antioeptic, which appliea to 
thoae hodiea which prevent piitrefkction. The word disinfectant has lately become 
iomeuhat oncertnin in its meaning, on account of a word being used aa its equiva- 
lent, vis. deodoriser This latter meaos a substance which removes odours, la 
reality, however, there are no such substaneea known to na aa a claso. There are, 
of course, some sulistances which destroy certain others having an odour, but in all 
cases tbs removal of t^ smell and the drstmetion or nsntralisation of the body must 
be simultsneoua. IjkW however, a large class of substances that deatroy pntre- 
foctioii, and the nnl oisinfectaut is therefore distinetly needed. The gases which 
rise from putrefying bodies are not all oaMhle of being perceived by the senses in 
their ordinary ettnaitioo, hut aometioies mey are peromv^. A disinfeotant puts a 
stop, to them and deodorisea simultaneoasly. If any subscanoe were to remove the 
smell of these gases, It would remove the gases too^ as thev are inasparable frwm their 
property of affecting the nose. A deodoriser would therefore be, end is, adulnfeetaat 
of that M the smell of which it removes. But it has been suggee^ that it may 
remove ^ose n^ies vhieh smell, and allow the most deleterions to pass, they having 
no smeU. Wbeuever we find such a class of substances, it will be well to give them 
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the mac of dcodoricen. There any be come troth In the hypothccic thd aetcllie 
Mill reaove the colphor, cad by piereentiof the nape of cttlpbareUcd hydrogen ame 
lea odo«r« without complete aictnleetUnL Bot it nppeora thnt the deocapoeition is 
a prerention of potrefhetioii in pronortaon to the reaoetl of that km In euea where 
it u giren oat, and it ia quite eertain that metaUie aolatkaa haee diainiMting propar- 
tiea. Any aohitiou haring the etfeot here auppoaed would at the leeet be a penial 
diainfectant, inaamuch m we dceompoaition would be ao ftr put a atop to, aa to pa vent 
at leant one obnoxioua gaa Uow the othera eould raaaain unaoled on in thin caae It ia 
dtAouli to ooropreheod. To prerent the formation of one km la M aneat dccom 
poaition or to alter the whole oharacter of the ehange wnieh ii prodnein^ the 
gaaea. The moat deleterioua of emanatievna have no amell it all to the ordinary 
aenaoa, and we can only judge of the evil by ita raaalta, or the ihet that the auh- 
atancea capable of produeiog it are near, or by the analyaia of the air. (8ee Sami* 
TABY AnnANQKNKiiTa.) The caaea where aniphnteited hydrojgen aoeompaniet the 
ofTenaive matter, are ^iefly oonneeted with fnoal deconipoaition. Thia gm ia a 
useful indication of the proaenoe of other aubitancea. So fiir m ia known, the dai» 
truction of the one eauava the deatruotion of the other. But the pmenoe of tut* 
phurettod hydrogen ia no proof of the preaenoe of infcetioua matter, nor ia ita abaenoa 
a proof of the absence of infectiona matter, it being only an ooooaional igtompanimev.. 
When the infectiona matter and the odoriferona matter are one, M in Ike caae, ta (hr 
as we know, of putrid fleah, Ac., then to deodorise is to diainfect. We can find then 
no line of duty to be performed by deodoriaera, and no clasa of bodiea that can bear 
the name, althongh there may be a few caaea where the word may be found convenient, 
ir, for example, we deatroy one amell by supenidding a greater, that might in one 
Si TIRO he a deodorising. If we added an acid metallic salt, and removed the aulphu- 
iftif'd hydrogen, letting loose those organic vapoora which for awhile accompany 
thiv act, we might, to those who were not vcr) near, completely dcalroy amell, and 
Si ill aend a auliatancc into the air by no ineana wboitaome; but in such a raaedecom- 
]u>sitton is stopped, at least for a while. The anielling stage ia by no means the moat 
dangerous, nor has the use of the word deothirue any reution to sanitary matters, 
exc4‘pt in the groaaeat sense } it ia desirable that iiersons should look nr beyond 
the mere indications fiimiahed by the nose, and as in science wc can find no d^o- 
naera, so in practice wc need not look for any in the sense usually given to the word. 
1*ho word nia> lie used for such substances aa remove the odour and tbe putrefaction 
of the moment, but allow them to begin again. Kven in this case deodoriaera become 
ti*iii)H)rary disinfectants, which character all removers of smell must more or less 
have. 

AniiwepUcM^ or ro/ybe fipente. Substances which prevent decomposition. Tbe words 
r(Jpai§ and cniytic come from kwAmv, to arrest^ restrain, cut »hot L This word was proposed 
by the writer to apply to cases such aa are included under antiseptics, antiferments, 
and similar words. 7'herc was needed a word for the general idea. A colytic force 
manifests itself towards living persons in anmathetica, anodynes, and narcotics, as well 
probably, aa in other ways. Culy tics may probably act from different causes, but these 
causes not being separately distinguished, a name for tbe whole clasa can alone be 
given. The action of tofyaut ia entirely opposed to eatafyaia, which is a loosening up 
of a compciund, Otiyaia arrests cataiyaia, os well also aa other processes of deeompo* 
sitiiin, ordinary oxidation for example. Disinfectants, in their character of restraining 
further decomposition, are included under colyttca. One of the moat remarkable aub- 
atances for arresting decomposition ia kreaaote. It has been used in some condition or 
mixture from the earliest times. The ancient oil of cedar has been called with good 
reason turpentine, which has strong disinfecting properties, but the word has evidently 
been used in many senses, as there* are many liquids to be obtained from cedar. It is used 
for the first liquid from the distillation of wood; and Berselius for that reason says 
that the Egyptians used the pyroligneous acid, which, containing some kreasote, wm 
a gn*at antiseptic. But a mixture of this acid with soda would be of little value in 
embalming, nor is it probable that they would add a volatile liquid like turpentine 
along with caostie soda. It is expressly said (in Pliny) that the pitch was reboiled, 
or, in other words, the tar was boiled and distilled, the piquet bebg collected in the 
wool of fleeces, from which again it wm removed by pressure, fn doing this the 
light oils or naphtha would be evaporate^ and tbe heavy oil of tar, containing 
the carbolic acid, or kreasote, would remain. It was cailcd picennm, m if made 
of pitch or pissenum, and pisselaum or pitch oil, a more appropriate name than that 
of Range’s carbolic acid or coal-oil, and still more appropriate than the moot recent, 
which, by following up a theory, hM converted it into phenic acid. The diitUlatiim 
was made ha oopper vessels, and must have been carried very for, m they obtained 
■*a reddish pitch, very eliraniy, and much fotter than other pitch.** Thw wm the 
anlkrame, cArwsaw, and pyrat§ of modem ehemistr}. The remalnhig bard pitch 
uas called palia^umi, or second pitch, which we call pitch in contradistinction 
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to tor. Bj tbeorodod pltob. howeTer. wu •omctinM;i meoDt (he product of aiitillttion 
initeid of wliot wts hn in the still. Some eoiifusion therefore existo in the iiauicH, 
but not more ihut with us. The pitch oil was resinous fat, and of yellow colour, 
neoording to some. This oil, contoiotoft kreasote, was used for toothache » a colytic 
action applied to living Ixidies — and for skin diseases of cattle, for which it is 
found vatuttble. Tht^ also used it for preserving Imass. --(** fty the 

Writrr, Jour. Stir, of Arit, 1857.) 

It is quite possible that kreasote may be the chief a^nt in most empyreumatio 
substances which act as antiseptics. But It Is not the only agent Hydrocarbons of 
various kinds act as antiseptics, as well ns alcohol and mcthylic alcohol, wh.ch contain 
Irttfc oxygen. To this class belong essential oils and substances termed perfunieH, 
which are used for foinignt'on, and have also aco1>tic action. It is exeeedin Jy 
nnibable that the true theory of this action is connwtod with the want of ox > gen. 
These substances do not*rapidly oxidise, hut, on the contrary, only very slowly, mid 
that chiefly by tbc aid of other bodies. Their atoms are, therefore, in a state of 
tension, ready to unite when assisted. As an example, carbolic acid and kreasote 
unite with oxygim when a base is present, and form rosoUe acid. We can scarcely 
suppose that an explanation, commonly resorted to in the case of sulphurous acid, 
would suit them } via., that it takes up the oxygen, and so keeps it from the putre- 
scihie snhstanoe. It is, therefore, much more likely that its condition nrte on the 
putreseihle body. For, as the state of inolion of a putrefying substance is tranc' 
ferred to another, so is the state of immobility. 

In 175U Sir John Friugle wrote his ** Rapt^iments on Sceptic and Antiseptic 
Siihhtanocs, with remarks relating to their Itse in the Theory of Medicine.'’ He 
recommended salts of various kinds, and astringent and giimmy parts of vegetubh's 
and fermenting liquors. Dr. Muehiide followed him with nuineroiis experiments. 
He speaks of ueicls being the long ])rescritM*d agents as antiseptics. He found them 
antiseptic even when diluted to a great extent. Alkalies also he found antiseptic, 
and salts in general. Abo **gum>resin8, such as Tn)rrh, asufuDtida, aloes, and terra 
Japoiiiea,” hi'sides “ decoctions of \'irginia snake-root, i>epper, ginger, sailVon, con- 
truyerva root, suge, valerian root, and rhubarb, with mint, angelica, senna, mid 
eominou wormwood.” Man> of the common vegetables also were included as to 
some extent antiseptic ; such us horse-radish, mustard, e.irrots, tumi[iB, gurlie, onions, 
celery, cabbage, cole wort. Lime w^as found to prevent, but not to remove putrefuc- 
tiou. We are inclined at present very much to ipialify some of these observaiions. 
Aniniol fluids, iie observes, will remain for a long time without putridity if kept 
from the iiir. He sti)s that astringent minerul iieids and ardent spirits ** not only 
uhsorb tlic matter from the piitrisceut Sllb^tulK'es, but likew ise crisp up its fibres, and 
Ihbreby render it so haul and durable tliut no change ot combination will take place 
for many years.” He adds also molasses to the antiseptics. In 1767 the academy of 
T>|jon gave H pri^e for tiie use of nitrate of |K>tash in ventilation. This may have given 
the first idea to (.'ariiiii'l'ael Siii^th. liu;tuii«31orveuu came later with a volume of 
valuable experimts on acids. 

All uuttstuiii' jire-serves fnim pnlrefaction, but doi*s not necess.’iriiy remove the odour 
caused by that w'liich has previouslj putrefied. Many of the substances described as 
di8infectutit«i here, might equally he caUed antiseptics. When the^ remove the putrid 
mutter they are di'iinfectants, when they prevent decomposition they arc antiseptics. 
Bui when the smell is removed by u substaiiec which is Known to destroy putrefaetive 
decomposition, and to prt*»erve organic matter entire, then we hn>c the most thorough 
disinfection t then we kiuiwr that the removal of the smell is merely an indication of the 
reiiiovni of the evil, 

DisinJecinnU are of various kinds. Nature seems to use soil as one of the most 
active. All the dejeotu of the animals on the surface of the earth full on the soil, 
and are rapidly nnule perfectly innoxious. Absorption distinguishes porous bodies, 
and tho soil has peculiar facilities for the purpose. But if saturated, it could disin- 
fect no longer. I'his is not allowed to occur ; the soil abi^orbs air also, and oxidises the 
organic mutter whi^ it has received into its |>ores, and the offensive matter is by this 
means either i^veiKd into food for plants, or is made an innocent ingredient of the nir, 
or, if tiio wciAr be moist, of the water. The air is therefore, in conjunction with 
the soil, one of the greatest disinfectants, but it acts also quite alone and iudepcndeiit of 
the soil. Its power of oxidising must lx> very great The amount of organic i ffluviiim 
. sent into large towns is remarkable, and yet it seldom accumulates so as to be 
strongly peroeptible to the senses. 'J'he air oxidises it almost as rapidly us it rises; 
this t.H hastened apparently by the peculiar agent in the air, ozone, which has a 
gn'Oter capacity of oxidation than the common air; when this is exhausted it is 
highly iwohahle that the oxidation will be much slower, and this exhaustion does 
take place in a very short time. So rapid is the oxidation, that the wind, even 
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Mowing at the rate of aboai Bfleen to twantj milea an bonr, in entifolx dcprind of 
iu oione by paaaing otor leaa than a mile of Uaneheater. In l<ondoD thie doea not 
take place ao rapidly, at leaat near the Thamea. But when the oione ie removed, it ia 
probable that the rate of increaae of the organic matter will be much greater. We 
may by this means, then, readily gauge the condition of a town up to a certain point 
by the removal of the oione > bat it reqaires another agent to gauge it afterwarda or 
thoroughly. It is in conneoiton with each other that the air and the toil beat dis- 
infect When manure ia thrown upon land without mining with the ao^ it may 
require a very long period to obtain thorough diiinfectlon« but when the atmoaphere 
is moist, or rain falls, then the air ia rapidly tranal^rred Into every Mition of the 
porous earth, and the organic matter beeomea rapidly oxidlaed. To prevent a 
«mell of manure, and with it also the low of ammoni^ it ia then needfttl that aa toon 
oa possible the manure should be mixed with the soil. The same power of oxidation 
IB common to all porous bodies, to ehareoal, and eapecially, as 6r. 8tenhouse haa 
^llown, to platini^ charcoal. IMainfsetion by the use of porone bodies b not a pro- 
cess of preser^atiou, but of alow destrtiction. It is an oxidation in which all the 
I scapiug gates are ao thoronghly oxidiaed, that nocc of them have any sniell or any 
'iflenaivc property. Rat being so, the body disinfected must neoessarilv decay, and 
in reality the process of decay is remarkably increased. All such bodies must there- 
fore be avoided when nianures are to be disinfected, and whan they aif not to be put 
on the land immcdistely. tttonhouoe has employed charcoal for dmoAetiog the air. 
The air is passed through the charcoal either on a large scale for a hospital or ou a 
Kma'.l aeale aa a respirator for the month. Care must be taken, however, to keep 
the charcoal dry : wet charcoal is not capable of ahaorhing air until that air ia 
dissolved in the water. This solution takes place less rapidly in water. Wet char- 
coal is therefore a Hirer for flnids chiefly, and dry charcoal for vapours. Its destruc- 
tive action on maoures will, however, always prevent ehareoal ftom being much 
used as a diainfeetant for such purposes, or, inde^ any other aubstanoe which acts 
principally by its porosity or by oxidation. This the soil does only partially, as it 
has another power, vis. that of retaining organic sabetanoes fit to ie the food of 
plants. Although air sots partly in coqiunotion with the soil and the rain to cause 
dudufeetion, and partly by its own power, it also acta mechanically os a means of 
rt'moving all noxious vapours. The wind and other currents of the air are continually 
ventilating the ground, and when these movements are not snfliciently rapid, or when 
they are interrupted by our mode of building, we are compelled to cause them 
artificially, and thus we arrive at the art of ventilation. The addition of one tenth 
of a per cent of carbonic acid to the air may be perceived, at least if accompanied 
with the amount of organic matter usually given out at the same time in the breath, 
and as we exhale in a day 12 — 16 cubic feet of that gas, we can injure tiie quality of 
16, (WO cubic feet of air in that time. The great value of a constant change of 
air ia therefore readily proved, and the instinctive love which we have d fresh air 
is a Buffleient corroboration. 
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If Iilio In Wffbinii of elotbef, for thff porpoM nothinig vhatfTer cm supply its 
pliCi% fttboogh it ff^pillfti ih« fttiitaikM both of sonp tad frietion, or agitation und 
heat. Water it alMi iwfd at • machanioal agent for remoring filth, and the inethiKl 
which Hrrcolea dfvM of iiaing a river to wash away filth, ia now adopted in all tlie 
moat aiWanced plana of oieanaing lowoa. It ia only bv ineana of water that the refoaa 
of townaean be e«niYeyad away in eovered and ImperTtona paaoaM wbilat none what- 
ever ia allowed to remain in the town itaelf. In caaee where thia cannot ho done, it 
ia mneh to he dealrad that tome diainfecting agent abonld be used to prevent decoin • 
poaitioij. Where water ia not naed, as tn water-eloaeta, tliera ntnat of course be a greet 
amount of matter stored up in middens, and tiie town is of coarse oontiniially exiKiw^d 
hi the effluvia* Ilesides these methods of acting, water disinfects partly by preventing 
effluvia foom arising from bodies, simply iiecauiie it keeps them in solution. This 
action b not n fierfeot one, but one of great value. 'J'he water gives off the impurity 
slowly, sotnethnos so slowly as to be of no injury, or it keeps it so long that complete 
oxidation takes place. The oxygen for this purpose b supplied by the air, which the 
water absorbs without ceasing. To act in this way, woter must be delivered in 
ulMiiidanee. Bodies decomp^* rapidly under water! and it arts also as a great 
opfiniivnt to disinfection by rising up in vafiour loaded with the products of deeom- 
|M>Hition. 

Mere drying is known to arrest dccar, as the mobility of the particles in decompo- 
sition is stayed by the want of water. We are told in Andersson’s travels in S. Africn, 
that the Damaras cut their meat into strips, and dry it in theicn, by which moans it it 
preaerved fresh. A similar custom b found in 8. America. Certain days prevent 
this, and dcoomiioaiiion seta in rapidly. A little overclouding the sky, or a little 
more moisture in the air, quickly stops the process. 

The above may be callod natural distufectants, or imitations of natural processes, 
charcoal being introduced as an example of a more decided charncter of porous action. 
They allow both mcohanical and chemical action. The mechanical, when water or air 
reinovot, diluti^s, or covers the septic bodies : the chemical. When porous bodies act as 
conveyers of oxygen t or an union of both, when cold and heat prevent the mobility of 
the partiolos. The action by oxidation causes a destruction of the offensive materia). 
The other method b antiseptic. It is much to be desired that all impurities should W 
mit rid of hv some of these methods, but especially by the air, the water, and the soil. 
Then* are, however, conditions in which difficalties interfere with the action. Large 
towns may be purified by water, but what b to be done with the water which contains 
all the impurity? If put upon laud, it is very soon disinfected, but on its way to the 
hind it may do much miscliief It lias been propuscd to disinfect it on ib }>ssssge, 
and even in the sewers themselves ; by this means the town itself is freed fram tlie 
nuisance, and the water may be used where it is needed without fear. This intro- 
duces artificial disinfectants. Tiicre are other oases where such are required ; when 
the refute matter of a town is allowed to lie either in exposed or in underground 
reccjitsclesi in this rase a town b exposed to an immense surface of impurity, and 
disinfectants would greatl} diminish the evil, if not entindy remove it.^ There are 
besides, special oases without end continually occurring, where impurities cannot be 
at once remove^ and whn'c treatment with artificial disinfectants is required. 

Artificial disinfectants which destroy the compound, are of various kinds. Firt is 
one of the most powerfrd. A putrid body, when heated so at to be derived of all 
volatile particles, cannot any longer decompose. It is however possible that the 
vapours may become putrid, and if not carefully treated, thb will happen. It was the 
tMistom of some of the wealthy among the ancients to bum the dead, and it is still tlie 
custom in Indb; but although the form ia kept np amongst all classes, the expense 
too great for the poor. The bodies are singed, or oven less touched by fire, and 
thrown if txiMibla into tlic river. 'I'his process has been recommended here, but the 
quality of the gaseous matter rising fr^ a dead body, b most disgusting to our 
physical, and still more to our moral senses, and the amount is enormous. It is of 
tiourse possible so to burn it, that only pure carbonic acid, water, and nitrogen, 
shall eaeape, bnt the probability of preventing all escape is sn^ll enough to be deemed 
ail imposubility, and the escape of one per cent would cause a risinf^ of the whole 
iieiglibourhood. To nffnMthe combustion of the dead of a grt at city, such a laigc work, 
furnished with gnatJl^^werfu] furnaces, iroiild be required, that it would add one 
of the most friglitfol oieili to modem civilisation, instead of the calm and peaceful 
churchyard where oar bonea are preaerved as long at least as those who care for us live, 
and then gradually return to the earth. In burning the dead some prefer to burn 
the whole luxly to pore ash. This wss the ancient method; but it is highly probable 
that the ashes which they obtained were a delusion in most cases. The amount of 
ash found in the urns, is ofren extremeiy^amall. The body cannot be reduced to an 
infinitesimal ash, as is supiiosed; eighj) to twelve pounds of matter remain from an aver- 
age man when all is owr. A seiond plan, is to drive off nil volatile matter, and leave 
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» cioder. This dligoiting pbn leavci the bod j block oad incorroptible. 
ill oojr time known to ni, mix with iti mother eoith, and yet eeoaei 
nwemble hnmanhj in the slighteetdegthes it will not even for n long timd m|p|ip 
by adding Hi compoiition to the fertilitr of the soiL The homing of bodied 
conld have been general, and never can m generaL Fire bai only a limited uae aa a 
dUinfvetant. It oannot be need in the daily dUinfeotkm of the defeotn of tnimali, and 
ia applied only oeeaaioaally, where the moat rapid deetroctlon ia the ttoftdeairable, cither 
becaoae the auhatance haa no value, or hialoo diacuating toe3uat,ortheprodttetaaftor 
burning are not offenaivc. There are two methoda of uaing Are, charring or homing 
to aahea. The lecood ia an act of 

Ojidhrioa.— Thia ia effected either by rapid eombnatton nailed Are t by alow eom* 
buatloo, the natural action of the air } or by ebtmlcal agency, aometiniea aaaiated by 
mechanicaL Slow oxidation in the toil ia a proceaa which la deairaUe Hi every rv 
apect, and it would ba well if we eould bring all oflenaivf matter into thla condition^ 
the ammonia ia preaerved, or it ia in part oxidiaed into nitrie acid an^ water, both 
the ammonia and nitric acid being food for planta. Someffmec thia proceaa ia baatened 
by mixing up the mannre with alkaline aubatancea, raiatog It In heapa, nnd watering, 
by this means forming nitrates, a process performed ahnndantly in warm countries 
upon the materials of planta and animals, and imiuted even in temperate mi^jona with 
pucccas. This amount of oxidation deatroya a good deal of the earbonaceona mlhitauces, 
and leaves leas for the land. It ia only valuable when saltpetre » to be prepared* 

One of the most thorough methoda of oxidation, is by the uae of the manganatei or 
perroanganalea* They transfer their oxygen to organic aubatancea with great r^iidity, 
and eomplaialy destroy them. They are therefore compkle diainfoetanta. They 
destroy the odoar of imtrid matter rapidly, and oxidise aulphuratted hydrogen, and 
pboaphuretted hydrogen, aa well as purely organic anhetaaeea. As they do thia by 
oxidation at a low temperature, they are the mildeat form of the deatructive diainfeo- 
tantsijind their application to putrid lii^uida of every kind will give moat astisAtetory 
results. The quantities traatm nt a time should not be great, and the amount of 
inaterial used must be only to the point of stopping the smell, or at least nipt much 
more, because both pure and impure matter act on the manganatua, and an enormous 
uiwount of the material may be used in destroying that which is not at all oflienaive. 
The manganatea do not prevent decay from beginning min. Their use has been 
patented by Mr. f 'ondy. A similar action takes place with various high oxides and 
other oxides which are not high. Sometimes, however, a deleterious gas ia produced 
as a secondary result by oxidation, as when sulphuric acid in the anlphatea oxidisea 
organic matter, allowing sulphuretted hydrogen to escape. In this case it ia highly 
«probuble that a true disinfection takes place, or a destruction of the putrid substance, 
and all offensive purely organic aubstaoces} still the amount of sulphuretted hydrogen 
givcti off, is of itself sufficiently offensive and deleterious, although not properly 
apeak ing an infectious or putrid but an occasional accompaniment. 

Nitric acid ia another agent of destruction on oxidation, although it has qualHiea 
which might cause it to be ranked amongst those which prevent the decomposition tra 
entering into now combinations. But properly apeaking, it ia not nitrie acid which la 
the diainfimtanc of Carmichael Smyth, bnl nitrio oxide, which is a powerful oxidiaer, 
and moat rapidly destroys organic matter. For very bad cases, in which gaseous 
fumigation is applicable, nothing can be more rapid and effective in ita action than 
this gas. Care must be taken that there ia no one praaeot to breathe H, aa it haa a 
jHiwerfol action on the lungs, and care must he taken that metallic suTfoeet which are 
to be preserved clean, be well covered with a coating of varnish. This waa uaed with 
great effect in sliipa and hoapitala for some yeara, b^inning with 17S0, and ao much 
good did it do, that the Parliament in 1802 vot^ Dr. C. Smyth a penaloti for it. 
Guyton-Morveau waa vexed at this, and wrote an interesting toUime ooneeroing his 
mode of fumigating by acida; but in reality aeida alone are insufficient and hii Ai- 
vonrite muriatic aeid haa no aneh effect as nitma fUmea, which ao readily part with 
their oxygen. On the whole, nitrous fUmes are too dangerous for geuerul use. 

Chlorine is another deatructive agent, and its peculiar action may be called an 
oxidation. When used aa agaa, it has a great power of penetiMion, like nitrous fumea, 
and stops all putrefaeiion. It baa a more aetivriy dt^ruotive power than oxygen 
akme, even when Ha aotioii ia that of oxidatiou only. It deoompoaea eompoanM of 
ammonia into water and nitrogen, and aa putrefoetive matter is umted with, or oom- 
posed partly of nitrogen, it destroys the very germ of the evil By the same power 
It deatroya the moat expensive part of a manure, the ammonia. It cannot iberefore 
be naad where the oSUiisive matter is to be retained for mannre* When chlorine is 
nnited with lime or soda, it may be used either as a powder in the Afft case, or u a 
liquid hi either ease. For diraet appUeation to the eflhntife aohetattees a aolqtlon 
is used, or the powder. This latter acta exaetlf aa the gaaeona ehbrfaie, bnt the 
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dMtfajrlag anmania ia greater. Aa a liquid, it acta too rapid! j : aa a aolid, 
IM iliMda of lime aoon attracta moiatare, and aoon loan ita power. 8omc people 
IMt tba ebloride of lime aa a aouroe of chlorine { they pour aulphorio acid on it, and ao 
eAoae It to giro oat chloriae. which eacapea aa a gaa, aod aota aa aforraaid. Too much 
la given out at fint, too little at last It ia aald to have increaaed the lung diaeaaes at 
hoapitala, where it waa much uaed in Paria. When only a niinnte quantity of gaa ia 
given out. aa atjbleach worka, it certainly cauaca a peculiar tVeahneaa of feeling, and 
me Mpearanoe of the people ia much in ita favour, nor haa it ever there been known 
to affect the lunga. For violent action, in caaea of great impurity, it ia a great dia- 
infectant, and to bo preferred to nitrone Tumea, probably cauaing a leas powtrful 
action on the Iqngs. Mixed with alom.wiihoat ammonia, it gives off chlorine slowly. 
JKau dejarrUe ia a chloride of notanh used in Pans. S<mietimcs oxygen, or at loast 
air, is used alone, to remove both colour and smell, oils having it pumped into them. 
Sometimes acids alone aro used for disinfection. As putrid compounds contain am- 
nionia or organic bases, they may be removed, or at least they may be retained in 
combination, and in this way restrained from further evaporation. This si-ems to 
be the way in which muriatic acid acts, and all other merely acid agents. This acid, 
so much valued at one time, is now entirely disused, as it ought to be, because it is v\~ 
cecdingly disagreeable to breathe, and destructive of nearly all useful mihst an ces which 
it touches, being at the same time a very indirect disinfectant. Acids p mred on putrid 
matters, no doubt destroy the tnic putrefaction, but they cause the evolution of gabfs 
exceedingly nonsoous, and of course unwholesome. Tins evolution does not last long, 
hut long enough to make them useless aa disinfectants when used so strong. Vinegir 
IS the best of the purely acid disinfectants; wood vinegar the best of the vinegars, 
because it unites to the acidity a little kreasote. Vin<gur is a very old and well 
established agent ; it has been used in the case of plague and various pestilences from 
time immeinonnl. It is usf^ to preserve eatables of various kinds. For fumigation 
no acid vniioiir used is pleasant except vinegar, and in coses where the impurity is 
LOt of the most violent kind, it may lie used with great advantage. Fiven tnis how- 
ever acts on some bright surfaces, a disadrantage attending most fumigations. 

SulphurouM ociV, or the fumes of burning sulphur, may Im troati'd under this head, 
although in reality it does not act as a mere acid combining with a base and doing no 
more. It certainly unites with bases so that it hns the advantage of an acid, but it 
iilsn dccompoiU‘i by precipitating its sulphur, as when it meets sulphuretted h)drogen. 
It therefore acts as an oxidiser^ in some cases, but it is generally believed, from its 
desire to obtain oxygen, that it acts by being oxidised, tba'* showing the peculiar 
characteristics of a deoxidiscr. Wc con certainly believe that bo<lies may be disin- 
fected Imth by oxidation and deoxidation. The solutions of sulphurous acid act as a 
restraint on oxidation, and preserve like vinegar. Its compounds with bases, such 
as its salts of s^kIs, potash, &o , preserve also like vinegar, saltpetre, Ac. ; probably 
from their affinity for oxygen, taking what comes into the liquid before the organic 
matter can obtain it. Hut it is not probable that this rivalry exists to a great extent; 
the presence of the sulphiirous acid in all probability puts some of the partieles of oxy- 
gen in the organic matter in a state of tension or inclination to combine with it, so 
that the tension of the particles which are inclined to combine with the oxygen of the 
air is removed. 

Sulphur fhmea are amongst the most ancient disinfectants held sacred in cariy times 
from their wonderful efficacy, and still surpassed by none. With sulphur the shepherd 
purified or disinfected his flocks, and with sulphur Ulysses disinfected the suitors which 
lie had slain in his house. No acid fumigation is less injurious generally, vinegar ex- 
cepted, to the lun« or furniture, and its great efficiency marks it out aa the most desirable, 
although much laid aside in modern times. The amount arising from burning coal 
must have a great effect in disinfecting the pmrid air of our streets, and rendering 
coal-burning towns in some respects less unpleasant ; this is one of the advantages 
which that substance brings along with it, besides, it must be confessed, greater evils. 
It is eurioua that this compound of sulphur should be one of the most efficient agents 
in destMing sulphuretted hydrogen, another compound of salphnr. Sulpbnrous acid 
pr^tenv decomposition, and also preaerves the valuable principle of a manure, so that 
It Dcioags partly to the class of disinfectants, and partly to antiseptics. 

The peculiar actions of sulphurous acid and kreasote have been united in that called 
** McDou(|^uirs Disinfecting Powder.'* Since in towns and fknns, when ^sinfectants 
are used, it is desirable not tO use liquida, these two have been united into a powder, 
which assists also in removing moisture, as water is often a great canse of discomfort 
and disease in stables and cowhouses. When they are need in this manner the acids 
are united with lime and nsgnesia. When the floors of stables are sanded with the 
powder, it becomes mixed with the manare, which does not Hpie ammonia, and found 
afterwards much more valuable % land. The cattle are also ftwed from a great 
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amount of iUnea. bacauie the air of the etahle is pnrifled. When fmoes of anp hind 
oanootbe at once removed by water, as hr the water-eloiet system, the use of this Is 
intaluable ; bat it is well to know that the instant removal of imparity by water ia 
generally best for houses, however difficult the after problem may be whim the river is 
polluted. In stables and oowhoutes this is not the esse, and it is then ftiat a disinfect* 
ing powder becomes so valuable, altluiagh it is true that so many towns are unfon. 
Innately so badly supplied with water-closets that disinfectants are stUl much wanted 
for the middens. 

It has been proposed to disinfect Mweriias welt u sewage^ by the same substances } 
not, however, in the state of a powder, Tht acids are applied to the sewage water 
in the sewvra themselves, and to cau^e the Ihnpure water to pass disinfected through 
the town ; by this means the towns and sewers are parifted together. When the 
sewage water Is taken out of the town It ean be dealt with either by precipitation or 
otherwise. As it will oease to he a nuisance, covered passages for it wiU not re- 
quire to he made. 

Lmf is used for precipitating sewage water, and acta as a disinfectant u far as the 
removal of the precipitate extends, and also by absorbing salphuretted hydrogen, 
n bieh, however, it allows again to {lass off gradually. The other subatatioes proposed 
for sewers have chiefly relation to the precipitation, and de nut so readily come under 
thisartiole. Charcoal has been mentiiuied $ alum has been proposed, and it certainly 
docs act as a disinfectant and precipitant. None of tliese substanoes have been tried 
on a great aeale excepting lime, and carbolic acid or tar products, the first at Leicester, 
the Second at Carlisle. 

Ahscnce of an u an antiseptic of great value. The proceaa of i^ocrving meat, 
called Appert's proccas, is by putting it in tin vessels with water, boiling off a good 
deni of steam, to drive out the air and then closing the apertnre with Bolder. 
Sebroeder and Do Lnach presented pnirefactiou for uiontha by allowing no air to 
approach the meat without passing through cotton; so also veils are lound to be a 
protiotion apa'.ust some iniasnias. Suh», or compounds of acids with bases, aiw 
valuable antiseptics ; some of them are also dihinfectaMts, that is, they remove the 
state of putrefaction after it has begun. An antiseptic prevents it, but does not neces- 
sarily remove it. Common salt is well known os a preserver of flesh ; nitrate of 
]io(iish, or 6.iUtietre, is a still more powerful one. Some of these salts act in a manner 
not noticed when treating of the preceding substances, via. by removing the woter. 
Meat, treated with these salts, gives out its moisture, and a strong solution of 
biine is formed. Chloride of culeium prevente, to some extent, the putrcffiction of 
wood. Alum, or the sulphate of alumina, is not a very efficient preserver ; but 
chloride of aluminum siufins to have been found more valuable. It is sometimes 
injected into animals by tlic carotid artery and jugular vein. Meat, usually keeps a 
fortnight: if well parked, clcaued, and washed with a solution of chloride of alu- 
minum, it will keep three months. 

Jhit in reality the salts of the heavier metals ore of more activity as disinfectants. 
It has been supposed that their efficiency arose fnini their inclination to unite with 
sulphur and phosphorus and there is no doubt that this is one of their valuable 
properties, by which they are capable of removing a large portion of the impure 
smell of bodies ; but they have also an inclination to combine with organic substaDces, 
and by this means they prevent them from ondergoin^ the changes to which they are 
most prone. The actual relative value of solutions it Is not easy to tell Most expe- 
riments have been made on solutions not sufficiently definite in quantity. Salts of 
merenry have hem found highly antiseptic. Such a salt is used for preserving wood ; 
the process is known as that of Kyan's, or kyanising. A solution of corrosive subli- 
mate, coutaii ing about 1) per cent, of the salt, is pressed into the wood either by a 
forcing pump or by means of a vacuum. The albumen la the snbstsnce most apt to 
po into putrefaction, and when in that condition it conveys the action to the wood. It 
is no doubt by Its actiou on the albumeu that the mercury chiefly acts. Thin pieces of 
pine wood, saturated fur four weeks in a solution of 1 to S5 water, with the following 
salts, were found, after two years, to be preserved in this order*. — 1. Wood alone, 
brown and crumbling. 2. Alum, like No. 1. 3. Sulphate of manganese, like 1. 
4. Chloride of lino, like 1. 5. Nitrate of lead, somewhat firmer. 6. Sulphate of 
copper, less brown, firm. 7. Corrosive sublimate, reddish yellow ai^ still firmer. 
In an experiment, in which linen was buried with similar salto, the linen was quite 
consumed, even the specimen with corrosive snblimate. Other experimenta showed 
salts of copper and mercury to protect best— Gmelin, 

Nevertheless, all these metaUio salts are found true nreservers under other condi- 
tions. Chloride of manganese, a enbstanee frequently wrown away, miw be used, ae 
Gay-Lussac and Mr. Young ^ve shown, wirii gi^ advantage, and Mr. Kmchorie has 
shown the value of fhe'acetale of iron. Mr. Boncherle's proeeae is tery peculiar. 
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Ha ftadt tlM tm. when living, with the eeatale of iron, hj pooling it into a trough 
dog nioiiad the root The tree, when cut down, hit its poree Elled with the mlt, and 
the nlbomen in the tap ii prewentcd from deoompoeing. For preeenmtion of Tegetable 
isid natmal fwbetaneei. leo PurnrAonoM, Pebtimtiov or. 

The chloride of sine of Sir William nomett ii alto a Yaluable dieinfeettut and has 
ttM power than it would eeem to poaaeei from the experiments quoted above, 
^oodt ecw^ and canvau have been preserved by it under water for many years. It 
hai the advantage also of being so icittible as to take up less room than most olhcT 
salts, alUiougli liquids generally are inconvenient as disiofeetants in many places. 

Nitrite of lead is a dUiofeetant of a similar kind { it lays hold of sulphur, and the 
base unites with organic compounda All these metals are too expensive for general 
use, and can only be applied to the preeervation of valuable materials. Even iron \n 
mnoh too dear to be used as a disinfectant for materials to be thrown on the fields 
as manure. All aje apt to be very acid, a state to be avoided in a disinfectant, 
unless when it is applied to snbstanees in a very diluU' state, or m an active putrid 
state, and giving out ammonia.— R. A. 8. 

This subject is forther developed by the writer in his report to the Osttle Plague 
('onimlssion, 1B60. 

r>18TlLLAT10N. Distillation consists in the conversion of any sabvtanee into 
vapour, in a vessel so srrsnged tliat the vapours are condensed again and collected in 
a vesMcl apart. 

The word is derived from the Latin dtJt and «fi/7o, I drop, meaning originally to 
drop or fall in drops, and is very applicable to the process, since the condensation 
generally takes placid dropu iae. 

It Is distinguiMhcd from MuUmattan by the confinement of the latter term to casc^ 
of distillation in which the product is solid, or, in fact, wlicic a solid is vaporised and 
condenseil without visible liqiiofnction. 

The operation may simply consist in raising the temperature of a mixture siiflU- 
denily to evaporate the volatile ingredients ; or it niav involve the decomposition of 
the* substance heated, and the condensation of the proilucts of decomposition, when it 
IS termed drutrucUve dtstdlaium ; in most cases of destructive dirtillation the ImkIics 
opt^rated upon are so/iJ, and the producu liquid or gaseous ; it is then called dry di*~ 
liUtttwn, 

In consequence of the diversity of temperatures at which various bodies pass into 
vapour, and also according to the scale on which the operation has to be carried out, 
an almost endless variety of apparatus may be employed 

Whatever be the variety of torin, it consists essentially of three parts,— the retort 
or tfi//, the ctmdfHsrr^ ond the recetter. 

Oh the email kco/c, in the rhemteal laftoratory, distillation is performed in the simplest, 
nay by means of the common glass retort a, and receiver 6, as irk Jig 651, The great 



advantws of the glass retort are that It admits of eonslant observation of tbe mate- 
rials within, that it is acted upon or injured by but fowsnbetanees, and may Iwclmed 
vith facility. Its great disadvantal^ is its brittleness. 

The retort may be either simple^ as in^. 659, or tnbnlsted, as in flg, 651 (a). 
Retorts should generally be ehoaen siAfoeiitly convex In all partsi the degree 't 
corvatuie of one part passing gradually into that of the neighbouring portioni, as is 
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rf»pr^cnied m the figure ; the p«rt to be beftted should, moreorer, be M unifbnn in 
IMunt of thickness ms possible* The tubulsted retort is more liable to crsck than the 
plain one, on account of the necessarily greater thickness of the glass in the neigh- 
bourhood of the tubulature *, nevertheless it is very convenient on aoeenni of the 
( iciliiy which it offers for the introduction of the materiale. 

In charging retorts if plain, a fhnnel with a long stem should he eniploved,lajivoid 
Milling the neck w th the liquid to be distilled when a solid bna to he latr^nced it 
18 prefamhle to employ n tubulated retort i and if a )K>wdered solid ia to be mixed with 
a fluid it IS preferable to introduce the fluid first. 

Heat ina} be applied to the retort either by the argaod gas fiamc, as in/y. 651, or 
a w ater, oil, or sand bath may he employed. 

iu distilling suriouB subitaiioee. e. e., eulpharic acid, great ineonvonicooe ia expe- 
rienced, and even danger incurred, by the pheuomenoii termed ** bumping.*' Tina 
«*on8iiis in the aecurnutmiou of Urire bubbiet of vapour at the bottom n the liquid, 
wikich burnting cause a forcible expulsion of the liquid from the retort. It is pre- 
vent* d h> thelntroduction of a few angidar fragnu'nts of solid matter of such a nutun* 
as not to be acted upon by the liquid which is to be distilled. Nothing answers this 
purpose better than a piece of platinum foil out into a fbiuge, or even a coil of plati- 
num wire introdured into the e<dd liquid before the distillation is commenced Kvcii 
with this precaution the distillation of sulphuric seui, which it is ofien desirable to 
perform fi>r the purpose of its purification, ia not unattended with ditticulty and 
daiigir. 

Dr. Mohr suggests the following iitcf hod *: — \ glass retort of about two pouiidn 
rapacity, ts placed on a cylinder of sheet mm in the centre of a small iron furnace, 
while Its neck protrudes through an opt. nmg in the Hide of the furnace ( flif. S'lS ). Ignited 
charcoal is placed round the cylinder, without luniig allowed to come in contact nilh 
the glasa, and a eiirreni of luH air is thua made to play on all parts of the retort 
excepting the bottom, which is protected by tis supiMirt. There is a valve in tlie flue 
of ihe furnace (or regulating the draught, and three hinall doors in the cupola or head, 
for viipplying frci»h liul on every bid< , and for oWrving the progress of the distil- 
lation. 

Instead of flu sluet iron e>lind<r a lussian crucible iiiuy lio oinployed. and this, if 
ri quisi e, elevated by placing it on a briek. If the vapour V* very readily condensed, 
not lung more is necesHar) tli«ui to insert the extremity of tin retort into a gloss receiver 
as in 6 'j1. 

If a more efficient condensing arrangement be requihite, nothing ia more convenient 
f<ir use on the small scale than a l«iebig*s condenser, shown in Jvy. 054. It consists 



simply of a long glass tabs into whiei Iht neck of the retort is fitted, and the ^posits 
cztieroity of which piMset into the mondi of the receiver \ round this labe ia fitted 
another either of ghun or meui, and between the two a current of water is made to 
flow, entering at a and paanng out at b. The tero|ieraturc of this water may be 
lowered to any required degree by putting ice into the reeervotr e, or by dissolving 
salts m it. FnsKsnto.) 

Even on the small seals it ia sometimes neocisary to employ dietillatory nppnratiis 
constructed of other nmteritls besides glass. 

* M«br JinS ntuliKKid** Pnkctiril rhsmscf. 
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Etirch^iiwtra rctorti are now (iooftnictal of oonrenioiit tls«i and thapca. 
Tlwra la odo kind — whiah if verjr uitfbl when it it requirad to pan a gat into the 
retort at the tame time .that the diitiUaiion it goin^ on, at in the prepararum of 
ehloride of alamininm, &c. — whieh hat a tube patting down into it hIm made of 
earthenware, at injtg. 6S5. The cloaett are of Wcdgewood ware, but a commou clay 
retort may he made impermeable to gaaea, by wathiog the turface with a aolution of 
borax, then earefully drying and beaung them. 

Betortt, or flatkt with bent tubet, whieh terew in thus (Jig. 65G), of copper, are 
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ciiiploycd when it it requiti c to produce high t* niperuturet, at for the preparation of 
beiiioic from bimioie acid and baryta, or in iiiitkiiig marab gat from an ncoute &c. 

In ditlUliug hydrofluoric acid the whole apparatus thould be conitrucied in lead; 
the receiver contiiting of a 11 •thaped tube of lead, w hich it fitted with leaden ttoppera 
to at fo terre fur keeping the acid when prepannl ; or a receiTcr of gutta percha may 
be employed with a ttopper of the tame niatenul. (Fig. 657.) 

For many piirpotet in the laboratory at, for initance, the preparation of oxygen by 
heating binoxidc of manganete, — in the manufacture of ^itattium, &e. &c , wbe^re 
high teni[}cruturea are required, the iron bottlct in which mercury is imported from 



Spain may be employed, a common gun-barrel being tcrewed into them to act at a 
delivery tube or condenter, (Fig 658.) 

On a large tcalc an almott endlett variety of ttillsbave been and are atill employed, 
which are conttructed of different inater'ialt. 

Tim common “still ** eontittt of a retort or still proper, in which the substance is 
iD^tWt and a oondenaer commonly called a “worm ** on account of iti having flre- 
qiiently a Spiral ahape. The retort or ttill it generally made in two parts ; the pan 
or n»/>/>er, which is the part to whieh heat is applied, and it commonly set in a furnace 
of brick «ork, and the “ head*' which it generally removed after etch operation, and 
refixed and luted upon the pan when again nted. The eondenaer or worm it com- 
monly pltced in a tube or other vetael of water. (SeeAf* 661*) 

The ttill may be cither eonatrueted of earthenware, or, at it very commonly the 
case, of copper, cither pltin or electro-plated with aiiver, acoordipg to eircumttancet ; 
lets frequently platinum it employed. 

The ttill is either heated by an open fire, nt In Jig, 658, or, at U now very commonly 
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the eWt hj steam. The still-pan (flg, 659) is surrounded by an outer eopper Jacket, 
and steam is admitted between them ttom a steam boiler under any required prvs* 
sure. In this way the temperatura may be regulated with the greatest nicety, 

659 



Various adaptations for heolins by steam liare been appropriately arranged in a 
very convinient form by Mr. Gotfey, of llunbill Row, Finsbury, in his S(»-call(>d 
IVuIapian Still. It is in fket a veritable muUum la porno, being intended to afford to 
th4' phnniucentieal chemist tlie means of conducting the processes of ebullition, disiillii- 
tion, eva|N nulon, desiccation, &e., on the small scale, by the heal of a gas-fhmace. 
The folloving eut (Jig G6U) repreients this apparatus. 
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valvt lav ibttltiBg off the iteon from t, vben it pouct through the tnbe M, other- 
fpiao It would pMt through l, uud commuoieute heet to the dr^rig elo8<*t o o, und 
Ihun theooe to the ooudeoser t t. o ie u leeoDd oviporaltM pun orer the drying- 
ohiiet Another nmugement for diitilUng by tteam ii ehowA 661 

Sonietimee also distillation is effected by passing hot steam throuirh a worm con- 
tained witlfii the still, instead of or in iMition to, the application of beat from 
without 

The worm or condenser is frequently constructed of earthenware, and set in an 
earthenware ressel, these are rery eoneenteut when the operation is not to be con- 
duoted on a very large scale, and only at a moderate temperature They are now to 
he oMained of all mannlbeitirera of stone- ware articles More commonly the worm 
IN of copper, tin, or copper lined with silver, and in some rate eases where the liqiiuls 
to be distilled act upon tioth eopiier and silver, of platinum, (fiy. 662 ) 



veriel of a prismatic form which oeeuples hut little space : the water employed for 
condensation enters at the bottom and passes out at the top. 

Gadda'i eomtlenter is represented in JUf, 664. It consists of two conical vessels of 
metal, of unequal sise the smaller being fined within the other, and (he space between 
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iheiD doted at the bottom. Thm arc placed io a tub BlleU with cold water, which 
ctiiiiee in cootaci with the inner and otiu^r turihcee of the conef^ while the space 
between is occupied by the rspour to be condcuaed. This condenser it suli||ect to the 
objection which applies to the common wonn, that it cannot be eaaily and eflicienllj 
cleaned. 

To obviate tbit, Profetaor Mitaclierlieh hat proposed a Tcry tiniple nodidcaCton in 
its form, in which the inner cone is morabie, to that, when taken out, the intervening 
apace between it and the outer cone can be elraued, and then the inner cone replaced 
prevjooaly to commencing an operation. 

DmiiUatitmof — In the maoufactnre of ard^nl spiVito, the alcoholic liqnor 
obtained by rarmeniation of a aaediarine eolution It tu omitted to diatiUaiion \ Oio 
alcohol being more volatile than the water p at t e a over first, but invariably a eonaider- 
tble pniportion of water ii evaporated and eondenied with the alcohol. To teparitc 
thie water to the required extent it tt asoeteary either to eubmit the product to redic- 
tillation, or to contrive an ap|iafaiu« each that the product of this first distillation is 
returned to the still until a ^irit of ths required strength U ebtainsd. 

One of the earliest and simplest contrivaiiossforelfectingthe latter object is the still 
invented by Dorn, which it employed up to the present time in Germany (Jig, 605). 
A it the SI ill, heated by the direct action of the fire; n the heed, fi'om which r convey t 
vapour to a small refrigerator, for the purpoce of teating the strength of the dinillate \ 
i; is an ordinary condenser containing worm, ficc. The intermediate copper vessel 
answers two pur|Mtscs; the upper part o forming a heater fat the wash, while the lower 
compart incut d acts as a rectifier. The heater c, when filled up to the level of the 
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cock M, contains the exact measure of wish for charging the still \ the contents caa 
be constantly agitated by the rouscr i. The still sod heater being both charged, the 
vaponr will at first be completely condensed in passing through the worm y, and fiow- 
iog into D will close the aperture. When the contents of c become so hot that no 
mo^ eondensatton occurs, the vapour will escape by bubbling throngh the liquid in d, 
which latiir rapidly becomes heated io the boiling point* and evolves vspours richer 
in aliohol, which in their turn arc condensed in B. 

In this manner, by one operation, spirit coouining about 60 per cent of alcohol ie 
obtained. 

Of the recent improvemente on Domis still two only need be described ^—Co6^cy*l, 
which has io a great measore replaced all others In thiacountry* and Derosne*!, which 
is extensively employed In France. 

Cofiey's still far sorpassea any of thoae before described. It wu patented in 1892, 
and baa proved meet valuable to the fiiitilier, since it yields the strongest spirit that 
can be obtained on the laige ceale. 

Ita oMcota are twofold let, to oeonomiK the heat, as rnneh aa possible, by ex- 
posing mt liquid to a very extended heated surfiice ; find, to eanee the evapontion 
of the alcohol from the waoh by paasinn a currant of steam through it 

The wash is pusspad from the ** wa^ obsrger * into the worm tube, which pesses 
from top to bottom of tho rectifier* In circtuatlim tbroogb this tube its temperatnre 
is raised to a eerlaaa axtent Arrived at the lest coDvolnthm of ibe tobe in the 
reetifier the waqh posses by the tube jixiBattbetoporthe**aiinlyier.'' ItfoUssnd 




Improved Apparatus of dCneas Ocffip an I of Itromt v* nejr 13 u, for the Distulutwn of Sp rit. 
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colkctf upon the top iholf autil thin ovcrfiowa, nhcnee it fhIU on to iIm ifeoiid ihelf 
and 10 on to th^ bottom. All the while steam is passed up fVom the steam boiler 
through fine holes in the shelves, and through valTcs openins upwards. As the wush 
gradually descends in the analmr it becomes rapidlr weaker, partly (Von conden- 
saiioD of the steam which is ^sed into it, and partly firom loss of alcohid, either 
evaporated or expelled by tlie steam t till, when it arrives at the bottom, it has part«d 
with the laet traces of spirit. At the same time the vapour, ae it riiee through each 
shelf of the anal}scr, becuniee continuously richer in siruhol, and contains less and 
less water in conM^quenee of its conUeniation ; it then pasMW from the top of tiu* 
analyser in at the Imttom of the lower comparinicnt of tlie rrciifier. Here it nseeiids 
in a similar way, bubbling through t^ie deteeudiiig waiih, until it arrives at r, abo^e 
wliieh it meril) circulates round the eailier windings of the wash pipe, the low tern- 
peratiin* of « hieh condeuses the spirit, which, collecting on the shelf at r, flows off 
by the tiilie into the finished spirit modenter. 

In order still flariher to ecoocmiNC heat, the water for supplying the boilrr is made 
to phss through a long coit of pi|><\ immersed in boding hot spent wash, by wimli 
TitcanH ns temperature is raised hefote it enters the Imiler. In flirt the saving of furl 
b\ the einplo>mrnt of this still ts aO great, that only about tbree-foiirtlii of the 
quantity is conaiinied that would bi* r«H|iiisite fl>r distilling any given qusntity of 
nioiihid in the ordinary stills and Dr. Muspratt e«t«niates that in this way a saving 
w II Ivo rflccted throughout the kingdom of no le*>s than 140,000 tons of c*wl |)er 
annum. 

Vrr.v r« w persons have any idea of the enomnotis tise of some of the distillrries. 
4 hie of Mr. l’offey*8 stilla at Invctkritliing works off 2000 gallons of wash per hour, 
and one, more recently erected at liCiih, upwards of .1000 gallons. 

Deromtet utiti is vetj sinniJar, tu iho principle of its mhiun, to Coffey’s, diflering in 
007 fact only in the meohanieal 

details by means of which the 
result is obtained. 

It consists of two stills, A 
and o.yip. 667. The mixture 
ot steam ond alcohol vapour 
fVora A passes into the liquid 
in B, which it raises to tho 
boiling point. The vapours 
from D rise through the dmot- 
latory column o, and d (tho 
reclt/icatiny column); hence 
they traverse the coils of 
tubing in n (the comfenser and 
wiW heiUer), and the alcohol 
is floslly condensed by tra- 
versing the worm in w (the 
rtfri^rator), wbeneu it b deli- 
vered at X. At the same time 
a steady current of the ori- 
ginal alcoholic liquor is ad- 
mitted I’rom the reservoir h, 
into the exterior portion of the 
condenser f, by means of the 
tap, the flow fVom which is 
regulated by the ball cock g* 
Whilst condensing the spirit 
in the wpmi the wash has iis 
temperatnre raised, eaiwcially 
in the upper part, and thence it 
ascends by toe tube h into the 
healer ■, by tkc small orifloes 
668, where it is still 
further heated by the current 
of heated alcohol which has 
risen into the worm firom the 
stills, whilst at the same time 
assisting in (he eondsnsatioa 
of the spirit. After perlbrm- 
bg its ofiee of eondrasntipn, 
and when iieirl|yat the boiling point, the aboholic liquor passes out Jby the tube A end 
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Il QotMltictiHl to tbo lop of tlic AifUillattMTy column c. Ilcrv it trickltm down ovtT 
a icrii*# of leuticular diK's of metal (ihoira in /tg. 66H to cootrivod at to n‘tard it* 





prof^n'Hi into the itill n,aiid yet permit ^|n 'll 

the afieciu of the Meaiii. In thik dis- J *' * |]| 

tillatory column (c, G70) it imoti I H 

the f team iwin^fVom the ctill u. The A I H I 

greater part of itt alcohol is ex|>idli*d, I ^H I i 

which, traversing the senes ol con- -jy || TTn — j — 

deiisers before described, is ultimately I ^ ^ | IjU u 

li<|uei(Kl and collecU-d at z; but, to II “1 ^ | P fc? 

complete the rectification, it dvkcetids \\ a a ,, 

into the still n, and, when above a | l\ Jj 

certain level (mtn), into a, vrhich stills |*\ I \ I 

lieing heated b) a furnace beneath, the -2/ 

final expulsion of alcohol is nn’oiii- , ' Tl"ir ' [( . 

plished, and the hficiit liquor run ott 

. tOL - fe 

The details of the const met ion of i 

the apinnitus eniplo) ed in the dih- < » 

tillation of apirita have liecn here g iv en, < i ’ yM i w-MV 

since this process is wrhaps one of the * i > irfr? 

ii.Qst important of toe kind; but va- ! ilBJ8 ' ! 

nous niodillcations are eniplo) ed iii | SHC ! , 

the distillation of other liquids. i » T^*-|'f *' 

In some cases, iinusually effect uni i , » jiy TJ 

condensing arrangements are reqinied, t HjjB 1 1 

us in the manufacture of Ether, I'hlo* * 1 1 IQLjr 

KoroxM, UisuLPHiDB OS CARnoN, aud * KB ■ * 

Hiohlomub or Caxiion. ^ BWK ’ * irTTTp 

In others higher temperatures are 

necessary, as in the distillation of ml- ' ^ -iSBBIK- - 

phuric acid. 

When the liquids to be distilled are acid, or otherwise corrosiTe, great care has tr« 
lie taken especially that the worm or otber condenker is of a material not acted u]Km 
by the acid See Aoasno Acid, and Sc;i.Fnuiuo Acto. 

The term distillation is sometimes a^pplied to casei of the Tolatilisation and subse- 
quent condensation of the metals «ilber in their preparation or puriScation. 
jUn eases like werenry, potaasium, and sodium, whssa they are condensed in the 
^l^iid state, or visibly pass through this state boitaM violacilintion, this term is quite 
appropriate t but where the fusing and vaporiilag points nearly coincide, as in the 
cAsu of arsenic, the term sublimation would be more esAlahk^ 

Nevertheleu it is difficult to draw a precise line it dtlaareatlim between the two 
terms ; for in the cases of sine, cadmium, &e., the install being melted before vola- 
tilisation, and condensed likewise in the lionid states thttocm il oertainly correct 
For the details of oonstruetion of the distillatory apparatos we must to the 
articles on these several metala 

i>isfiffiifio;>rrdr*rrN«um it a term impitmrly applied le certain oases of diatillation 
where the vspom ih dense, and may be collected bj descending through a tube wbi^ 
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DISTILLATION. DESTRUCTIVE. 

Ii.ih All ot>eniBg in Ui« top of the difiUlatory Tttielf, and dMoenda through tha body ot 
tilt* s^wA iu which tpa operation of araporatiou ia going on, being collected below. 

TliU ia clearly merely due to the fhct of the vapour being oven at 0 high tempera* 
lure more denae than attuoapherie aiit and might be performed with any Wy forming 
tt dfitae vapour, auch aa mercury, iodtne, attic, foo. 

It liaa, howevcri practically h^n oondned to tly tmgliah proeeaa of refining 
8i'e ZiMC. 

i'he two moat remarkable caaet in which the prorem of deatnieUve dlatillation ia 
curried out on a manufacturing acale, arc tha drv dittillatioo of wood, for the manu- 
lacture of wood charcoal, aoetie aeid, and pvrozilic apiril (which aeo)} and of coal, fur 
the purpoae of obtaining coal gaa, and coke Tlita proeeaa will be found folly de- 
ar nM To the article on COAL-oaa. 

DtsuUation of KMtntutt Oi/t or EtaiMWi. — The aepariiion of volatile fiavonring 
oila from plaota, foe* by diatillatkwi with water, wilt he folly treated under another 
head He« PkurirHEUT, BaaLarm 

Jh'nu'tumal DuAitlaUuu.^—K p r ooiaa for the aeparation of volatile onnnie iubatancea 
(auch aa okla) ia very extenalvi ly employed in our naphtha worka under thla iiauie. 

if we hate two volatile hodiea togetlier, hut differing appreoiabty in their boiling 
laiintA, we find, on auhinittiiig them to dtatillation in a retort, through the tuhiilatun* 
of which a thennomcicr ia fixed, ao that lie bulb dipa into the Iktuid, that the tern* 
|H*rHture rmaiiia conataiit (or nearly ao) at the point at which the more volatile coii- 
hiitucTit of the mixture Imils, and the distillate conaiaia chiefly of thia more volatile 
tsign*du ni , and only aficr nearly the whole of it baa |«aa 4 .*d over, the tempcrstiiru 
iiM*s to the fioini at which the leta volatile body Iwiila. Before thia point has lieen 
1 1 ached, the receiver ia changed, and the second diatillate eolU^cted epuit. By suli- 
iniliing the firat product to repeated rediaiUlatioD, na long aa it! boiling point remains 
eonataot, the mine volatile conatitiient of the mixture ia ultimately obtained in a atato 
lit nliaolute purity. See Naphtiia* 

Thia mcilKHl niaj In fact he iidopted when the mixture contains several bodies ; 
and by changing the receiver with each diatinct nae of teiii|MTaiure. and repeating 
the proeena aeviTul tuiu ^ofractumal separation of the conatituetita of the mistnic may 
Ih* ctlected.- H. M. W. 

DISTILLATION. DESTRUCTIVE. Organic matters may be divided into two 
groups, founded on their capability (»f withstanding high temperatures without under- 
going molecular changes. Bodies that distil unchanm'd form the one, and those which 
hi cak up into new aod simpler forma, the other. The manner in which heat acta 
ii|H>n organic auhatancca difiera not only with the nature of the mutters operated u)Mm, 
hilt also with the temperature employed. We shall study the subject under the 
follow mg UchUb: — 

1 . ApparatuM/or destnietire disuHatitm. 

2 . JJestruetive dutillanon qf vtgt table mattere, 

S. Deetruetive dietdlation of animal mattere, 

4 . J?e«tructtve diehllation of aetde. 

5. Deeiruettve dihtiUaUan of Imne, 

0. General rewuuke, 

1. Apparatae far deetruetiee diMtillatton — Destructive distillation on a large acale ia 
most conveniently |)erformed in the cast iron retorta used in gaa works. Where quan- 
iitu*i of materials not exceeding fifteen or twenty pounds are to be operated on, for 
the imrpoae of research, a more handy at^ratua can be mode from one of the stout 
cast iron |iot8 sold at the iron wharves They are aemi-cylindrioal, and have a broad 
flange round the edge. The cover should be made to fit in tha manner of a saucepan 
lid. The apertuic by which the product! of dbtillatian am to be oarried away ahould 
be of good size, atid the exit pipe moat not rile too high above the top of the pot befom 
it turns down again. This is very essential in order ^mmnt the less volatile portion 
of the distillate from eoiideiwiog and foiling back. The exit tube should conduct tho 
products to u n*cpiver of eonsidtrable capacity, and gf auoh a form as to eimble the 
solid aud fluid |iortioDs of the distillate to be eiiily got at for the purpoee of examin- 
ation. From the laat vessel another tube should condnet the more volatile prodactc 
to a good worm supplied with an snipla stream of cold water. If it be Intended to 
examine the gaseous sohstanees yield^ by the substtnoes nnder examination, the exit 
pipe of the worm mnat be oonnocted with another apparatus, the Datum of whleh 
must depend on the elgm of bodico whleh ale expected to come over. If the moat 
iolatile portions am expeetadso ba basic, it will be proper to allow them to stream 
throngh one or mom WWfii^lbotflfS half filled with dilute bydrochlorie acid. Any 
very volatile hydracarbona of tha<0*H* flunUy which escape may be arrested by 
means of bromiaa water in attatber woulfc's bottle The pmsmam in tW* 

Wonlfe*s liottlee moat be pmvented frofn beeomlag it o great, or the leakage between 
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the tUnfe of the pot and its ooTcr will be eery considerable. The luting may consist 
of finely sifted Stourbridge clay, worked up with a little horse dung. A few heavy 
weights should be placed on various parts of the lid of the ptM, so as to keep it close, 
and render the leakage ns little as possible. For the destructive distillation of small 
quantities of siibstanres. 1 have been accustomed for a long time to em|*loy a small 
still mnde from a glue pot. and having a copper bead made to fit it. The luting for 
nil Umipcratun s not reaching above 700 may be a mixture of Jtlis lins(M‘d and jlli 
almond meal, made into a mass of the consistence of putty. For the apparatus em< 
pluyiHl in the destructive distillation of wood, coal, honea, '&c., on the large scale, the 
^aiious articles in this work on the products obtained from those substances must be 
eonsuited. 

*i. DeMtruetire duiiltaiicn of vf/jetabte nMricrf.w.The principal vegetable matters whieh 
are distilled on the large scale are wood and coal We shall consider these separately. 

Dettmetive dtattUaiion iff wood. — The products obtained in tho ordinary process of 
working arc acetic acid, wood spirit or methylic alcohol, acetone, pyroxanthine, xylite, 
lignine, paraffine, kreosote, or phonic acid, oxyphenic acid, pittncal, several homologucs 
of liensole, with ammonia, and niethylamine. I'hcre arc also several other bc^ii'g 
of which the true nature is imperfectly known. The greater part of the above sub- 
stances are ftilly described in seimrate articles in this work, Acetic Acid, Pa- 
EArnNK, &c. 

Peat appears to v icld products almost identical with those ftom wood. 

Donirw twe duthUation qfeoith — The nnnilier of substances yielded by the distillation 
of eoal ia astonishing. It is very remarkable that the fluid hydrocarbons produced at 
a lew tenpiraturc are very diflerent to those distilling when a more }>owerftil heat is 
employed. The principal fluid ]i}droearbons produced by the distillation and auhse- 
quent rectification of ordinary gas tar are heiixole and its homologaesj see IItdro- 
CARnoNS. Rut if the diitillaie is procured at as low a temperature as possible, or 
Boghead eoal be employed, the naplitha is lighter, and the hy4rocarlKWi which make 
its chief bulk belong to other series. See Napiitha. 

S. JDettruriive duttillatiom of ntumai mattcra. — Rones are the principal animal sub* 
stancoi distilled on the large scale. I'lie naphthas which come over are excessively 
fobttd, and are very troublesome to nmder clean enough for use. l*he products con- 
tained in bone oil will bo described in the article Naptha. Horn and wool have 
recently been examined with reference to the basic products yielded on distilling them 
with potash, llorn under these circnmstanecs yieldi ammonia and am}lamine. >Vool 
I find to affotxl anuiionin, pyrrol, butylnmine, ai^ am) famine, hly experiments on 
feathers, made some years agl^ although not carried so far as those ou wool, appear 
to indicate a very similar decomposition. 

The products yielded b) animal matters, when distilled per sc, are very diflerent 
to those obtained when a powerful alkali is added previous to the application of 
iicat If feathers or wool be distilled alone, a disgustingly fietid gas is evolvt d 
containing a Urge quantity of sulphur. Purt of the suljihur is in the state of sulphide 
<ir earbou. But if an olkali be added previous to the distillation, the sulphur is re- 
tained, and the odour evolved, although powerful, is b^ no means offensive. During 
the whole period of the distillation of oi^inary organic matters containing nitrogen, 
pyrrol is given off*, and may be recognised by the reaction afforded with a slip of deal 
wood dipped in hydrochloric acid. An interesting experiment, showing the formation 
ot pyrrol flroni animal matters, may at any time be made witli a lock of hair, or the 
featlier of a quill. For this purpose the nitrogenous animal matter is to bo placed at 
the Itottom of a test tulie, and a little filtering paper is to be placed half way up tbe 
tube, to prevent the water formed during the experiment from returning and frac- 
turing the glaba The end of the tube is now to be cautiously heated with a spirit 
lamp, and, as soon as a dark yellowish smoke is copiously evolved, a slip of deal pre- 
▼ioosly moistened with concentrated hydrooblorie acid is to be exposed to the vapour. 
In a hw seconds tbe wood wiU acquire a deep crimson colour. The fact of tbe pre- 
senoe of sulphur in wool* hair, or^other albumiBOus compounds of that description, 
\ may be made very evident to an hodienoe by tbe fbUowiiig experiment Dissolve the 
animal matter in very conoeotrated solntion of potish in a silver or platinum basin, 
with the aid of heat Evaporate to dTynes8,mM raise the beat at the end to fuse the 
potash and destroy most of tbe organic mattera. When cold, dissolve in water, and 
t.lter into a flask half fiill of distilled water. To tbe clear lli|nid M a little of Dr. 
Playfair's nitroprusside of sodium ; a magnificent purple tihi will be immediately pfo- 
dneed, indicative of the presence of sulpbnr. A very small quantity of bair or fla^l 
will suffice to yield the reaction. 

The above remarks on destructive distUlitidD apply principally to highly complex 
bodies, the moleculsr constitution of whiob Is ritber donbtful, os in tbe case nd albu- 
minous sttbstanci's. or totally unknown^ as vritb ^coals and shales. The destmetive 
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diKtilliition of organic wubmanctK of comparatively simple constitution, such as aculs 
ntirl alkalies^ sometimes yiclils pKNlucis, the relation of mhich to the parent substance 
can hi* clearly made but This holds more es|M‘eialU in the case of organic acids; the 
huhcs too often yield such complex results, that the decomposition cannot Ik* cxprt'soed 
b^ an ei|uatioo giving an account of all the products We shall study a few cases 
Si parutely. 

4 /iesfriirtiir dutiUntum 0 / ijrii/i — The d<*structi\e dihtillntiun of acids takes place 
in a totally <1 ITereiit manner, aceonling ah we lia\4' *i h:ii>e present or the opiTutioii is 
earned on without any addition. Man} if distillerl ftrr m timlergo a very simple rr- 
iietion. consisting in the elimination of carlionic acid and thi* foriimtioii of a pyrntruf, 
iliit if uii excess of Imso h« preheiit, the di « ompoaiti m often results iii the t*>riirition 
of n ketone (see Acbyomu). W'e shall oiler a lew <*s.amplcs of these deoompositiona 
(tallio acid, heated to about 419^ Fahr., it decomposed into pyrogallic and carlainio 
acids, thus — 

CM1I«0» > C“H*0« + StCO* 

Qsihe setd. V> rufsllU* scld. 

There are cases in which tho action of heat ufion organic acids results in the for- 
mation of two substances, not produci*d simultaneously, but in two epochs or stages. 
In rcACfions like this, the first effect is the removal of two equivalents of curlKmic 
acid, ami hy submitting the rosuliiiig acid to heat again, two more aro s(*parated. 
Umt« r ibeae circumstances, it is the second which is generally called the pyroacid. As 
an example we will take ueconic acid which breaks up in the inanuer aevn in the 
annex fd equations 


C**II*0» * CWH'O'* + 2CO» 

Sloionlr S( 1 1. i/OiiiHnlr s< Id. 


C 1I'0“ > C'*H*0* + SCO* 

Comrnlc WMl. Pyromwonlc Mid. 


U Will be seen that the h>drog«n reinaius unaffected. Perhaps the name pvroeo* 
mciiic acid would be pn‘ferablc to pt roiticconic acid, inasmuch aa it is derived from 
comenic acid in the same manner as pyrogallic from gallic acid. 

Ilut pyioacids arc nut always derived from the panmt acid by the mere elimination 
of eaibnnie ncid, (liusinucic acid, in passing into pyrornucic acid, loses two equiviilcuLs 
of 1.111 bouio acid, and six e«iuivAicnts of water, tbust-^ 

- C**IPO* + 2CO» + 6110 

Mucic acid. Pjromuck acid. 


It docs not invariably happen that the destructive distillation of acids perse rciulta 
ill the fonnatioii of a pyroacid, the disruption u sometimes more profound, the products 
lieing numerous and somewhat complex, l^t us take as an illiufiration a case where all 
the results can be reduced to an equation. Oxalic acid, when heated m a retort without 
Ufiditioii, yields water, oxide of carliou, carbonic and formic acids, in accordance with 
the annexed equation : — 

4CCH) ,H0) - 4CO« + 2CO + 2110 + C 1I0*,I10 

Oxalic acid. I'ortnii acid. 

The admixture of mnd, pulverised pumice atone, or any other inert substance in a 
state of flue division, often remarkably assists in reuderiug the decomposition more 
easy and definite. Thus, if pure sand be mixed with oxalic acid, the quantity of formic 
acid is so iucreased, that tM process if sometimes employed in the laboratory as a 
means of affording a pure and tolerably strong acid. 

We have suid iKat the destructive distillation of acida proceeds in a Tcry different 
manner according as we operate imn the arid itself, or 1 salt of the acid. The dis- 
tillation of the pure salt yields difierent prodacta to tboae which are obtained when 
the salt or dry acid ia mixed with a large excess of a dry base (such aa quicklime), 
before the application of heat In the former mode of proceeding, two atoms of 
the acid ure decomposed, yielding a bodv containing (for four volumes of vapour, see 
Fohmuljb) the elements of two atoms of carbonic acid and two of water less than the 
parent acid, such body is called a ketone. Thns when two atoibs of acetate of lime 
are distilled, the products are one atom of acetone, and two of carbonic acid. Of 
course the carbonic acid combines with the lime, thus : — 

2(C«H*CaO«) - C»H*0» + 2(CaO,CO^ 

AcsUls of Uua. Acetone. 

If, however, the salt is not of a very low atomic weight, and the quantities operated 
on are at all considerable, aecondary products are fomaed, as in the dry distillation of 
VoL. II. E 
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bniynto of lime, when* if tbr luhstance U not in very email quantity, carbon ii depcMited, 
nod a certain quantity of butyral (C*H*^) ia fc»nned, and probably other eubataiicea. 

At an illuAtration of the deconipotition undergone when acids are ditiiiled with a 
great eicess of dry base, we shall select that of benzoic acid, which under the circuin- 
stances alluded to yields beuxolc and carbonate ol the base. 

C«H'0* • C«ll« 4 9 (CO*) 

BtfiisMc arid. Iteiisole. 

h. De*trurtiife dUtillatim of boHM. — It has been found that the organic bases undergo 
a much simpler and more direct decomposition when subjected to dcstructiYc distilla- 
tioii iu presence of alkalies than when they arc exposed to heat without admixture, 
'riierv are two bodies altiioai invariably found among the resulting products, namely 
niniiionia and pyrrol. Iu this ret^tiect, thert‘fore, the organic alkalies behave like 
iithiT uitrugciiiMMl animal and vegi^table pn>ducts. The decomposition is almost 
ala ays rather complex, and it is very rare that the products ure sufficiently definite 
to be arranged in tlu‘ foi iii of an equation. The most couinion substances found, are 
tlie iileoliol buseK, and these art almost invariably of low atomic weight. One great 
difficulty coiiuecteil with researcliei on this subject, is owing to the fact of its Iteing 
aeldoiii that Che products are io sufficient quantity to enable a thorough knowledge of 
tlu‘ molecular cuustitution to lie arrived at. Unfortunately this information is much 
wnnteil in couti^quenoe of the numerous cases of isomerism to be met with among the 
alcohol buses. See Vonnuhs, (Chemical. 'I'lius it is difficult, when working on 
very small quantities, to distinguish between bimcthylaniinc and ethylamine, both of 
which have the formula C'lUN. 

it is remarkable that there is a great similarity between the products of the des* 
truetive distillation of some of tlic most unlike nitrogenous substances. This is con- 
spicuously soeii ill the case of bones, or rather the gelatinous tissues of boues. shale 
uiid coal naphthas, and cinchoiiiue. An inspection of the following table, compiled 
from a paper (by the writer of this article), ** On some of tEe Daam Constituents of 
Coal Naphtha,'* will render this evident. 


GvUtlnoui Tlituoi. 

ShMiu NaphUia. 

Coal Naphtha. 

Clnchonlna. 

Pyrrol. 

Pyrrol. 

Pyrrol 

Pyrrol 

Pj ridine. 

Pyridine. 

Pyridine. 

Ppidine. 

Picoline. 

Picoliiie. 

Picoline. 

Picoline. 

liUtidine. 

Lutidine. 

Lutidine, 

Lutidine. 

Cullidinc. 

('ullldlUG. 

Collidine. 

Collidine. 

: : 

Parvoliue. 

Chinoliue. 

Chinoline. 

- 

. 

Lcpidinc. 

Lepidine. 

- 

• 

Cryptidine. 

Aniline. 

- 

Aiiiiine, 



It is very possible time some of the above bases, having the same fonnulm, but de- 
rived from diflerent sources, will, in course of time, prove to be merely isomeric, and 
not nliBDlutely ideutical. The author of this article has quite recently found that the 
chinoliiie of coal tar is certainly not identical with that from cinchonine. The base 
from tlie latter source yields a magnificent and fast blue dye upon silk, when treated 
by a process which gives no reaction if the coal base be su^tituted. It is unfortunate 
that the reaction is with tiic latter instead of the former, as it would have added one 
more to the list of gorgeous dyeing materials yielded by coal tar. 

6. General Eemarkn . — The tendency of numerous researches, made during the last 
few years, has been to show that there is no organic substance, capable of resisting 
high temperatures, which may not be found to exist among products of destructive 
distillation, lly varying the nature of the substance to be distilled, and also the cir 
cuiustancea under wiiieh the operation is conducted, we can obtain an almost infinite 
variety of products. Acids, bases, and neutral substances, solid, liquid, and fluid 
hydrocarbons, organic positive, negative, and derived radicals, organo-metallio bodies 
all may be produced by the action of high temperatures on more or less compli- 
lated bodies. Much has already been done, but the fheta at present accumulated 
n>lnte merely to the superficial and more salient substances. On penetrating further 
below the surface far more valuable and interesting ikets will come to light — C.G.W. 
PrPTANY. DictamnuM, The ftaxinella. See RuTACEm. 

DIVIDIVI. or Lihi Dari, is the pod of a leguminous shrub, which is an indigenous 
production of Jamaica, and some parts of South America. Mr. Rootsey obtained a 
mean produce of 6 625 grs. of leather fbom 60 grs. of dividivi, while the same quantity 
of the best Aleppo galls yielded only a mean produce of 4-625. It appears, too, 
from Sir Humphry Davy's estimate, that 60 m of dividivi contain 8*0475 grs. or 
5.079 |)er cent of tunnio, and 60 g». of gall^ 9*18704 grains, or 8*450 per oent 
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Sixty f;Ti. of oak bark rleldad only 1 75 grains of leather } whence it fuUowi that it 
containf hot 9 805 of a grain of tannin to the diachui. or not more than rS4166. 

It haa been tried aa a dye tnatead of galU or tttoiaob, but iu uao for thia purpoae it 
almost entirely ahandoued. See LhATiian. 

Dividivi tmporud in 18(i3 and lbb4 . - I 8 C 4 


From Cura^oa 

Tons 

6^8 

riwl (mliir. 
£8,846 

Tout, 

420 

C'dRipiilrd 
rral valiif. 
£5,171 

„ New tiranada 

- 8,974 


l'iJ6 

7,577 

„ Vrnesuela 

in 

1.917 

19G 

2,3H4 

„ Other pans - 

35 

473 

76 

933 

3,868 

£4h hJ4 

1,318 

£16, Odd 


DlVlNtl 111 l«U A« it It frequently deeirahlc to raite fnnn th** bottom of 

the MO or rivi is, and to lay the fouiut itum piera and similar htriietuna some coii 
tn\ 4 inei was (haired to etiahU man t< • <«et‘iid lx low the Huter« and to austaiii hiiua( 4 * 
wliiii til ' The firat mutluMi adop't l «aa the \(Ty simple om of l(‘(rfnfr doaii a 
hi o ( Wfiirhud bell rertteally into tin watei. Aa the bell riisKuiUsi, ihe uir got 
oveipi fiaed, and the water roao in tin hell, hut naeer to the top, and within that 
H|4iei' till man waa auatained for foim nine. The air, hoaever, wok vitiated hy the 
prtK'i'SM •> ot reapiratiou, and the man had to he drawn np. It ia cuiioua to fimi that 

(^nily aa 1683 a Tery complete syattiu of diving without a bell waa deviaed. aa the 
tollowHig quotation will show. 

A I). 1 68J. ** William ond Mary, by the Grace, &c. dee. Whereaa John Stapleton, 
gentleman, hath by hu great study and exigence invented a new and extraordinary 
engine of copper, iron, or other inettal, with glaasea tot light Jointa, and to contrived aa 
M iHTinit a |H*rson enclosed to move and walk fVecly with under water, and yet no 
clov ly covered o^ci aith leather as aulhueiitly to defend him A‘um all the Junqiea of it. 
Also invented a way to force air mto any depth of water, whereby the person in the 
aforesaid engine may be supplunl with a continual current of fresh aire, which not 
only serves him for nspir^on, 6ut may utme btwu^ul for ccntinuimg n kmp brnniny, 
vhu k ht may rorry about wtth Aim in Ata hand. m • • Likewise a way to 

make the sanii again serviceable for respirarSn, and by contiimallT reiH^atiiig tbo 
o]N<riicbn. a man may remain a long time under water, in either of the said engines, 
witlKHit any other air than the sayd engines do coiitayne, whereby be shall be pre> 
aened from suffocation if any extraorflinary aecidont should inlerrupt the current of 
fix'sh air afore menconed.”— Jtef/frs PatenL MiMn Chan^. Edited by Uennrt Wooderojt. 

I'lie defects were many in this apparatus, and Dr. iiallcy invented a bell the object 
4 f w Inch was to remedy them. 

Dr. Halley^s bell was of wood coated with lead, and having strong glass windows 
almve, to allow the passajj^e of light to the diver. In order to supply air, a barrel waa 
taken with an open hole in the bottom, and a weighted hose hanging by, and fitting 
into a hole at the top. From this barrel the air of the bell was supplied as frequently 
as It ht^CiUne vitiate^ the barrels of air being tent down from above. Spalding im- 
proved upon Halley's bell, and again Fricw aid made some improvements on Spaliling'ii, 
but in principle these bells were all alike. The modem bells are nsually large and strong 
iron belts, w ith windows in the upperpart. Ily means of sn sir pump, placed on the sur- 
face, air is sent down to the divers in tlie bell, and the vitiated air is as regularly 
removed from the bell by other tuliet through which it escapes. These diving bells 
are lowered by means of cranes, and are moved almnt in the water by those above, 
signals being given by the men below. The difRcuity of moving this machine, rendera 
it still inconvenient, and recent attempts have Wn made to obviate this, by the con- 
struction of a diving liell upon principles entirely different. This new diving bell, 
to which the name of Tub mautilub has been applied, has proved so useful in the 
construction of some parts of tlic Victoria Docks, ana some works on the Seine, that a 
full description of it is appended. 

The nantilus machine » entirely independent of snspention ; its movements are 
entirely dependent on the will of those within it, and without reference to those who 
may he stationed without ) it possesses the power of lifting large weights, per er, and 
at the same time is perfectly safe, by common care in its operations. This latter k 
the greatest desideratum of all. These advantages must strike all aa conihining 
those requisites of iuceess which have been always wanting in the present known 
means for conatmeting works under water. 

The form of the machine is not arbitrary, hot depends entirely on the nature of 
the work to be performed, adapting itself to the vartoos cireumstanees attending any 
given imitiim. By relerenea to the annexed figures it will be perceived that wto at 
rest, being entirely eneloeed, its displacement of water being greater than He own weight, 
it must float to the snrfaoe (see fiy. 671) Entering through a naa-liQle at the top 
(which is closed either from inside or oatside), you diieend into the iateskr uf the 
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poftions of which tre willed off on cither tide, formiiig eharohcri i thete 
fhitthon ii« oociDeetcd at or nhar the hoUom of a pipe a o, which openi by a 



cock bt outwards to the external surrounding water. An opening in the bottom of 
till* luaehine of variable dimensions is closed by a door or doors susceptible of being 
o|ioiied or closed at pleasure. The chambers w w, are likewise connected at top by 



a smaller pipe e r, which opens through the top of the machine, and to which opening 
is affixed a flexible pipe, with coils of wire spirally enclosed. Branches on this 
lattOMiipe T, allow also communication with the larger or working chamber. 
jdHie sniihoe of the water placed on a float or Teasel for the purpose, is a receWer 
o^uriable dimensions, to which is attached at one end a hollow drum or reel, to the 
Itarrel of which is affixed the other end of the flexible pipe a, leading to the top of 
the nautilus. At the other end of, and in connection with the rereircr, is a powerfhl 
air-eondensing pump. This combinstion represeuts the nautilus u adapted to 
engineering woik. 

As to the tun/iu operandi: — The operator with his nssistants enters the machine 
through the top, which la then eloaed. To descend, the water-cock b is opened, and 
the external water flows into the chambers w w ; at the same tune a cock, on a pipe 
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«|NDlag from the chaiuben oolwards, b opened, in order that, the air oicaping, an 
uabterruptcd flow of water maj take place into the chanibera. The wtMght of waur 
entering the chambera cauaea a deiitruclion of the buojraucj of the machine, and 
the naotilua gradually ainka. Aa aoou aa It la Ikirly under water, in order that 
the deacent luaj he (|iiiet and without ahoek, the watcr*ci>ck 5, la eloaed. The iwn 
ceirer at the aurtkee being nrevioualy charg^ by the air pump to a denaity aonte- 
what greater than Uiat ot the water at the depth po>|Mwed to attain^ one of the 
branoh-cocka on the pipe r e, conneolmg the ehanibera at top, la opi^ned, and the air 
luahea into the working chamber, gradually condenauig until a denaity equal to tlie 
denait) of the water without la attained, thia la Ittdiuited by propter air and water 
gaogea. Tbeae gaum marking equal pointa, ahowmg the iquilibrium of forcea 
vritliout and within, the rorer to the bottom a la mmoved or raiaed, and communica- 
tion II made with the nnder water anHW^e, on which the nantiluaia resting. In order 
to more about in loealitiea where tidal ot enrmatt do not ailect operutiona, it ta only 
iieeenury tor the workman to step otti of the bottom of tlie nautilua, and placing the 
hand* against lU aidci, tht operator may more it (by pushing) in at > diredion 
W ht Tv (iirrenta or tide*!. hoae«er, ha«* Mway, it betiMUfs ncceiaary to di|)end upon 
itzt d p<iiuu fiom which iiioreiiienia may be made in any dtrev tmn Thia is accompliahed 
bv placing, in the bottom of the nantilua, stufling botea ot peculiar coiistruetion (mm, 
/ie 672), through which cables may insa over pulleys to the external aides, theme 
up through tuhcN (Co prerent their being worn), to and over oacillating or awingiiig 
pulleys, placid in the plane ot the centre of gravity of the nautilus, and theni^< to 
the pointa of atflamont respeouvely (Jiy 673). Tht utyeot to be gained by having 
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the twinging puUeya in the plane of the centre of gravity of the mass, b to hold the 
machine steady aud to prevent oseillation. Wuhtn the machine, and directly over the 
above stuffing lK>ae<i, are windlasses for winding in the cables. By working these 
windlasses movement may be effected, and of eonrae the numher of tbeae cables will 
depend on the variable character of the situation to be occupied. Having thus 
secured the means of descending, communicating with the bottom, and of movement, 
the next point b to ascend. Weight of water has caused a dcatmction of baojancy 
at first, and consequent sinking } if then any portion of tbb water b removed, an 
upward eflbrt will at onae he exerted exactly proportionate to the weight of water 
thrown off. The mr in the receiver at the surfkoe being eonitantly maintained at n 
higher denaity than that of the water below, if we open the water cook on the top 
pipe, e. e, throwing the ooodensed nir from the receiver above direetly on to tho 
anrfkee of the water in the chambera, movement and ecoaequent cxpntsioD of the 
water must take place, and un upward movement of the machine itoeU; which wiB 
nae to the anrlkee. 

It b evident that if, pteviooaly to the expnbion of the water, the naokBoc be affixed 
to any object below, the power exerted on that ol^ will be exactly DraportkMiate to 
the wei^t cf water expelled, and the power will eoniiBna berenmii^ wtil, then 
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¥eiaff no ihrtber weight to be thrown off, themazimnm effect if prodneed. To apply 
Aif power to lifting iiiafcef of etone or r^, proper ■iranpemcnta are affixed to tbo 
eenire of tlie opt‘iiing in the bottom, by which connection can be made with the 
weight, admitting, at the aaine time, the awi^ing aioand of the object aotpended, 
$19 that it may be placed in any required position. In the construction of permanent 
work, or the movement of oljects whose weight ia known, or can be estimated, n 
water, or, so called, lifting tube is placed on the side of tho water chamber, which iiw 
dicati'S the lifting power exerotsed by tlie naatiiua at any moment The advantage 
of thia gauge will be recognised, inaarouch as without it the closeat attention of the 
v|KTator, working very cautUiualy, would he necessary to determine when the weight 
was overcome i by its aid, however, the operutur boldly throws open all the ralvea 
necessary to develofie tlie power of the nautilus, watching only the gauge. The 
water, having reached the proper level indicating the required lifting power, he knowa 
the weight mtiat be ovcrcotiie, or so nearly so tliat the valve or cocks may be at once 
closed, 111 order that the movement may take place borizontally. A moment’s re- 
flection will show that, if there were not an index of this character, carelessness or 
inutlcntion on the part of tlic operator, b> leaving the cocks open too long, might 
developo a power gnwtcr than required, and the uautilns wonid start suddenly up- 
wani. The expansive power of air, acting upon the incompressible fluid, water, 
through the optming in the bottom, ^ves a momentum which, by succeasive de- 
velopments of expansion in the working cbaiiiber, is constantly increasing in ve- 
locity, nutik in any conaiderahlc depth of water, the rt‘sult would be undoubtedly 
of a very senoua ebumeter. Take, fur exempli Heation, the nautilus in tbirty-tbree 
feet of water, and bottom covers removed, and an eqailibrimn, at flfteea pounds 
to tho inch, existing between the air and the water at the level of the fa^toni of 
tho machine. Upward movement ia communicated the instant the machine rises 
in the alighteat degree, the existing equilibrium is destroyed, and the highly elastic 
qualities of air asaiimc preponderance, exerting from the rigid snrface of the water 
^•low, nn hnpulsivo effort upward in the direction of least resistance. At each suc- 
CiHwive moment of upward movement the impelling power increases, owing to tho 
increasing disparity between the pressure of air within struggling^ for escaf^. The 
machine, thus Mtuated, becomes a marine rocket (in reality), in which the propelling 
power is exhausted only when the surface it reached, and a new equilibrium is ob- 
tained. It will readily be seen that, were this difficulty not overcome, it wonid be 
iin|Kisaible to govern the nautilus ; for, rising with great velocity to the surface, 
the machine is carried above ita ordinary flotation, or water line, a little more air 
escaping owing to the diminished resistance as that level is passed ; the recoil, or 
surging downwards, causes a condensation of the nir remaining in the chamber; 
a poitKm of the space previously occupied by air is assumed by water ; the buoyant 
power lieeomcs leas, the mnchiiie settles slightly more by coodensatioii of the air, a 
larger space is occupit^ by water, and the nantilus redescenda to the bottom witli a 
constantly aocelcratiiig movement, seriously inconveniencing the operator by filling 
more or loss with water^ according to depth. For many months the difficulties just 
eiiumenit(*d baffled all attempts at control. A weight attached could be lifted, but 
the instant it was entirely suspended,— before the valves could be closed, — upward 
morement was communicated beyond coatrol This difficulty so ihtal has been over- 
come by an arrangement at ue bottom of the nantilas, with channels which 
ratliatc noui the opening in an inclined direction, debouching at the sides of the 
machine. The moment then that the air, by its expansion from diminished resist- 
ance, or by the introductioB from above of a greater volume than can be sustained 
b> the water below, nwches, in its downward passage, the level of these ehambera, 
following the direction of least resistance, it passes through these channels and 
eacaiies into the surrounding water, without of course affecting the movement of the 
machine in the least 

I'he pump for suppi jring air to the diving bell or other snitable vessel is represented at 
and € 75 , and it constructed as foltows i — 1> is a cylinder, opening at the upper 
lifeto a chamber or chambers r v, separated by a partition b. C>n the side of 
sh of these chambers there is a valve R R, opening inwards, and at the upper 
part of the same are two valves 1 1, opening outwards into the valve chamber o. 
Dutsidc the opening for each of the valves R, R, there is a cup. Into which the end 
of the water supply pipe li passes ; by this means a small stream of water is supplied 
^ drawn ftrorn it into the chamber r to supply the waste in the opera- 
he valve chamber o is covered with a Jacket ii, having a apace 
H ai^ the valve chamber that is filled with water from the water pipe M, 
^ stream of cold water to carry off the heat frrom the condensed air 
w^b u forced into the chamber. The water thus supplied circulates through the 
tubes in the chamber and round them In the Jacket, and thus cools the air in these 
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cylinder D br the itroke of the piiton c into the 
chamber r, which ii thereby filled with water, and 
thus the air is espelled therefWmi, a small quan- 
tity of the water passing with it and cofering the 
valyes, by which means they are kept light and 
wet. The air and water thus discharged, after 
passing around the small tubes in the valve 
chamber and being cooled, are forced outward 
and conveyed to the condenser. On the return 
stroke of the piston, the other chamber r is filled, 
and air and water expelled ftom it in like manner 
through its yaWc into the v^ve chamber. There 
is always a suHioient quantity of water in the cy- 
linder D and chamber v to fill the latter when 
the water is all expelled from the cylinder, by 
the piston c having been driven to one end of it, 
and when the piston returns to the opposite end 
of the cylinder the water flows in behind it, and 
draws in its equivalent in bnJk of air and water 
throogh the valve K. On its return, this Is forced 
out through the valve k Into the chamber i, as 
meniiooed above. The water being noo-elasHc, 
if the parts are kept cool enough to avoid raiaUig 
•team, this process may beoontinuod Ibrany length 
of time. A transverse section of this appafatua is 
shown in^. 675. 

Fuft, fi7e and 677 represent the speaking tnbe 
and alarm bell above rtferred to. The oonstmo- 
tion of diis mechinism is ss fonows;— •There is 
a hollow castiag, one portion of whkii is tflan- 
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giiWtf in ^nn, from one end of vhich a ihort tul>e a project!. This tul)c a has a 

aamr out on It, and a projecting flange at it! junction with the triangle. This is 

aerewed into the top of the 

dieing ▼ersel or armour 

from the inside, and pro< 

jecu through it to allow 

the coupling of a flexible 

or other hose to be at- 

tacbed to it At the op- 

posite angle, and in a line 

with «, there is a tubular fff/ * ^ 

projection 6, yiroTidcd with tti f ^ 

a screw to receive a cap/, ^ 

to which is to be attached p 

a piece of hose. Witliin J M 

the tube /, and at its June- | w 

tion with 6, is placed a thin 

diaphragm of metal or -j^l^yawOTray^ 

erther suitable material e, 

for which purpose, how- 677 

ever, a thin silver plate that 
just flts the bore of the cap 
/ is preferred. This dia- 
phragm closes all commu- 
nication between the diving 
vessel and the external air. 

By this means it is ca^y to 
converse through any re- i 
quired length of tubing. It ^ 
may be desirable to fit a 
stup-cock into the tubular 

projection 6, as a precautionary means of preventing the escape of air in the event of a 
rupture of the d apliragm. The uppcT part of the triangular enlargement of the 
speaking tube is tapped for a stuffing box at p, within which there is an axis fi, which 
runs from side to side of the said enlargement, and through the stuffing box at one side. 
(In this axis A is fixed a lever i within the said enlargement, which lever communicates 
with the aurfkce of the water by means of a wire fixed at its reversed end, and running 
through the whole length of pipe. On the outer extremity of the axis A is affixed a 
liammor, which strikes on a hell A connected to the tube, as shown in the drawing. 
By this means the attention of the operator below may be drawn to the speaking tul^ 
when it is required to converse with him fVom the surface of the water, and the men 
whose duty it is to attend to the operator below can, by placing their ear at the end of 
the tu1)e, hear the hell struck be- 
low us a signal for communication 

with them ot the surface. — ” 

I’lie only parts of the apparatus ‘ 

not yet described are the saw for - 

cutting the tops of piles to an uni- 
ft iriu level, the pump which enables 
the divers themselves to rise to the B 
surface in the event of the flexible yJ — 

hose being detached or ii\)ured, U B** — 

and the contrivance for screwing f^'fn p, \ 

an eye bolt into the side of the SEB■i^ 

The arrangement of the saw- d 

frame ^ connections are shown Ij 

i^iy. M. Only os much of the R /f 

iKom of the Nautilus is diown jy 

as will render the position of the 
MW understood, p w a pile which 
is required to he cut down to the 
name level as the others, k is the 
blade of the saw, » the framing 

i;y c. i>, the 

h«nSu f?® 5*^ bar K; to which is atUched the upright part of the 

handle which is laid hold of by the workman inside when working the saw. u, g, f. 
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a hrnt lever ‘with two Mction rollen at r which gaidee the law forwardi whde 
rnnkiDg the ent * ... 

The pump for Mcending in cmp of loeident to the air hose la not shown m the 
drawing. It is a simple force pump placed in the working ohatnber, by which the 
ballast water in w w, Jiy 672, can be pumped out so as to lighten the apparatus an- 
ciently to allow of Its ascent. 

The apparatus fur fixing the eye bolts is shown in fia 670. The operation of this 
apparatus is as follows : — It will be observed the chamWr d opens outwanls to the 
water, so that when the slidin{t partition or valve y is (breed down by the lever the 
cnmniunication of the water witn the ehamher o is cut oil. The lid z being removed, 
a bolt t (or other operating tool or instrument) is placed within the chamber c ; tho 
rod k is forced tlirouffh 9ie stuffing box / until the recessed end of the rod contains 
the end of the bolt ; the small rod > ts then screwed through the stuffing box n, until 
the screw on the end of this rod ba^ become affixed to the end of the bolt contained 
within the rceess at p. The lid x of ilic chest is then fastened on, and the partition 
or vali>c y raised, the stuffing box II preventing the escape of atr. < 'omntuniealion is 
thus opened between the chambers a and o, the lattei being open outwards. 'I'he rod 
t IS now pushed outwards by pressing ou the handle k through the stuffing box /, 
until till vessel or object to be operated upon is reaclud, when the operation is per- 



formed as required. It will be observed that the stuffing box prevents the escape of 
air out of the bell or the admission of water into it, the stuffing box n having the same 
tendency. After the operation with the tool or instrument is complete, the rod k is dis- 
connected by unscrewing the rodj, and is drawn into the chamber a by means of the 
handle k ; the partition or valve y is again lowered, and the operations above described 
arc repeated. It will hence he obvious that a num^r of eye holts might in this manner 
be snccesifully inserted in the side of a sunken vessel fbom the dtviug bell, so that by 
hooking on the ^'eamels'* the strain would be so distributed as to prevent injury by 
the process of lifting the said vessel. 

DIVING DRESS, or HELMET. The diving helmet is, in principle, similar to 
the liell. In one case the head is enclosed in an air-tight metal covering, to which 
nir is artificially supplied ; in the other, the whole body is in a vchsel fitted with pipes 
for the supply of fresh, and the removal of deteriorated, air. 

The diving helmet is made of thin sheet copper, which covers the bead of the 
diver, large enough to admit of finee motion, and pierced with three holes, which are 
covered with glass, and protected by brsM wire. The diver wears a waterproof 
canvas jacket, and to this the helmet, which comes down over the breast and back, 
is fastened so tightly that no water can penetrate. Two weights, each about iOlbs., 
are suspended to a belt which posses roaod the diver, one in fVont, and the ocher at 
the baoL This belt can be instantly unfastened in case of accident Fresh air is 
supplied by means of a flexible waterproof pipe, which is attached to an air •pump 
in me barge from which the diver descends. ^ii pipe passes under the divers left 
arm, and enters the back of the helmet, being so contrived that the ftesh air is 
made to impinge on the glasses, and thus prevents (hem in a great meason firam 
being dimmed by the breath. From the back part of the helmet there is also led an 
ednetion pipe, which carries off the breathed air. The attendanta on the surface are 
communicated with by a Signal line, which passes under the right arm. The diver 
descends fhmi the me of fie vessel by a rope or else by a wooden ladder, loaded at 
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the lovwr end, tbe weight being kept at a little height abore the groond. When the 
diver haa deseended, the weight is set down, and the rope aiockened, so that the 
motion of tbe boat may not obstruct his movements. Heavy weights are attached to 
his feet to keep him steady ; and he carries a line in his hand to guide him hack to 
the rope. A waterproof dress entirely covers him, and thus he may remain under 
water five or six hours, perfectly dry all the while. 

DIVINING. DIVINING ROD. The German miners who were brought over 
to this country at the instance of Qneen Elisabeth, who was especially desirous of 
seeing the mineral treasures of this country devebped,. first introduced the divining 
rod. It has continued to the present day to be occasionally used in the mining 
districts— not merely by the uneducated miners, but by men of education and intelli- 
gence— for the discovery of mineral lodes. 

The divining, or, as it is more fVeqnently called in Cornwall, the dousing " rod, is 
a forked twig of the blackthorn, the hasel, or the willow, of one year’s growth. It is 
placed on the open palms of the hands, the fingers are closed upon each limb of the 
fork, and the point of junction is then turned up towards the operator, and then, by a 
twist of the arms, placed outwards, so that it is held with the muscles of the arm in 
a most constrained position. The operator, called ** a donser,” walks over the ground 
to he examined, and the rod is supposed to turn downwards with irresistible force 
when a mineral lode is approached. There can be no question but the phenomenon 
in this case is precisely similar to that of table-turning. Jf'ixedness of will operates 
Involuntarily upon the rigid muscles of the arm, a movement is felt, and the slight 
impulse yielded to becomes greatly increased. Every fairly made experiment proves 
divining to be one of those errors which are bom of ignorance, and perpetuated 
through the neglect of the proper education of the mind Two or three well esta- 
blished positions may serve to remove this superstition from those minds which can 
be brought to reflect on natural phenomena. 

The divining rod is supposed to bend by virtue of some attractive power between 
the woody twig and the mineral lode. 

1. Place the most approved divining rod over a mineral lode, so delicately poised 
that a breath will turn it. The metalliferous matter will exert no infiuence upon it. 

2. Place the divining rod upon the open palms of the handa of the most approved 
** donser.** It will never move, however great may be the mass of metal 

Thui we have proofs that neither the metals, the twig, nor the man have any 
influence. 

3. Close the hands tightly, keeping the arms still in an easy position. No change 
in the position of the rod will take place in passing over any number of mineral 
lodes. 

4. Twist the arms in the way described, and then, and then only in the hands of a 
believer, will the rod bend ; and it is a chance if it bends at the right time. 

5. The divining rod is said to bend equally to water, hence it is used in some 
places to find that fluid ; to blood, therefore it was used to track murderers ; and 
to metals. 

It is to be remtted that the human mind should cling, with so much obstinacy, 
to the errors of uiose days when everything was seen through the mists of superstition. 

DOCIMACY. From the Greek AoKigo(w, I prove (Docimasie, Fr. ; FroUerkunatf 
Germ.), is the art by which the nature and proportions of an ore are determined. 
The art of assaying minerals, the separation of the metal This analytical examina- 
tion was originally conducted in the drv way, the metal being extracted from its mine- 
ralisers, by means of heat and certain nnxes. Bat this method was eventually found 
to be insufficient and even fallacious, especially when volatile metals were in question, 
or when the fluxes could absorb them. The latter circumstance became a very serious 
evil, whenever the object was to appreciate an ore that was to be worked at great ex- 
pense. Bergmann first demonstrate, in an elaborate dissertation, that the humid ana- 
lysis was much to be preferred ; and since his time the dry way has been devoted 
chiefly to the direction of metallurgic operations, or, at least, it has been employed 
j|i|ply in concert with the humid, in' trials upon the small scale. 

^Zfter discovering an ore of some valuable metal, it is essential to ascertain if its 
quantity and state of eomhination will justify an adventurer in working the mine, and 
smelting its products. Tbe metal is rarely found in a condition approaching to purity { 
it is often disseminated in a aangue for more bulky than itself; and more frequently 
still it is combined with simple non-metallio substance^ such as sulphur, carbon, 
chlorine, oxygen, and acids, more or less difficult to get rid of. In these compound 
states its distinctive characters are so iRere^ that it is not an easy task either to re- 
cognise its nature, or to decide if it can be smelted with advantage. Tbe assayer, 
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wlthmit neglecting mny of the external charmelere of the ore, leeka to penetrate, ao to 
■peak, into iu interior) be trituratcf it to an impalpable powder, and then mljeota 
it to the decomposing action of powerfhl chemical reagenti ; ■ometimes. with the aid 
of alkalies or salts appropriate to its natnre, he emplovs the dr? way by Are alone i at 
others, he calls la the sofreDt power of aoidi with a dimting heat ) happy, if 9iter a 
aeries of labours, long, ?aried, and intricate, he shall Anally aneoe^ in separating n 
ntttable proportion of one or more metals either in a pure state, or in a form of eom- 
bination such that from the amount of this known compound, he can infrr, with 
precision, the quantity of Ane metal, and thereby the probable yalne of the mine. 
The blow-pipe, akilfiilly applied, affords read? indications of the nature of the me- 
tallic constituents, lod it is therefore nsualty the preliminary test. The separation of 
the seveial constituents of the ore ran be affsctiHl, howeyer, only by a chemist, who 
joins to the most sxteniiye knowh^ll^i of the habitudes of mineral substances, much 
exitericnce, sagoeity, and precision in the conduct of snslytical operations. Under 
the individual metals, as alio In the artielei lliowpm^ Assay, Mataixorot, Migaa, 
and Ores, are presented such n copious and correct detail of dociinatic processes, as 
will serve to guide the intelligent studcMt throngh this labyrinth. 

DOfiOLiKO TRAIN OIL. The oil of the xfu/rmn rosfrafo. or liottle-nose whale. 

DOGWOOD Cornns aasyidfieu, a small ODdernuod known as the wild cornel, 
and as the common Dogwood- Little splinters of this wood are used by the wa'ich- 
niaken fbr cleaning ont the piyot-holes of watches, and by the optician for cleaning 
deeply-seated fmaU lenses. Its peculiarity is that it is remarkably free from stlex. 
Tonthpieki are aleo manufacture from dogwood. 

DoLLY. DOLLY TUB. A mtmn^ tfrm appUc«1 to a tub AUed with a perforated 
board, ihe duffy, to which a circular motion it given by a winch-handle, and thus im- 
parts a similar motion to the ore. See Mining and Ouxs. Dressing of. 

DOLOMITE (Dofomie, Fr.t Do/omil and /fiftsrm/A. Germ.) A name applied to 
Maanuian LisiefiCfie, In honour of a distinguished French geologist and mineralogist 
of the last century — M Dcodatiis Guy Sfiyanns Taocred de Gratet de Dolomieu 1 
This mineral is essentially a double carbonate of Itmo and magnesia, containing in 
the normal varieties— carinate of limC, 54*85 ) carbonate of magnesia, 45*65 ( but 
the relative proportion of the two carbonates is sumeot to considerable variation, the 
species passing on the one hand into carbonate of lime, and on the other into car- 
Iwnate of magnesia. In its general characters, dolomite strongly resembles calclto 
or pure carbonate of lime, from which, however, it may be easily distinnished 
by its superior hardness and density, and by cAWvescing less briskly with acids. 
At the same time its crystalline forms are neither so varied nor so complex os those 
of calcite, the prevailing form being a primitive rbombohedron, less acute than the 
corresponding calcite crystal ; and parallel to the faces of this rbombohedron the 
mineral offers perfect cleavage. These crystals have a remarkable tendency to 
present curved faces, and from (he nacreous lustre which they often possess, are 
commonly termed pearl fpar. The presence of protoxi^ or iron replacing tho 
analogous oxides, lime and magnesia, ofUm imparts a browa colour to the mlnerai 
after exposure to the atmosphere, whence such varieties are diitiagaisbed as drown 
spar. In this coantiy crystallised dolomite is common in the lead mines of Derby- 
shire, Alston Moor, Lea^hills, and the Isle of Man : the Anest crystals, however, 
ocenr at Traversella, in Piedmont 

The massive and Anely-granular forms of dolomite are very widely distrihnted, 
forming in certain districts rock-masses of considerable extent, and occasionally 
rising into mountains of characteristic boldness, well seen in the dolomites of the 
Tynil. In England, large deposits of magnesian limestone ocenr in the upper beds 
of the PerntioQ system, or that group of rocks which immediately overlies the 
coal-measures, and of which the upper beds are commonly known as seehstsin, a 
name borrowed from their German equivalents. The principal deposits ocenr in 
tho nortii-cast of England, extending from the mouth of the Tyne in a south-westerly 
direction through Dtfham and Yoikshire, into the counties of Derby and NoltiBg- 
bam. In theoe beds the dolomite frequently sssnmes singular ooneretionar j fonns ; 
whilst at Marsden, a few miles south of the Tyne, it presents a schistose stmetare, 
separating into thin layers of remarkable Aexibility. These dolomites are employed 
in the chemical works on the Tyne for the manufaetare of snlphste of magneria, or 
Epsom salts, although at present to a less extent than formerly. 

Dr. WUlism Henry, of Manchester, patented a process of the following kind:—* 
Calcine magnesian limestone so as to expel the carbonic acid) then convert the 
canstfe lime and magnesia into hydrates by moistening them with water ; afterwards 
add a suAlcient quantity of hydrMhlorie, nitric, or acetic aeid, or chlorine to dissolve 
the lime, bat not the magnesia, which, afrer being washed, is converted into inlpbatc 
by sulphoric aei^ or, where the cost is objectionable, by aulpitate of iron, which is 



CiO DRAGONS BLOOD. 

«Mlly dMCNnpmied by miignPMla.' Or the miied hydretei of lime end magnesia are 
to be added to bittern : chloride of calcinm ii formed in solution, while two portions 
of magnesia (one fkoni the bittern, the other firom the magnesian lime) are left unacted 
on. Uydroohlorate of ammonia may be used instead of bittern ; by the reaction of 
this on the hydrated magnesian lime, ehlmide of calcium and caustic ammonia remain 
in solution, while magnesia is left undissolved ; the ammonia is aeparated from the 
decanted liquor by distillation. See Maomkbia, Sultciatb. 

Dolomite has also been employed by the late Hugh Lee Pattinson. for the manu- 
facture of the Carbonate of Magnesia, which see. 

As a building stone, the dolomites have been highly valued, those varieties being 
regarded as most durable which present a crystalline structure, and in which the 
carlHinates of lime and magnesia exist in nearly equivalent proportions. Tho 
quarries in the neighbourhood of Bolsover Moor, in Derbyshire, supplied the mag- 
nesian limestone employed in the constmetion of the new Houses of Parliament. 
See Htdracltc Cruemt. 

DONARIUM. Dr. Rergmann received through Mr. Krauts a mincrnl from 
Drerig in Norwav, which is found in the same airoon-iyeuite that contains wohlerite 
and eukolite, and he discovered in it tlie oxide of a now metal combined with silicic 
acid, 'lliis metal he calls Dofiorii/m, after the god Donar, and he assigns to it thu 
symbol— Do. 

The silicate of the oxidq of Donarliim, Do*0*,SiO*+ 2110, is yellowish red, in 
some foagments passing into brown, in others into yellow ; when scratched or pow- 
dered, it is light orange. In thin films it is almost tronsparent, the thicker ones 
tranalueid. Some pieces have a distinctly laminated structure, iu others the fracture 
la more Sat, or couchoidal. Its hardness is between that of fluor spar and apatite ; its 
specific gravity- 5-397. 

Small filma heated in a platina* spoon break down Into a dark brown mass, which 
reasBomes an orange colour when cold ; the larger pieces lose their transparency. By 
heating it in a glass tube, watery vapour is driven off. Heated by the blowpipe on 
charcoal, it does not melt, a slight vitrification being sometimes observed on the 
edges, perhaps in consequence of the intenuixture of some foreign substance. Fused 
with s<Mla, the silicic acid is dissolved. The other constituents are seen in the non- 
transparent mass, by the help of a glass, aa small yellow particles. Borax yields a 
yellow bead, which is colourless when cold. The phosphates produce in the aRtsmal 
part of the flame a reddish glass, which is colourless when eufd ; in the inner part of 
the flame the bead becomes yellow, and when cold is colourless. This metal it now 
proved to be identical with TnoiiiNA. 

DON KEY ENG 1 N E. A very small engine employed to pump water into boilers. 
If the use of the donkey engine were more usual than it is, we should bear less of 
steam boiler explosions. 

DOOPARA RESIN. A resin obtained inconsiderable quantities in tlit East 
Indies from the Ihrerm Indtca, wliioli is used os a fragrant incense in the tcinples, 
makes aii excellent 'varfliiih, and is sometimes called Eat^t Indian Cupaif or Gum 
Vtnep . — Simmtmd^. 

DORNOCK is a species of figurcrl linen of stout fabric, which derives its name 
iioiTi u town in Scotland, where it was first manufactured for tablc-cIoths. It is the 
most simple in pattrni of all the \urietie8 of the diaper or damask style, and therefore 
ii>e ^oods arc usually of coarse quality for common household wear. It receives the 
figure b) reversing tbe flushing of tbc warp and woof at certain intervals, so as to 
form s(|uart‘s, or oblong rectangles upon tbe cloth. The most simple of these is a suc- 
Cfhsioii oi alternnte sq'ian.'6, forming an imitation of a checker Imurd or mosaic work. 
I'hc coarsest kinds an* generally woven as tweeln of three leaves, where every thread 
floats over two, and is inierbccted by the third in succession. Some of the finer are 
tueeis of four or fl\c leaves, hut few of more ; for the six and seven leaf tweels are 
seldom or never u.sed, and the eight leaf tweel is confined almost exclusively tu 
damask. 

DOl^ETSHIRE OLAY. Clay shipped from Poole in Dorsetshire. See Clay. 

AIOWLAS. A coarse kind of linen. 

“)WN. See Feathers. 

T>R AGON’S BLOOD. {Sang-dragon, Fr. ; Drachenblut, Germ.) is a resinous 
substance, which comes to us sometimes in small balls of the sixe of a pigeon’s egg, 
sometimes in rods, like the finger, and sometimes in irregular cakes. Its colour, in 
lump IS dark-brown red ; in powder, bright red ; friable ; of a shining fracture ; specific 
gravity Mqfi. It contains a little benzoic acid, is insoluble in water, but dissolves 
readily in alcohol, ether, and oils. It is brought from the East Indies, Africa, South 
America, as the produce of several trees, tlic Dracana dracOf the IHerocarpua tanta^ 
linuSf Plerocarpua draco, and the Calamut rotang. 
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Dragon's blood is naed cliieflv for tingving spirit and turpentino varnishes, for pre- 
paring gold lacquer; for tooth tinctures and powders, for statning marble, Ste, Ac> 
cording to Herbeiiger, it consists of 9*07 parts of red resin called Draamin, 2 of fi:.cd 
oil, 3 of bensoio acid, 1 -6 of oxaiute, and S*7 of phosphate of lime. According to 
Juhustone, the resin of lump dragon's blood has the formula C**H*'0*, that of teed 
dragon's blood, C*H*K>*. 

Pereira, enumerates the following varielitf of this sill stance found in commerce: — 

1. Vratpna lUood in the rttdi JJragoHi** Uuod in San^U DraeonU m 

2. Draj/un's Hood in oualmaoeMi limpon'i Hood in drop»i Soh^U Draeonit in 
lachrymia. 

3. J}nuj<m*a hfitod in powtltr, 

4. Jhnyonn bUwl in thv fstw; Sunffuia Dnieonia ta yrania, 

5. Lumft Drafftm^a Hood : San^ot^ i traoonia ia notaM* 

Hesiih's these, there are Vragoa\ Hv h.1 m iwAcs, aud Fala^ DragotCa Htod in oval 
m.i'ises 

DKAINTNO TILES. Riimt clay tihw. generally shaped in section like a horse 
shot', about one foot long and two or tit I* f inches broad. These are much used in 
agnrulttirnl draining. See Stonk-wahk. 

DKWMNO f'.nVLKS. Chalks or crayons are fi< ((uently nothing more than the 
natural production nnlucedto a coruenient form s they are, however, bomctiuiCH pre- 
pared artiticialiy ; a few of these manufactures are named. 

The brothers Joel, in Paris, employ as crayon cement the following composition : 
n tmrts of shellac, 4 parts of spirit of wine, 2 puits of turpentine, 12 ])artB of a 
colouring powder, such as Pru«>siau*blue, orpimeut, white lead, vermilion, &c., and 
12 parts oHilue cla^. The cl.iy licltig elutriated, passed through a hair sieve, and 
dried, is to be welt incotpoiaieU hv (duration with the solution of the shellac in the 
spirit of wine, the tur^amtine. and the pigment ; and the doughy mass ia to be 
pressed in proper moulds, so a*» to acquire the desired shape. They are ihcu dried 
b> a stove heat. 

In order to make ('}liudrieal crayons, a copper cylinder is employed, al)Out2 inches 
in diameter, and 1 ^ inch long, o{Hm at one end, and closed at the other with a per- 
forated plate, coiitamiiig holes corn'sponding to the sises ot the crayons. The paste is 
introduced into the o|H*n end, and forced through the holes of the bottom by a piston 
moved by a strong press. The vermicular pieces that pass through are cut to the 
proper lengths and dried. As the quality of the crayons depends entirely upon the 
fineness of tlio paste, inechatiioal iiu'aiis must be rcsortod to for effecting this object in 
the best manner. The fidlowiug Tiiachinc has been found to answer the purpose 
exceedingly w’cll. 

Fitf. <>80 is a vertical section through the centre of the crayon niilL Fiff. 681 is a 
view of the mill from almvi*. a, the mill tub, whose bottom n iiiust be a hard flat ]du(c 
of cast-iron ; the bideh a being of wood or iron at pleasure, lu the centre of the 
bottom theie is a pivot <;, screwed into a socket cast upon the bottom, and which may 
be strengthened by two cross bars u, made fast to the frame u. r. the millstone of 
cast-iron, concave, whose diameter is considerably niiialler than that of the vessel 
A ; it is furnished within with a circul.ir bnsin of worsl g, which receives the inatf*- 
riiils to be ground, and directs them tot he holes ii. which allows them to pass down 
between the under ]iart of the uiuller, and the bottom of the tub, to undergo tritur- 
ation. 

Hy the centrifugal motion, the paste is drix im towards the sides of the vessel, rises 
over the aid* '' of the mullcr, and comes again through the holrs n, so as to he 
n'pcated’v siihid'tid to the grinding operations. This iiiillstoiic is mounted upon an 
upright shaft i v.uicli receives a rotatory niotion from the bevel-work Ji, driven by 
the winch l. 

'i'hc furnace in which some kinds of crayons, and csi>ecially the factitious hla^'k- 
lead pencils, are b.ikcd, is represented in.AV- ^ elevation ; and in /iff. 683, 

which IS a vertical section through the middle of the cliiiniiey. 

A A, six tubes of greater or less bizc, according as the substance of the crayons is a 
better or worse conductor of heat. These tulnrs, into which the crayons intended for 
baking are to be put, traverse horizontally the lalmratory b of the furnace, and are 
supported by two plates c. pierced with six square holes for covering the axles of the 
tubes A. These two plates are hung u|)Oii a common axis u ; one of them, with a 
ledge, shuts the cylindrical part of the furnace, as is shown in the figure. At the 
extremity of the &)ttom the axis v is supported by an iron fr rk fixed in the brick- 
work ; at the front it crosses the plate r, and lets through an end about 4 inches square 
to receive a key, by means of which the axis i> may be turqed round at pleasare, and 
thereby the two plates o, and the six i.dxs a, are thus expo&ed in succession to the 
action of the fire in an eqiuU manner upon eacli of their sides. At the two extremities 
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«f the UmiMt IN two ohimnejii k, for the purpoie of dlffhiing the heat more eqnally 
Oiftr the bodly of the crajona. 68S, ie the door of the ire-place, by which the 



fuel is introduced *, o, jig 683. the ash pit ; n. the fire- 
place ; 1 , holes of the grate which separate the fire-place 
from the ash-pit ; k, hrick-wuik exterior to the furnace. 

General ljumet proposes the following composition for 
red crayons. He takes the softest hematite, grinds it 
u|M>n a porphyry slab ; and then carefhlly elutriates it. 

He makes it into plastic paste with gum arable and a 
little white soap, which he forma by moulding, as above, 
through a sjiringe. and drying intocrayona The propor- 
tions of the ingredients require to be carefully studied. 

Crayons or Chalks, hfhogtaphic. Various formula have been given for the forma- 
tion of these crayons. One of these prescribes white wax, 4 parts ; hard tallow-snap 
bhelluc, of each 2 parts ; lamp black, 1 parr. Anotliur is, dried tallow^waap and white 
wax, each 6 parts ; lamp black, 1 part. This mixture being fused with a gentle heat, 
is to be cast into moulds for forming crayons of a proper sise. See LiTHOORArHY. 

DRESSING OF ORES. In metalliferous veins the deposits of ore are extremely 
irregular, and usually intermixed witli gangiie or veiH Slone. In excavating the 
lode. It is usual for the miner to effect a partial separation of the yaluable firom the 
worthless portion ; the fonner he temporarily stows away in some open place under- 
ground, whilst the latter is either employed to fill up useless excayations, or in due 
course sent to surface to be lodged on the waste heaps. From time to time the yalu- 
able part of the lode is drawn to the top of the shaft, and fVom thence conycyed to the 
dressing floors, where it has to be prepared for metallurgic treatment. 

This process is known as dressing, and in the majority of instances includes a series 
of operations. In this country it is chiefly restricted to mechanical treatment, the 
chemical manipulation being performed by the smelter. Hand labour, picking, 
washing, sising, and reducing machinery, together with water-concentrating appa- 
ratus, comprise the usual resources of the dresser, but sometimes he may find it useful 
to have recourse to the furnace, since it may happen that by slightly changing the 
chemical state of the substances that compose the ore, the earthy parts may become 
more easily separable, as also the other foreign matters. With this view, the ores of 
tin are often calcined, which, by separating the arsenic and oxidising the iron and 
copper, funiishes the means of obtaining, by subsequent washing, an oxide of tin 
much purer than could be otherwise procured In general, however, these are rare 
cases ; so that the washing almost always immediately succeeds the picking, crushing, 
or stamping processes. 

Before entering upon the description of machinery employed in the concentration 
of ores, it is important to notice the principles upon which the yarious mechanical 
jpjlptions are based. 

^Ifbodies of various sixes, forms, and densities be allowed to fall into a liquid, in a 
slate of rest, the amount of resistance which they experience will be very unequal, 
and consequently they will not arrive at the bottom at the same time. This neces- 
sanl} produces a sort of classification of the ftragments, which becomes apparent on 
examining the order in whidi they have been deposited. 

If It be supposed that the substances have similar /ofwis and dimensions, and differ 
from each otlier in density only, and it is known that the resistance which a body will 
experience in moving through a liquid medium depends solely on its form and extent 
fif surfaces, and not on its specific gravity, it follows that all substances will lose 
under similar circumstances an equal amount of moving force. 
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Thii loM is proportionally greater on light bodies than in those having more con- 
siderable density. The former for this n»sonftUl throngh the liquid with less rapidity 
than the denser fragments, and must therefore arrire later at the botUNn, so that the 
deposit will be constituted of different strata, arranged in dlreotrelatioii to their various 
densities, the heaviest being at the bottonL and the lightest at the top of the series. 

Supposing, on the contrary, that all theMies which Ihll throu||h the water possess 
similar ftorros and equal speciho gravities, and that they only differ ftwm each other 
in point of volume, it is evident Siat the rapidity of mutton will bo in poportion to 
their rise#, and the larger fragments will be deposited at the bottom of the vessel. 

As the bodies on starting are lupposed to have the same forma and denaities, It 
follows that the resistance they experience whilst descending through water will be 
in proportion to tlie surface exposed, and at the volumes of bodies vary aooording to 
the cubes of their correiponding dimensions, whilst the surfhoes only vary in accord- 
ance with till* squares of the same nu asurements, it will ba aeen that tlie force of 
muvenient uiiiinating theiu it riyahirit/ hi/ tkmr vub€t, whilst their rsrislaaof is in pro- 
portion to their squares. 

11, lastly, it be imagined that all the fVagmenta have the tame volnme and density 
but are of various ^rms, it follows that those poi«esaing the largest amount of 
surface will arrive at the bottom last, and consequently the apper part of the deposit 
will Consist uf the thiuncst pieces. 

It is evidouUy then of the greatest importanee that the grains of ore which are to 
he concentrated by washing should be as nearly aa pissible of the some rise, or othcr- 
wiii(» the smaller surfhoe of one fragment, in proportion to ita weight, will in a measure 
compensate for the greater density of another, and thus cause it to assume a poaition 
111 the series to which by its constitution it is not euiilled. 

This difficulty is constantly found to occur in practice, and, in order as much as 
possible to obviate it, care i> taken to separate bjr tbo use of sieves and trommels into 
distinct parcels, tlie fragments which have respeotively nearl v the aame sise. A Ithough 
by this means the grains of ore may to a certain extent be ofaisifled according to their 
regular dimensions, it is impossible by any mechanical contrivance to rcguUte their 
forms, which most greatly depend on the natural cleavagt^s uf the aubstancei operated 
on, and hence tills circumstance must always in some decree affect the reaults obtained. 

Each of the broken fragments of ore must necessarily belong to one of the three 
following classes:— the >!r«i class consists of those which are comfioscd of the mineral 
sought without admixture of earthy matter. The fecond will comprehend the friig* 
ments which are made up of a mixture of mineral ore and earthy substaneea, whilst the 
third division may be wholly composed of earthy gangue without the presence of metallic 
ore. By a successful washing these three clasMs should be separate trom each other. 

The most difficult and expensive vein stuff for the dressing floors is that in which 
the constituents have nearly an uniform amegation, and where the apeeifle gravity 
of the several substances approximate closriy to each other. In each cases the ore is 
only separated from the waste after mneh care and labonr, and often at the lost of a 
considerable portion of tlie ore itself. When, however, the ore is massive and distinct 
from the gjangue, and the specific mvity of the latter much less than the former, then 
the operation of cleaning ia uaually very simple, eflhoted cheaply, and with but little 
loss on the ore originally present 

The losses which may be suatained in the manipulation and enriohment of ores is a 
matter of great importance, and demanda not only direct attention firom the chief 
agent, but riso calls for the constant vigilance of the dresser. Mo one can approve of 
a system which omits to record the initial quantity of ore brought to the snrffice, 
noting only the tonn^e and percentage of the parcel pranced for sampling. 

Yet Biicli inattention prevails generally in the mining diatricts of this oountr)*. 
What would lie thought of a smelter who might systematicaliy purchase and receive 
ores without ascertaining their produce, and reduce them in mrnaces totally unfitted 
for the pnrpose, without regaling the losses which might bo sustained t If be 
became insolvent it would excite uo surprise, but, on the contrary, the paUie would 
most likely look upon his position as tlm inevitable resnlt of a oelhetiTe and repre* 
hensible mode of working. 

It will be admitted that mineral exploitatioas are of a highly haxaidoos aatart,aiid 
that the risk of jiroflt onght not to be increased either by ignorance or carelessness. 
When ores are discovered, usually after the expenditure of much money, a certain 
amount of productive and dead cost ia ineurr^ before they can bo rendered at the 
dreasing floors; if then the least waste takes place there is not only a loM per se, hut 
the mine expenditure ia angmented upon the lesaeoed quantity, hence in no depart, 
meat of mining economies u it more essential to secure hightf practical talent than 
in the dressing and management of vein stuff The individiial entrusted wiA this 
duty should be competent to assay the L,n*8, have a knowledge of the loeiea resulting 
from their metallurgie treatment, and know approximately the cost of enriehing them 
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Ml th« iloori M wffll u of nneltinf; them ; lie will then eondoct his oppimCions to that 
the cost and Iom in dri'tiiing will be leht than the cost and Joat in smeltiiig. 

Moiiie oi‘ the more ft-iablc ores, when tinipljr exposed to the iuflncnoe of water, 
i-xhibit a larfi'e niechaiiieiil loss, so much to, it it considered uftentimet more 
pruiliable to m'IJ them without attempting their enrichment. Now it may >Je laid 
down as an axiom that water will always steal ere, and the longer it is exposed to its 
influence, and the more complicated the manipulation, the greater will t>e the lotis 
incurred. In addition, the constitution of certain ores is so peculiar and delicate, 
that any attempt to concentrate them bi'yond a given standard, by varying the treat- 
incut, is seen to lead to an enormous loss, as will be apparent by inspecting the 
following iiiomornnda of practical results 

(A.) — The orcoiiGimtCtt upon was sulphide of lead, associated with finely dissemi- 
nated iron pyrites, oxide of iron, quarts, and a small portion of clay slate. In each 
ease the vein stuff assayed 17 per cent, of metal. 
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r 


Quantity 
bjr wetKiit. 

Qiisiktity 
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(B.)— Took two i>arcels of argent ifirous lend ore, associated with carbonate of iron, 
a little quarts, and blende. Weight .34 j|rtoiis, which assayed 42^ percent, for lead, and 
20 01 . of silver per ton of metal. Criibiied and carefully elaborated the same through 
jigging and huddle apparatus, obtained 14^^ tons of ore, giving 54| [lercent. for lead, 
and 22 ounces of silver per ton of metal. The produce for lead was therefore raised 
12 units nt a loss of 49 per cent, of the initial quantity of metal and 95 ounces of silver, 
'i'he comineroial loss attending this o{H‘ration, after making the teveral charges and 
allowances ineideiit to the metallurgic reduction, was £91 14s., or equal to £2 14s. 
|H*r ton on the original weight. 

Additional instances of lii uvy losses incurred in the concentrating process could be 
adduced if space iwrinitted; hut it may not be unwise to direct special attention to the 
great waste ofien counected with the manipulation of both tiu and argentiferous ores. 
In the former it occurs chiefly from the oxide of tin being much diffu^ through bard 
vein stone, requiring severe inechaiiical treatment in order to liberate it, whilst in the 
latter the silver (not unfrequeiitiy combined mechanically), imperceptible to the eyt‘, 
flouting away when snbjci'ted to water, and so subtle as to evade the most delicately 
devised apparatus. The loss ncoruing in one large uudertaking from this source 
alone upon 1 100 tons of ore was 3026 ounces of silver worth £830, or equal to the 
interest on £16,600, at the rate of 5 per cent, per annu^ ^ 

In order to determine tlie loss of mutal which may arise in enriching ores, accurate 
assays and notations should be made of the quantity of vein staff iodg^ on the floors, 
which should he conqiared with the metallic contents rendered merchantable, and the 
diffbrences estimated. 

It is not {MWbible to ascertain the value of an improvement which would secure an 
additional one per cent, from the quantity of orey stuff annually sent to surface firom 
the several mines in the United Kingdom; but if it be reckoned only upon the sale 
value it would be scarcely less than 40,000/. per annum. 

In determining the site for a dressing floor, and in making the mechanical arrange- 
nients, various points suggt^st themselves ; since, if they were overlooked, much loss 
would enm to the uudertaking, or otherwise it is evident that they could only be 
eorrejtedltey involving the proprietary in an increased outlay as well as a greater 
ourrfwexpenditiirc. The first consideration should be to secure an ample supply of 
water, with a good fall, and an extensive area of ground. With advantages of this 
nature the machinery will be worked cheaply, the stuff gravitate through the various 
priH'csses without returning to create double carriage expenses, whilst the castaways 
niay be sent to the waste heaps at a mimimum cost The second point to be settled, 
is the class of machinery to be employed. This must obviously be based upon 
the character which the ores may present. If massive, and ^ociated with light 
’Waste, simple apparatus will suffice, W if the ore be sparselv diffused among heavy 
vein atone, it is probable that the various apparatus will have to be constructed 
with great nicety, varied in their principles of action, and that much precaution will 
have to be observed in order to create as little slime as |> 08 sible, as well as to 
si^curc the initial quantity of ore against nndne loss. In the disposition of the 
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maeliiiMry thm it mlio eoniidenble teope for pnotieil inteUigenoe \ it it not enough 
to wath, omth, jig, and huddle the oret, mixing fhr resulting amidla inoongruoualjr 
together; hut a Judicious sorting shonM be commenced at the wash kilns, and upon 
this basis the xarious sites kept dittiuet whilst pasting through the washing floors. 
The dresser should also take care to keep the several ranges of mineral produces and 
degrees of flnenest together. 

With the view of assisting the judgment in deeidiog upon the maohiiier^ to be 
employed, the following table of spcoifio gravities, applieaUe to ordinary veiu stuff, 
is given: — 

Table of ^poci/te ffravttiee. 


Lt ait . Sulpbide ( galena) 



lUnlnrtf. 

- 2 n to 2*75 

SpivISr prsvlip. 

7-5 to 7 6 

Sulphate • 

• 

- 

- 2 -3 „ 2-7 

6 25 H 6 

Carbonate (white) 

- 

- 

- 8 0 ,. 3 5 

6*46 „ 6 48 

Phosphate (green and brown) 

- 3*5 „ 4 0 

e*dH M 7 

Chromate (bright red) 


- 2 -5 H 3*0 

6 0 „ 6 04 

Molybdate 



. 2 7 „ 3*0 

6 7 „ «»*S 

Tin Oxide of tin 



- 6*0 „ 7 tt 

6-5 „ 71 

Tin pyrites 

C**pper . Sulpnidc - 



- 3-0 4 0 

4-79 „ 5*1 



- 2-1 „ 30 

5 5 „ 5-8 

Oxide 



- 8*6 .. 4*0 

5*9 „ 6*0 

Carbonate 



- 3*5 4*0 

4*0 „ 41 

Pyrites 



- 3*5 „ 4*0 

415 „ 416 

Sulphate - 



- 2*2 

2*21 

Siliro-curbonati' 



- 2*0 „ 3*0 

2 0 „ 2*2 

Zinc : Red oxide 



- 4-0 „ 4*5 

6*43 5*52 

Sulphide - 



- 3*5 „ 4*0 

4*02 „ 4*07 

Oarbonato 



. 5*0 

4*33 „ 4-44 

Silicate 



. 

3*43 

Animong: Sulphide - 



- 2*0 

4*51 „ 4*6i 

Jaincsoiiite 



* 2 0 „ 2-5 

5*5 „ 58 

Minerale aenociatnl wiOi oree, 

HanliieM. 

Wolfram 5*0 „ 5*5 

Spri iflr gni« liy. 

7*1 to 7*4 

Iron pyrites (white) 



- 6 0 „ 6*5 

4*67 „ 4 Hi 

Miindic 



- 6*0 „ 6'5 

4*83 „ VOl 

Sulphate of baryta - 



- 2'5 „ 3*5 

4 3 „ 4*8 

Carbonate of baryta 



. 3*0 „ 3 75 

4*29 „ 4*8 

Carbonate of iron • 



- 3 0 „ 4 *5 

3*73 „ 3*82 

Fluor spar - - - 



- 40 

3*0 ,, 3 33 

Quarts or silica 



- 70 

2*6 „ 2*7 

t'arbonate of lime * 



- 2*5 „ 3-5 

2*5 „ 3*8 


{hi 'bearing locke. 

BpeciAc f rstitf. 

Hornblende rock - • - • - 2*8 to 3-2 

fiyenite - - • - - - - 2*7 „ 8-0 

Trap or basalt 28w3'2 

Grauwacke ------ a*55 „ 2-» 

Toiphyry, trachyte, and felspar - - 2’3 „ 2*7 

<*ra]|itc and gneiss - - - • - 2*4 ^ 2'7 

Mica slate - - • - - • - 2*6 „ 2-9 

Clay slate ------ - 28 

Limestone and dolomite - • - • 9*5 „ 2*9 

Sandstone • - - - - • - 2*4 „ 27 


The following general deductions will also be found aerviceablo : — 

First — Absolute perfection in separation according to speciflo gnvity cannot be 
arrived at, chiefly on account of the irregularity of form of the Tarioos grains to he 
operated upon. , . 

Soeemd. — The more finely divided the stuff to he treated, the greater ^is the amount 
of labour and ears required, and the more imperfect will be the seperation. 

Thmi — That reducing machine majr be considered the most perfect which 
prodneee the least quantity of stuff finer than that which it Is intended to produce. 

Fourdl — It is necessary in determining the degree of fineness to which i 
mineral shonld be reduced, to consider the nietallnrgic Taloe of the ore oontained id 
it, end to set against this the value of loss which wiH prol^ly be incurred, 
togMher with the labour and exnente attendant upon the nanipnlalion. 

>(^.-.The vein etoff shoald be redoced to sueb a degree of fineness tha| the 
VoL. 11. F 
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kVftit proportion of doadf and elran oro thouM he obtained by the fimt operation. 
Hum laving the labour and preventing the Ion ioeident to a finer aob-diviaion of the 
on and more extended tnatment. 

8ufth. — That Bpparatui or plan of dreming may be considered the most efficient 
which with stuff of a given mzu allows at an equal cost of the most pt^rtect separ- 
ation, and of the pro|H'r sepanition of Ktufif of nearly equal »pt‘cific gravity. 

The average |)ercentage to whieti the crop is to be brought, and the bight's! 
peroeiitage to lie allowed in thecuHtawa)s Wing detenninid, it is evident that the 
more perfect the dcgive of ncparattoii the greater will be the amount of crop and 
castaways obtained ut each operatiou, and the quantity of middles or stuff to Ik* 
re- worked will Imi diininished. 

.S'cDCNtA. — W« may further ennsirter as a great improvement in dressing operatiooh 
such apparatus or plan of working as will allow, w ithnut a dispro|M>rtioDate lu- 
creusu in the coat, of the eqiiull} |H‘i’fect M'paraium of fine stuff as that of the coarser, 
us now practised. This will he of cHjiceiuI bimefit lu the case of finely disseiuiiiated 
ore, which is necessarily obliged to Ik‘ it'duced to a great degree of fiiieneso. 

\VA*tiiiM. AW Sbparatino Ohk8. 

The vein stuff on arriving at the surface, is not only associated with a large amount 
of gunguc, hut is frequently much iiiterniixcd with clay, rock, and silictous matter. 

In order to g< t rid of the latter siilmtaiices, tl is usually washed and picked. The 
washing apparatus ought to W so eotitiixed as to allow the eleanbing to be t'ffe^ted both 
cheaply and cxptHiitioiisly, and for tins purposi* a good volume of water is always 
desirable. If a Iw iglii or full c.iii tu obtained, it will also be found advantageous. 
In accordance with the eharueUr of the ore the appuratiis will have to be varied, but 
for lead, certain varieties of cop|H‘r ote, iu» well as iron, or other abundant ores, the 
kiln is well adapted In many mines rectangular grates are fitted to the bottom of the 
kilns, but a perforated plate wrould Ik* found to furnish better results, since the former 
allows of the passage of fiat irregular masses of ttoue, rendering the treatment in the 
jigging sieves less successful. The holes in the piTforatcd plate should be conical, 
tile largest diameter uudornealb, so that the stones may ba\o unobstructed passage. 
Ill coiiiKCtion with the kiln-plate a suing trommel should be used, and in order to 
economise boUi time and expenditure it would be juilicions to introduce tlie vein stuff, 
aud disch.irgc the eastuwius b} means «)f r.ulwa}s. 

The picking of the stufl is a hiphl} iinpoituut o^ieratioii. ^s a rule all picked ore 
should be selected, andthedr.idge depiived of the largest pOMiblc amount of waste be. 
fore it is sent t<» the eriislie. It is fallacious to snppme, because niaebiuery will 
«leiil with large quantities expeditiousU, that it is cheaper to subject the mass to its 
action} on the contrary, if correct cafcubitions are made of the losses which will 
ensuo on the initial quantity of ore before the residue is ready for the pile, the 
tost of the several iiitiicate iiiuuipuljtioiis retjuisite to get rid of the castaway s, the 
wear, tear, and ninintcuaiice of iiiacliinery, it will appear in the minority of cases that 
the uioHi profitable method is to incur an extra fiist charge in order to reject the sterile 
portions by means of hand labour. 'J'he ragging hammer should therefore be brouglit 
into free requisition, and all worthless stones at once rejected ; then in spalling such 
}>onions ns have bc'en ragged an additional quantity of refuse should ^ exduded, 
whilst in tlie process of cobbing either nigged or spalled work, the greatest cure and 
attention should be given in oi dcr to bring the drudge to a maximum degree of richness. 

Among the sifiings and washings which ores are made to undergo, we would notice 
those practised on tlie C'ontineut, f/riY/es anpfaMs, and atep-waithinps of Hungary, 
iaverita d pradins. These methiKls of freeing the ores from pulverulent matters, 
conaist in placing them, ut their out -put from the mine, upon gratings, and bringing 
over them a stream of water, which merely takes down through the bars the small 
fragments, but carries off the finer jiortions. The latter are received in cisterns, 
where they are allowed to rest long enough to settle to the bottom. The washing 
by^Hli is an extension of the preceding plan. 'I'o form an idea of this, let us 
iinl^iie a series of grates placed successively at different levels, so that the watei, 
arriving on the highest, where the ore for washing lies, carries off a jmrtion of it, 
through this first grate upon a second closer in its bars, thence to a third, &c., and 
finally into labyrinths or ciaiema of deposition. 

The prtitea wtpUiitea are similar to the sieepmp tahlea used at Idrui. Tlie system of 
these yradina is represented in>!p. 683 a. Such system is resorted to for the purpose 
«»f sorting the small fragments of quicksilver ore intended for the stamping mill 
Tb^ tr.igment8 are but moderately rich in metal, and are picked up at random, of 
various sises. from that of the fist to a grain of dust. 

The ores are placed in the chest «, below the level of which 7 grates are dis- 
tributed, so that the fragments which pass through the first, 6, proceed by an inclined 



l)Hi:shING OF OREa 


67 


cmuAnit on to tho Koond ycntc r and ao in inccewion (See the condukta I, fs ja) 
In front, and on a le\tl with laeh of the gratea 4, e, J, &c , a child la atatioued on one 
of the floors, I, i \ to 7 

A f uiriiii of witir t ilh into the cheat a, cairJea the flragroenta of ore upon 

the gritis Thi piices which riiiiniii u|i«>o the two grates b and c, arc thrown on the 



titij iniog tablet, where th(> uiidi rgo a sorting h) hand, thciH the piece h an clauihed, 
I into gaugiie to bo thrown aw&c , i, into ore for staniping mill t J, into ore to be sc nt 
dircctl) to the fuinaee. ihc pitica which remain on eiiieh of the succetdiog grates, 
ff ( /, 9, A, are di|KMiitt I on those of the doors a to 7, in trout of caeli Bctoie every 
OIK oi these sbeUea a dcpoait-sicve la istabhahed (see a), and the workmen in 
charge nl it stand in one of the corresponding boxes, marked 8 to 12 The sieve la 
rc] rtscntid oul} in fVont ot the chest A, for tot sake of clearness 

1 Hch of the woiknicn plucd iii H, 0 10 11 li, operates on the heap before him , 
th upiier Ihui of the deposit tormed m hia sieve is sent to the stamping houK, and 
(h( itiKrtoi Licr directly to the funutCc 

As to the giaitis which, atter traversing the flve grates, have arrived at the chest r, 
iht > lire washed in the two chests tf, w hieh arc analogous to the (tcrman chests 1 he 
upitr layer cl what la dep< sited in y is sent to the furnace, the rest is treated anew 
i he kiifi betoru adverted to ii exjilaiued 1 v ig 063b 



The Tt in rtnfl is brought fWim the shaft by meant of tram waggons, into the 
hopper A, water flow h from the launder b one portion diatnbuting itself at the foot 
of the hopper, Uie other uimn a cast-iron pUte perforated with boles 1:| inch diameter 
at top, 1 j^-iuch diameter at bottom, and 2 inches distant from centre to centre | the 
plate being 4 fret by ^ feet 6 inches Between c and i the washer atanda The flne 
stuff he rakes through the plate holes, and that which is too eoaise la drawn so r 
t^hildren standing on H, select the pnll and dradge from the pile ■, diicbargiiig auoh 
stones as are valueless through the shoot r, into the waggon beneath. The trommel 
i> IS eonstructed of perforated plates, having difiereot degrees of fl nc naaa, in order to 
use the stuff which paaaes tbroagh into bins or compartments 
Raggwg —It has been remarked that, in breaking the lode undergroond, nnmeroua 
1 ocks are produoc d throughout which valuable ore is more or leas disseminated. After 
these stones are washed ttey are ragged rhis operatioii consisSi simply m redncing 
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Ilw lioiMi to a tnulkr tiic, and njectiog at man) of the atorila atonca aa can he 
readily picked out The reserved heap is uUiinatelj taken to the spallers and cobUrs. 
1*he weight of a steel-headed ragging hammer varies from six to eight pounds. 

Spoiling, fig, CtMti, is usually |»erformcd by women. The object is to break the 
atones to a proper sise for the bucking hammer oi crushing mill, and at the same time to 



cast abide such lumps as are destitute of ore. The hummer employed is made of cast 
steel and is set upon a light pliant handle Its weight is about sixteen niinccR, and its 
cost eight|)ence. A practised spalter will produce about one ton of stuff per day, but 
the quantity must neccssariK depend upon the hardness and nature of tht. stone 
Utake\ Stone lirtaket — This niachine is specially adapted for reducing masses of 
vein stuff into sizes suitable for the cobbing floors and crushing mill It can he 
driven either by atoaiii or water power, and consists of a crushing hopper, in which 
the stone is bioken between a pair of jaws, the one being fixed, the other actuated by 
knge-joint levers. The fixed jaw K,fig. 683e, is a fiuted plate of cast-iron, ^dded in 
sine, and held in the A’aine n, by tapered check pieces c d. The vibrating jaw plate 



T), 18 also fluted, so as to correspond in this nspect with the fellow plate A, but the 
edges of one plate are opposite the grooves of the other. The eccentnc shaft e gives 
^oli jls to the toggles f f, which press forward the breaking jaw d about jjtbs of an 
4kh. In the depression of the lever the jaw is drawn back by means oi a strong 
Indian-ruhber spnng 

A stone dropped between the convergent jaws will be operated upon hy a succes- 
sion of bites, until it is crushed small enough to pass out at the bottom The distance 
between the jaws at the bottom, limiu the size of the fragments. The frame of the 
machine is formed of one single casting, and although provided with bolt holes, yet 
is usually heavy enough to require nothing further than its own weight to retain it 
in working position. The apparatus ahould be fixed high enough either to allow a 
w aggon to be placed under the jaws, or otherwise that the reduced stones may gravitate 
to the rollers of a crushing mill. 

The width of the opening at the top of the jaws determincb the size of the machines, 
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And at the Bame time it repreieiits tho largeat atone which can poaaibly he dealt with. 
The quantity of btone reducible in a giTvn time must neecBBarilv depend upon ita 
degree of hardneas, as well as upon its atructure. In addition, the result is either 
leuened or inoreoaed, according to the minimum distance between the Jaws, and the 
speed giren to the eccentric shaft. 

The approximate duty rendered by stone breakers of various sises, is as follows : — 


Length of Jaw 

Vr Mill bet wiwn ^ 
Jawi at top. 

Poacr nqiiircO, 

Pi iidiice (wr hour. 

inehei 

Inches. 

horsas. 

cable ) .ird*. 

6 

4 


1^ 

10 

7 

d 

3 

15 

7 


• 

20 

; u 

5 

6 

24 

12 

10 

10 


At the Kirkless Hall Colliery, in J.um»Bsh}re« it has bi'fMi found that one ton of 
limestone iklling through Jaw pieces stven inches apart at the top is reduced into 
fragments which can be poaaod through a gauge one and three-ouartera of an Inch in 
diameter at a cost not exceeding threepence per ton, the coal for maintenance of 
engine being charged at three shillinga and sixpence per ton. The Turious parts of 
the apparatus are of great strengtii, and tho amount of wear and tear is comparatively 
siuall In mines where it is requisite to reduce large quantities of vein Bluff, either 
for the cobbas or crushing mill, this machine will prove an important and valuable 
auxiliary. 

Cultbiinj, Jig, G8^.— This work is also generally performed by women or young 
girls. It consists of picking the best work fttm the dradge. 
Olid with a peculiarly shaped hammer, detaching fh>m each 
pu cc the inferior portions, and thus forming either prill or 
best drudge ore. An expert cobber will manage to pass 
through her bands about ten hundredweights of tolerably 
hard stuff per ten hours. 

Suing apparatut.^ In the varied processes of dressing, 
no point is of greater importance than that of correctly 
sising the \ein stuff, neither ia there one demanding 
the exercise of a more correct judgment If the par- 
ticles of ore be reduced below their natural sixe a source of 
loss ia immediately cieated, whilst if they are not brought 
within the limit of their size a portion of waste will probably adhere to each atom, 
forming a serious difference in the aggregate quantity of castaways, althongh such waste 
may afford but a low average percentage. The holeb in the sieves or trommels should 
therefore be proportioned to the nature of the ore, but such apparatus should also be 
introduced wherever nwessary. To the crushing mill, trommels are essential, whilst 
it will be found highly advantageous to employ them for the purpose of dividing tho 
stuff wherever it may become intermixed. The simplest form of sixing ia perhaps by 
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Oic hand riddle, Jig. GSdy, which is formed of a circular hoop of oak, | of an inch 
thick and six inches deep. Its diameter ranges from eighteen to twentpr ii^h« a. 

The bottom is made of a mesliwork of copper or iron wire. The weight of an iron 
wire riddle is about seven pounds, and its cost 4#. 6</. 

Fig C83A represents a swing sieve emploi in the minei on the Continent, a, box 
into which the stuff to be sift^ is introduce, 6, regulating door; c, pendulating rod 
attaching the sieve frame to the fkwme c; / friction roller carrying the sieve frame g. 
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At A ipringi tre fitu*d to each aide of the tVaine, in order to give it s Tihratory action 
t, rod, gfring motion to the apparatus The width of the sieve Ihune is about one- 
tliird its length, but the sieve bottom only extends fWim the box a two-thirds of the 
lenmh. The bottom of the sieve fhimc is subsequently contracted so as to form a shoot 
Ftp G83t is a swing sieve employed in the Harx. for sifting the small fragments of 
the ores of argentifeniiis lead Much an apparatus is usually set up on the outside of 
a stamps or washing mill. The two moveable chests 
or boxes a b, of the sieve, are connected together, at 
their lower ends, with an upright rod, which termi- 
nates at one of the arms of a small balance he<im, 
mounted between the driving shaft of the stamps and 
the sieve, perpendicularly to the length of botli The 
opimsite arm of this beam carries another upright rod, 
which bears cams,— placed so as to be pushed down 
by the driving shaft During this movement the two 
lower ends a, d, are raised ; and when the cam of 
the shaft quits the rod which it had depressed, the 
swing cheats fall by their own weight Thus they 
are made to vibrate alternately upon their axes. The 
part of the chest a, over which a stream of water falls from an adjoining conduit 
Tbe fragments which cannot pass through a cast-iron griddle in the bottom of iliat 
cheat, are aorted by hand upon a table in front of a, and are classed by the workman, 
either among the ores to be stamped, whether dry or wet, among the rubbish to be 
thrown away, or among the ores to bi* smelted by themselves. As to the small par- 
tielef which fall through the griddle upon the chest n, supplied also with a stream of 
vater^ they descend successively upon two other brass wire sieves, and also through 
the iron wire r, in the bottom of n 

Fiy* f»83A shows the circular hand-riddle employed in the mines of Cornwall 
Although this is in advance of hand riddling, yet it is by no means equal to the laigc 
sizing trommels employed in Germany 

6S3^ 




Tin ore is throan in it at a, the coarser pieces passing longitudinally through the 
riddle into the shoot B The riddle is turned hv a hook handle, as shown in the 
illustration) the meshes of the sieve vary iVom ^ of an inch to one inch square, 
according to the character and quality of the vein stuff to be operated upon 

Figs. 683/, 683 m show an elevation and ground plan of a series of flat separating 
sieves, a a', b b' it a strong wooden frame, m m, guides for frame ; k m n, base- 
ment upon which the sieve fnune rests ) p, cistern fitted with perforated plate through 
which clean water is distributed upon the sieves; t, hopper supplying the stufi^ to 
be sifted , a a bottom of ditto. The sieves arc lifted by the rod / and make fVom 40 
to 60 beats per minute. The sieves ore set about eight inches apart, and discharge the 
stuff ijipon the inclines ppp. 

The holes in No 1 bievc are ^ inch diameter. 

»» sf ^ 

f* 4 »• 

The apparatus is employed in the Clausthal Valley. 

Fig. 683 m represents the trommel or sizing sieves in operation at the Devon Great 
Conaols. Although the yield of ore at these mines is extremely large, it may not be 
generally known that much of it is obtained fhim stuff yielding no more than from f 
to 1 A per cent of metal. The product of the lode on arriving at the surface is cobbM 
and divided into two classes, the first going to market without further elaboration, 
whilst the dradge or inferior portion is treated by various processes of washing. The 
whole is however crashed to such a degree of fineness as to pass through the foUow- 
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• Trommel a* holes inch diamclt r 
t* w t« Vi ^ •» 

i« ( *1 iS ** tf 

»» »» I t* 1* 

The trommels tre each 6 feet long, 24 inehet diameter at the large end, and 18 ini he^ 
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Ofrman Sumg Theie are made of varioni diameten aod length! ; the 

diameter! of the perforated hole! Tary from two and a half incbc! to one-twentieth 
part of an inch. On a suitable wrought-iron abaft a,>^. 683 o, a cast-iron boss plate 
B, is fitted, Uie bosses recti vo six wrought-iron radiol arms c, which pass through a 
thin but stiff wrought-iron ring d, governing the diameter of the trommel, rhc 


683ri 



arms are fastened to the ring by means of outside and inside nuts, the perforated 
plates 1, 2, 8. and 4, are rivetted to the several rings, and in this way an excellent 
trommel is produced. 

Crusbing Machinxhy. 

Various crushing machines are described and illustrated at page 538y Vol. II. ; hut it 
may be observed that this section of the dresbing department deserves careful attention, 
as the results arc more or less aflfecU*d according to the mode ot working and adjusting 
this class of machinery. The crusher is, as it were, the starting or radiating point 
for treating the dra^e work, and if considerable care is not exercised here, not 
only will there be much loss of power, but also of the initial quantity of ore. In the 
mining districts of this country it is usual to introduce rough and fine dradge together ; 
no preliminary division of the stuff is attempted; the hopper is continuously charged, 
and that portion which is not reduced sufficiently fine is returned by the raff wheel to 
be rccrushed. . 

The consequence is the motion is uneven, strains are infiicted on the machinery, 
and more time as well as power is necessary for the purpose of realising a given 
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result Valuable improvements oonld he effected by first mMhanically sorti^ or 
dividing the dradge, expediting the speed of the rolls, fitting them with sM fhces, 
setting them so as not to reduce the grain of ore below its normal sue, giving ihm 
an uniform supply by means of a tilting shoot, and instead of returning the 
raff to rolls conveying it to a second series of smaller dimensions, adjusted and 
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managed in a liniilar wo j. To each net of rolls there ihonld be fitted aifUng trommels 
with holes proportioned to the charneter ot the ore, whilst in many instances it 
would be found judicious to discharge a stream of water on the rolls with a view of 
expediting the crushing 

In small mines, huthng, fiy, 683/1, is resorted to instead of employing the crushing 
mill. This operation consists of pounding pieces of mixtd ore on a slab of iron a, by 
means of a hammer or buckei a The widl on which the plate A is placed, is a>H)ut 
3 feet high. The stuff to be pounded is placed behind the slab, and is drawn u|)on 
and swept off the plate by the lefl hand. In romwall it is customary to keep time 
with the blows and to stand to the bench, but in Derbyshire each operator worka 
ludependently, and is usually seated. 

The backer, ftp. 683^, is formed of a wrooght-iron steel-faced plate a, 3 inches 
square, with a socket a, for receiving a wooden handle c. Its cost is about U. 4d 

The general arrangement of a portable crushing mill may be gathered from fig 
6b3r. The rollers a a are kept m close contact by means of the spring arrangement 



n B. The spring itself is formed of cups of iDdian-mbber alternating with cups of 
iron, both encircling an iron bar passing through and held firmly by the lug c. 
The stuff is thrown into the hopper o, and on motion being given to the rollers the 
inclined shoot r. receives a percussive action by means of a horixontal lever or 
pallet attached to the shoot, and actuated b) one of the two cog wheels fixed on 
the ends of the rollers. The angle of the shoot is varied by lowering or raising 
the hook F. B B 


Stamps. 

Tin and some other of the more valuable ores are nsually aisociated with and 
minutely disseminated in a hard crystalline gangne, requiring to be reduced to a fine 
powder before the valuable portions can be extracted. 

Various contrivances have been employed for this purpose, but none of them seem 
to have entered into competition with the stamping mill. This aptmtus essentially 
coniists of a number of cast iron pestles, each measuring about 80 inches high, and 6 by 
10 inches in the section. These are secured either to a wrought iron or wooden lifler ; 
a projecting arm is placed towards the top on each lifter, which may be slidden np and 
down ao aa to meet the wear of the pestle or any other irregnlanty. These liftera 
are retained in their vertical position by auitable metal or wooden supports, Hotion 
is communicated by a revomg shaft in front, fitted with four or five prvjeotiiig 
cams, esch of which catches the arm, and lifting tiie pestle ftom 8 to 10 inches, 
lets it soddenly fall on the substances which may be ondemeatfa. The bottom 
on which the heads fkll is fonned by introducing hard stonst or other suitable 
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fMHrii^i and pounding it until it becomei aufficiently solid. In most parts of the 
(Continent of Europe, on the contrary, stamping mills are prorided with solid 
CRSt-lron bottoms; these are, however, subject to the inconvenienco of requiring 
frequent renewal. 

Around the pestles a wooden box or eoArr iseonstnicted, and covered in at the top ; the 
back IS partly open at the bottom in order to admit the vein stuff. On each side one, 
and ill front two openings are made. 7 or 8 inches square, which are fitted w ith 
wrought-iron frames, for the reception of perforated iron, copper, or brass plates, the 
hur of the pnnoh or drill being towards the inside. As a precaution against the speedy 
destruction of the oofer from the constant scattonng of fragmanta of atone, the inside is 
partially lined with aheet-iron. The stuff to be stamped it supplied on an inclined 
plane, connected with a hopper at the back, in the front of which ia a launder for af- 
fording a stream of water to the cofer. The stamped stuff passes through the grates 
into launders and is thus directed to the floors. IVhcn water ia the motive power, the 
number of heads is limited by the volume and fall of water available; three heads 
lire the least number used, hut a largi^r number is generally prefern d. When steam 
IHiwer is employed, a battery of heads sometimes includes 11)0 or more pestles. 
When in action these are elevated from 40 to 80 times per minute, according to the 
rlinrueter of the stuff to he reduced. The pulverisation is said to he greatly facilitated. 
h\ having four heads in the some cheat or cofer, about 2^ inches apart Each luad 
is lifted separately, and the cams by which this is done are so disposed on the axle ns 
to make the hlnws in regular suecesiiion Great care is also taken whether it he in 
a large or small battery, to prevent any two pestles falling at the same instant ; the 
object being to secure an equal strain against the power. Practical dressers are 
not well decided as to the order in which the lifting of four heads in one cofci 
should take place, whether one of the inner pestles should precede the other, or 
w hether A side pestle should be first lifted. A preference, however, seems to be 
given $6 the following method supposing a spectator to stand in front of a 
4 head stamps, left side pestle first, right side second, right middle third, left 
middle last 

Fig, 68S« represents tlie elevation of a steam stamps employed in Cornwall, a, 
nxlc; n, cams for lifting heads; c, tongue or projection on lifter ; dd, guides for re- 
taining lifter ; e, the lifter ; r, head of peitle ; o, chest or cofer : h, hopper ; j, puss 



connecting cofer and hopper; K, lanndcr discharging water into the cofer ; l, stamps 
grate ; M, launder receiving the stuff which has been flushed through the grates ; 
N, the bottom or bed of stamps. 

The stamping process is not so simple as it may appear at flrst sight Many of its 
particulars, such as the finnn of the cofer, mode of exit for the stuff, weight and 
rapidity of the pestles, and quantity of water employed, must he varied to suit the 
mode of dissemination and Ae structure and character of the ore, as well as of the 
matrix. Fineness of redaction is by no means always a desideratum, for if some kinds 
of stuff he reduced too low, much of the ore contained in it will be wasted, hence 
considerable judgment is necessary in selecting the grate best adapted to the stuff 
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to be operated upon Sometiinefl the grate is replaced by the ** floah,** i^ieh con< 
aiiU of a small hoppcr-abaped box. fitted to the fWmt of the gnite*hole. This box 
is provided with a shutter which is raised or loweied according as the uro is 
required in a fine or rougli state. In dry stamping the fineiiess of the pov^er 
depends not on the grate, but uii the weight of the pestles, the hei^t of their 
fall, and the period ot thiir action tqion the substances bnieath them. The follow- 
ing practical results are derived from tlie steam stamps at Polberro Tin Mines, 
Cornaall 

Under of engine, 36 inches diameter. 

Diameter of the fly-wheels, 80 feet 

Weight of ditto, with cranks, shaft, and bolts, 42 1 ton^. 

Power employed, 55 horses. 

Reduced in 12 inunths, 30.201 tons of vein siuiF. 

Average number of revolutions of stamps axles per minute, Bt. 

Number of heads lifted per minute, 72, each 0 inches high. 

Weight of each head, 600 Ihs 

Average number of blows performed by each head, Ti 

Weight of headt collectively, 1')^ tons. 

Number of grates, 72. 

Ex|iofH*d area of iront grates, 9 x 6ai54 inches 
Ditto of end grates, 8 6^ 49 mchcb. 

Number of holes to thCMjuan inch, 140. 

l*uHt of stamping, including luainumanie of engine and wear and tear of maa^iam, 
1 « per ton of stuff. V 4 

Fif/ 6h3t represents a stamping mill arranged for the reduction of aufUefons 
quarts, silver, and other valuable 01 es. The base consiats of a cast-iron plate A, upon 


tl 



which is screwed a frame B, without end or side joints. A thick cast-iron bottom is 
dropped into this frame, npon which the staff is pulTerised. The ** cofer ** Ci is made 
of cast-iron plates bolt^ together a* their edges. Each head is in connection with 
a grate or perforated plate. The feed is effected by means of an Archimedean screw. 
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rvvdlflAii lo thf lrou|(li u Th« ku^adi Are tulid ejrlindfrvof iron attaohAd to wrought* 
iron llftara, aiid irh<»u in work art* rr^taU'd by the action of the longeama r The lift 
or riiw* of the head la varu'd hy (hv hhtcka k k. which trareme a flat thread acroo 
cut in the lifter. It will W aeen that no atnff can lie loat through the liotioiii 
of the rnferi whilat aii erotioinic adrantage if aecured by the uae of a large 
ari'a of |K*rforale«l plate or grate 

/o/ ns'ltf IN a net of NC'im|iing and waMhing worka for the orea of argentiferotiH 
g lieiin, an mouiiUHl at //ir/kit iriir, in the dininet of Zellerfeld. in the Uara 

A in tlu atninp mill and iia aubaidiary parta; among which are a, the driving or 
main aliuft . A, the overahot water-whcH.*! : < e, mx atrong ritiga or hoopn of east irrei 
lor lei'eivirig eiK'h a entn or tappc't; the brake of the iiiaclunc; AAA, the thi e 
ataiolard^ of theatampa { //, Xe aix 
leatlea of pine wood, ahod with 
iiiiipa ot cast iron Tliere are two 
eheata, out of which the on* to be 
groiiiKl falla apontaneoual^ into the 
two troughs ol the slanipa. Of lute 
yeiira, however, the ore is mostly 
Bupplied b} htind ; the watercourKO 
teniiiiinteH a ahoit diatatico above 
4 ii/he middle of the wheel 6. I'here 
is a btieani of water for the aenice 
of the etaiiipa, and conduits proceed- 
ing fVoin it, to lead the wruU‘r into 
the two stump troiigha ; the eunduit 
of discharge is coniiiioii to the two 
batteries or sets of stamps through 
which the waU r curries off the aaiid 
or stampi il ore. There is a move* 
oble table of scparutioii, iiiouiiti.d 
with two sieves. The sunds puss 
immediatel) into the conduit plaeisl 
upon n le^el with the floor and 
separate I into two eompartiiiints, 
the first of wliuh iiiipties its water 
into the second. Tliere aio two 
hoards of heparation, or tables, laid 
upon the ground, with a \cry slight 
slope of only 15 inclub from ilnir 
top to their bottom. Kucli ot these 
hoards is divided into four cases 
with edges, the whole being ui- 
ranged so that it is jiossible, by 
iiieuiis of a flood-gate or bluioc, to 
cause the bupcrfliiuus w'ater of the 
case to pass into the following ones. 

Thus the work can go on without 
interruption, and alternately upon 
the two boards. There are w lading 
canals in tne labyrinth, k, n, n, in 
which are deposited the particles 
carried along hy the water which 
has passed upon the boards. The 
depth of these canals gradually in« 
creases fr0pu|S to 20 inches, to give 
a buitabl4||<flecnt for maintaining the water-flow. At d, two percussion tables are 
placed, r, a are two German eheets. h, j are two percussion tables which are 
driven hy the earns t z, fixed upon the main shaft z y. k z' are two sloping sweep 
tableb (d 5o/ai). The German cheUt are rectangular, being about 3 yanis long, ^ a 
yard broad, with sides 18 Inches high ; and their inclination is such that the lower 
end is about 15 inches beneath the level of the upper. At their upper end, usually 
called the bo^^^ter, a kind of trough or box, without any edge at who side next the 
chcQt, is placed containing the ore to he washed. The water is allowed to fall upon the 
holster in a thin sheet. The tfeeping tablet have upright edges ; they are from 4 to 5 
yards long, nearly 2 } ards wide, and have fiilly a yaid of inclination. The tables are 
sometimes covert with cloth, panicuLtrly in treating ores tliat contain gold, on a 
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■nppnsiiion that the woollen or linrn Ahm would better retain tl)f metollio partlelcil 
but thU method appeari on trial merit no ootiAdcnee, for it prodticet a tery 
impure urMteh. 

Jicoiyo MACiiiNrav. 

Ill the jigging tiere only the initial eeloelty of the aubiUneei to be aeparatej 
ia obtained at each atroke. >^'ere, however, the tteve plunged to a depth of, 
•ay 20 or 30 feet, the varioua graiaa would eeitle themaeWea according to their 
▼arioua Teloeitiea of fall, one over the other^ aMutiiiug them to be of a uniform 
siae 

'riie following t.ihle Rlioaa the fhU of varloua apheret In water in one acoond, the 
depth heing in Trusaian inehoa. 



Giild. 

Rpre Grav. 10 t 
Priuiluii tneliei. 

Oalemu 

Rpac. Graf. 7 S 
I'ruMUn tnchM. 

Rli'uilt*. 

Spec (Irav 4 
Piuanun Intltei. 

Quarti. 

Hpac Graf. 0-0 
PruMiaii tacli«i. 











4- 

70-711 

42 492 

28 868 

21*082 

2 828 

69 4CO 

3.V73I 

24-27.5 

17 728 

2- 

60- 

,30-046 

20-412 

14-907 

1-414 

42-04.6 

26-26G 

17-165 

12 53.5 

I* 

35 S.'i.'i 

21-246 

14 434 

10.541 

«-707 

29-730 

17-866 

12*137 

8-864 


2rj- 

1V0J3 

10-206 

7*454 

o;n4 

21 •0-22 

12 631 

8 582 

6 268 

0 26 

17 678 

10-623 

7-217 

5-270 


Now, iiiRtcod of assuming the substances to be of a uniform size, let it be supposed 
that they vary ; the foregoing table u ill show that gold of 8 lines would aettle at bottom, 
and that when gold of 2’9 lines Ivgaii to settle, the galena of 8 lines would full also. 
With galena of 3} lines blende of 8 lines would be associated, and so on. 

If, secondly, it lie assumed that the substances varied between 4 and 8 lines, some 
time would elapse, after gold of 4 lines had settled, before the galena would begin to 
deposit itself. With blende, however, of 4 lines and quartz of 8 the latter would 
almost appear at the bottom at the same time. 

The proportion between the maximum and minimum sizes of the stuff to be ope- 
rated on should be us the specific gravity of one to the other. Thus, 

Gold and galena* ... 7’5 : ]9'2:: 1 «r2'56. 

Galena and blende - - - 4 * 0 : 7’5:: 1 -sroTiJ. 

Blende and quartz - * *26: 4’0:; 1 »1'537> 

JJtind tki'e . — This apparatus, /g. 6*83o, is formed of a circular lioop of oak, g of an 

inch thick and 6 inches deep. Its durneUr 
ranges from 18 to 20 inches. The bottom is 
made of copper or iron wire meshes, of various 
sizes. Sometimes perforated copper plate is 
employed, when the sieve is termed a copper 
bottoni. The sieve is shaken with the two 
hands In a cistern or tub of water, an ore vat 
is however sometimes employed, and either 
fixed horizontally or in an inclined position. In using this sieve the workman shakes 
it in the vat with much rapidity and a dexterous toss till he has separated the totally 
sterile portions from the mingled as well as from the pure ore. He then removes these 
several qualities with a sheet iron scraper, called a limp, and finds beneath them a 
cerfain portion of enriched ore. 

Velutng sieve,— This sieve. A, fig. 683f0, is either constructed with a hair or canvass 
bottom ; the former is more expensive but more durable. Its peculiar application is 

ohiefly for the final treatment of ores previoos to 
being pat to pile, snch ores having first passed 
J I through the finest jigging sieves, yet still main- 

In the separation of ores from light waste, or 
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tyil^ ti ftpproBrh oii« anochir toBtfvhat elotely in Chnir denaiticit, this fom 

of iloft !■ tMlh nm niul efiocutv, but Co ium it properly o coDstdcrnbls amount of 
doiterit) and prattuo is roqoisue 

Thrrv an two pnocipal uiethcids of using it • b> ono a motion m gifeii. whin by 
the vasto is being constantly prolceted and carriiK) o^tr the rim into the kicve bj a 
eiimnt of water torcid tlirungn tu bottom 1 his mode of trtatmint is iida|it«d 
f(»r poor ores In the second case when the ore is nearly pun but still as^o 
ewtcfl nitlia biari ganguc,a motion is given to tbt sitve whereby the wsttr is fomd 
ilirotigh the ore, and made to Iravi rse 
till surbu i ol the tiiiui ral in conu u 
ti u c ireb s 1 his motion t ollecti the 
w i«ili iiitotlu inidilU of till iKkti naull 
H> till fliMt iiitlhoil utiout SIX tons (nr 
iliy may lie pi^scd tlirotigli each 
Turkman and inruhid for tht steoiid 
I |H ration I he ucigkt of tin sieve 
\aninfn in foui to five pouiuli, lU di 
itu* ti r IS tw( iity six inches, de| ih fmir 
imliis luul cost from i» 'll/ ic i« t / 

^ Loiistrmud ns 

shown 111 /!/ (HU IS somitiniiH etti* 
pto)td oil ih( (\mtimiit a re pn scuts 
tin table on which (he niimral is 
pine d 11 in a lurge kn ve ot water m 
whieh the Sieve is 8 iim|m tided by Uu 
iron rcKl n set in inotioti h} nuatis of 
the nrrnngf me lit i cj, ii siis|Kmlcl 
(It I and inning ut the extic nitty ii a 
) ov tor the recc ption of atntill st »iim 
III 1m iiMcl for the purpMe ot c uiiter 
I thing the weight of the sieve ai 1 
Mveral liiiiiigs lly inoviiig the rod 
r sliding in a, the woiknan gives the 
i 4 i|Uiied iiiottoii to the sieve, and 
when its ceinteiits havu 1 m cn sufli 
euiitly waaticd he removes them by the same iiieais as hen the hand aieve la 
employe d 

Hami jiggwy ot hukt « ii« I he brake sieve, Jtq i ** P/ is reetaDgulor, m well as 
the cistern in wlueh it is agitated a, wooden U\ei, h ivnig its axis at r| S, puMNi of 






wre light iron bolted to end of lever a, whilst its upjier end pas«cv freely through a 
slot opening in lever i>, and having two ahoalder pnijeetioiis c b, axis of lover n , 
Cl bars eonneeted with lever n, supported on axle x, and from which the iron rods h ii 
depend, j, rectangular sieve, x, under hutoh, L, shoot for overflow of water, x 
receptacle for retaining any fine oru which may escape with the water from i., 
AS well as for receiving the butchwork A hoy pUmed near the end of lever a, by 
the action of leaping jerks ii smartly up and down, so as to shake iffectuully the slave 
J Kaeh jolt not only makes the fine imrt pa« through the meshes, but chmsges the 
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filttiTB pofitltm of Ihone whtcli remain in the eieve, brinipng the }arfr and hcaTier 
|riacet f venlualljr tf> the bottom. The mingled fragments of ore and stonj snbstanci ^ 
Im above them, vhile the pfior and light pteeev are at the top t thcMK are first scraiMd 
olTby the hmpt then the mixed portion, and lastly the ore, which is nsiially carried to 
the ore heap Thu sieve IVame may be made 9 m 4 feet inside and B to 9 inches deep. 
Ilie hatch should then lie A feet long, a| feet wide and 4j| feet deep, constructed 4»f 
good deal boards 9 inrhcs thick. The quantity of stuff which a buy can jig in ten 
hours will depend upon several e rcumstances. With a sieve six holes to Um square 
inch ttud a tolerably light waste, frfiiii five to six tons can be operated on. 

Afuchtne Jtpffing — The machine jiggi'f r(*|in‘Scnu*d in fy. ia constructed on 
the same principle as the hand apimratus. The hutches are, however, somewhat 
larger, being six feet long, four feet wide, and four feet deep. A, fly-wheel i n, driving 
wheel \ r, cog wheel receiving moiioii from a, and giving motion to a crank from which 
depends a riMl attached to lever n M k, the vertical rod, passes through a slot opening 
in the wooden lever r, and hy tliesc feveral combinations a veitical movement and 
jerk is given to the sieve contain<*d iii the cistern a. 

When it is required to discharge the aleve, the luver n is depressed, and the pin, 
not secu 111 the end of lever p, traverses in the slot shown in the bridle rod iuime- 
iliately below tb** brac'ket. The siete iiicaHurt's 4 v 9 feet and 9 inches deep. It is 
strengthened by iron batul<» and numeroua slips across the bottom. 

A Jigging apparatus, Jly ^iHt, has been arranged b\ Mr. bid ward Dorlaso, of St. 
Just, ('oriiwall, and intr<M*)ured by him at Allenlieada, with satisfactory results. At 
them* mines it has lie<'n worked in conjunction with the machine, yfi;. 13B1. and de- 
scrilied at page 3:id The larger sihI denser {lortiou of stuff separated by tins appar- 
atus ia conveyed by siiit.ddc launders to a series of sie\es, arranged on the top of a 
eoiiienl reS4*rtoir, furnished with a fei d pipe for the admission of water, and with an out* 
let pipe at the Ikittotii. This reset voir \i placed w ithin another reservoir, also in the 
form of an inverted cone, and [iiovi lt*d with an outlet pifie at the lower pait. a, ec- 
centric gis ing motion to the sieve ; ii, launder oomeyiug stuff to such sieves ; c, dislri- 
hator, either stationary or revolving as may hi* reipiired, delivering stuff to the sieves 
urranged on the top of the conical reset voir } F, valve for discharging the finer portion 
of the ore ; a o, internal cistern furnished with an outlet valve ri. 

The sieves have a slight outward iiidiiiatinn, and the refuse sulistanccs with the 
waste water are carried over and deposited lu the conical cistern, o o. 

The sieves should make from IfiO to 900 pulsations |>cr aiiiiute, according to the 
quantity and character of the stuff under treatment 

The following la the result of trials made on ICO tons of stuff, one half being de- 
livered to Dorlase's machine, the other to the coiiiiiion jigging hutch. 


row.— 

Occupied hutching enttings 

Ditto amiddum fVom da 

Sludgt* machine, waabing sludge and 
smiddum . - - - - 

Dressing the ore in n trunk 
Aggremte number of hours occupied 
hy the lads in doing the work, via. 
feeding cuttings and hutching smid- 
dum ------ 

Aggregate number of hours occupied 
^>y the lads in washing sludge and 
l^middum, including the final clean- 
ing in a trunk - - - - 


llortiiitf*s 

Mscliliie. 

llutrliers. 

Dlfli'rei In 
rsv> iir «il llor- 

Uit'i Marliine. 

llouri. 

I lour 4. 

Ilourf. 

50] 


n 

6 

10} 


2U 

1 


91»# 

Clj] 

1 

lOl 

1 

ni* 

195] ^ 

1 

«ll 1 

109 

1 

123 

21 


(W — 

dad 

£ t 1. 

Of boys attending machine, wheeling 



away waste, and preparing ore for 



the bing-sleud .... 

1 15 9 

3 8 U\ 
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Pethmck*$ n^Mrafor. Figt^ 604a it 6646 A, the plttDgrr or foreu pump ; b, 
ceptaciflf fltifd with iwvmi c. hutch 6Ued with wttcr t D»difteharge holct fitted with 



»«64« plpn I ^ aonMo pbti 46 admit of withdiswi^ 4hf ««{ r, hoparr mllfc 
Vot. II. G 









82 


DRESSING OF ORES. 


A^omt Ike yimr 1H31, Mr. Peih^rick iotrodnecd the aboee maehioeat the Fowey 
Cuttfole Minei in Cornwall It wat deieribed in the Quarterl/f Mmtmg Aertiir, 
Jannary 1632, fVuni which the following U extracted. Thie aPMchiuery ig par- 
tiottlarly intended to gupenede the operation of Jiyying in eCparating oreg from 
their ri^uge or wagte. * * * In the aeparatora, the gievea contaiuinff the oreg to Ih* 
cleaned are placed in gniuble apcitureg in the fixed oofer of a vegael filled with water, 
connected with which ig a plunger or ^gton working in a cylinder. The motion of 
the plunger cangeg the water to rine and fall alternately in the gievee, and effecta the 
required aeparatioo in a more complete manner than can be performed by jigging. 
The variety in the extt'ut and quicknega of the motion required for the treatment of 
different deacriptiung of orea ia easily produced by a aimple arrangement of the ma- 
chinery. 

A principal advantage in thia aeparator ia derived Awm the eievee being etationarg 
(io jigging, the airve itaclf ia iiiovi^) during the proreaa t thereby avoiding the in- 
diacnniinate or premature pauing of the conteota through the mealiea, which necca- 
aarily attenda the ofieration of Jigging, whether by the brake or hand aievo. Greater 
uniformity of iiiotioii in the action of the water, in producing the n^quired aoparatinn, 
la alao obiained ; and auperior facility afforded to the depuait in the water icsacl 
(cRpectally in dreaaing crop orea) of the finer and richer particle^ which iii jigging 
arc priiicipully carried off in the waate water. 

The auperiority of the |mtent aeparatora over the ordinary meana of cleaning orea 
will perliapa lie heat ahoun reference to their actual pcrtoriiiuiice. At the Fowey 
l\>naola and Ijgneacot niitiea in (Wnwall, where they are extensively used, seventeen 
distinct ex|icnmeuta have licen made ou copper ores of various qualities fVoai differ* 
ent parts of the mines, to ascertain the extent of the advantage of this mode of stqmru- 
tion over the ofieratiou of jigging. Seventeen lots of ores, amounting together to 
about 800 tons, were aecurateJy divided, one half was jigged, mid the other iinlf 
eleaiietl by the aeparatora. A decided advantage was obtained by the latter, in eiery 
experiment ; the following are the apgri'gate reaiilts : — 



QimiUltjr of 
MarkoKtlilt* Oiot 
reiiiriiod 

ol Motiil. 

Quantit) of M* tal 

1 

Valor of Dirr 

Ily Jigging . - - 

Tool. Cvt. Qr.. ' 

1 

! 

Tom call. qra. Ibi 

£ K <1 

76 19 0 1 

5 19 2 3 

362 7 

Uy the separotors - 

74 19 0 

H 

1 1 

6 9 0 IB 

39C 6 7 


DiaWrenro In ihr 

In tlir Labor 

Total. 1 

\ alua of On a. 

of Cloaninir 

e • i) 

33 U 0 

lead 

2 11 4 

£ a. d. Being 9s. 8d. per ton, on 74 

* * tons 19 cwt. 1 

1 


It iituat be obvious to those who are practically acquainted with the subject, that 
the poorer the stuff containing the ores, the greater roust bt* the relative value of any 
improvement in the process or cleaning it. This has bet*n satisfactorily' demonstrated 
by the triala which have been made in the mines before mentioned, in dressing the 
taHingg, which are the refiiH^ of the inferior ores, called halvans. It appears that 
these tailings may be dressed by the separators with more than treble the profit to 
the proprietors, which could be realised by the ordinary methods ; and there is no 
doubt that there are vast quantities of surface ores, both copper and lead, in various 
niinea which might be dressed by the same means with considerable advanuge. 

Hundte Setx Strum Machine, — This apparatus consists of an arrangement for 
a^kwtiog, washing, or sorting ores and other sulistaneeB according to the sisc or 
spIRfio gravity of the particles. This Is effected in a continuous manner by the 
agency ol a body of water rotating in a bmnsontal direction through which the sub- 
stances are made to fall and which are collected at distances increasing in inverse 
proportion to their sixe or specific gravity. For this purpose au annular vessel, 
a, placed in a larger cylinder 0, is caused to rotate round a central vertical axis c, by 
means of a pulley or cone a. This annular vessel is open at top and bottom, and 
placed in the slighMy larger and cvUndrical vessel d, which is kept full of water 
daring the action of the apparatus. The bottom of this vessel is divided into com- 
e, corresponding in number with the degrees of fineness into which it is 
desired to classify the ores. The vessel having bc^en filled with water, the ore is 
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eAOted to (Ul regoUrljr. through a spoot into the bndjr of water rotatlog with the Tet- 
lel a 6, ronnd the txU c. In order to carry the water round with the veiael a 6, a 
blade ia fitted between the two cylinder! a and which, if pot in a cuitable poeltion, 
doee not interfere with the ■orting. 

The particles of ore having the greatest speoiflc gravity will fhll must rapidly 
through the water, aud will consequently pass out at the bottom of the vessel a 6. at 
a point nearest the stationary spout I, whilst the particles next in specific parity will 
fall in the next compartment, and so on. The p^ticlea of ore to be ciaatiled accord- 
ing to their specific gravity must be as nearly aa jKWsible the aaino sise, whilst anv 
material in a granular atate, aud of the aame apeeifto gravity in all Its partieles, will 
be classed according to sise. The action of the apparatns continues till the compart- 
ments e are full of ore. When full, the weighted levcra r, are lifted op, and the ore 
allowvii toescape with the water, la places where water is plentiful, Uie apparatns may 
be made to work quite continuously by giving to the opening (, such a sise that 



no more water can e«c.i)H> wit i tlic ore than is continually suppliett The entnpart- 
ments e, may in this case be much smaller. Where water is searee the quantity iw- 
quired may be reduced considerably by fixing a liptbmi to the inner cylinder and 
leaving this cylipder empty. The drum will thereby get a tendeney to float, which 
may otcrcomc as far as necessary by petting ballast in it By these means a 
quantity of water equal to the cubic contents fjf this cylinder will be saved i at the 
same time, by giving greater dimeosioos to the oompartmenii e, the water will be omde 
to do duty a longer time. Tbe number of revolniioM of tbe dram will be Ibuiid in 
most eases to range between the limits of two to six per mbnte ; the diameter of 
the drum firom eboot tour feet and upwards; the sise ^ the ore grains, or particlee, 
fhMo one thirty-seeood to half an inch. The power nquirad is extremely smnU, and 
one man can attend to a great nomher of these machines. 

Edwtu^ amd Beaeker't Patent Mineral and Coal Waihing Machine, eonsiate of 
two cisterns, rectangular in borUontal section. Within a few inches of the top of 
these, perforated platce or screens, sA- dd4d,areflsed, npoo which the matarfol to be 
washed is fed throngh a hopper, which also oonneets the two eiaterna. Onteinner 
tidet of the cisterns, are two apsartures doted by flexible diaea, or diaphmgnn of 
leaUier, c, which, when the mamnoes are filled with water, eaoie it to nao and IhU 
tbnmgb a certain apaoe, Vj ntftai of a horhumtal vibemoiy motmo, wbiek they 
fectivefromaneeeeottieonaibBfl, whicb iivdiiveaefoberby •meani'Oiiginentlnehed 
directly to it, or by a driving belt and policy, a. 8ce WAamM CoxL, 
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TIm Mitkn of tbo flosiblo diapbnmt It tlmilmr to that of eyVnden and pliloiii» 
whidi mw aoOMtiiBot tubitltalod for thorn. Abovo the driTiog thaft it anoalieroBo, 
a, vhioli It drlren at a tiower rate by meant of toothed whcelt, and givet hy orankt 
or eoeentriet, a horisontal motion backwdt and font ardt to lett of tc r a pt m r, ahoee 



the eiftemi. Thete are to arranged at to remove the upper ttratnm of the inbttance 
being acted upon, and ditoharge it into waggont or other convenient reeeptaclet { 
thete upper atkuta are of course the lightest, the heavier part settling upon the per- 
forated plates below. 

‘When from the action of the machine a eontiderahle quantity of material hat ac- 
cnmiiluted upon the^e plates, the scrapers are thrown out of ^ar by meant of ap- 
paratus attached, H B, and the stuff raked off, the operation being then continued on 
fresh Buppliea. Doors, a a, at the bottom of the machines admit of any fine ttufiT which 
may pats through the perforated plates being removed from time to time as may he 
necessary. 

These machines are in use for cleansing eoal at well at other mineral substancet. 

In lueh cases the heavier atuff which remains upon the plates eontiitt of shale, 
pyrites, &c., very injurious tuhstances in the manufacture of coke. One machine of 
two coniieet^ citterna, it capable of washing about thirty tout per diem of eoal, but 
the quantity of mineral work will depend upon the amount of ore present in proportion 
to the wHttc. The site of the perforations in the screens is adapted to the quality of 
the material acted upon. 

A washing machine has been arranged by Mr. John Hunt, late of Pont-Pean, 
France. 1 his gentleman states that it requires but little water, and ia ao contrived 
IIS to circulate this water for repeated use. Several machines are in operation al 
lead mines in Gomwall. 


SKPAUAToai on CLAsnpinns. 

Of late years apparatus of this class has been steadily coming into operation, not 
only in lend and copper mines, bnt also in the dressing of tin ores. The prevailing 
principle is ihst of directing a pressure of water against the density of the descending 
material, making the former sufBoiently powerftil to float off certain minerals with 
whioh the ore may hsppen to be associated. When marked difference of densities 
exist, and the ore oan be resdily foeed foom its gangoe, thia mode of separation will 
be found effective. Trommela may be advantageously employed for sising the stuff 
previooi entry into the aeveral separators. 

SUme i^mntor.^Thw apparatus is due to Captain Isaac Richards, of Devon 
Orest Consols, and is employed for removing the slime from the finely-divided ores 
which have paased throngh a aeriea of sieves set in motion hy the emsher. llie 
finely-dividM ores are for this purpose conveyed by meanc of a launder upon a small 
water-wheel, thereby imparting to it a riow rotaiy motion. Whilst this is taming 
time is allowed for the partielea to aettle in aeeordanee with their aeveral denaitiea ; 
the rciult obtained ia that the heavier and coarser grains are fonnd at the bottom of 
the hnekets, whilst the lighter and finer mattera held in anapenaion are poured out of 
the bMkets and flow away through a launder provided for that purpose. The etnff 
remaining in the bottom of the bi^eta is washed out by means of Jets of water ob- 
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tateal fttm • Bmtiiw-ealumn ten Act in height, and fimn dhnotly into the funnel, 
oft f0llll4 bllddlfe 

wlurd A, Jin. $84e, U tbur (vet in dianieteri two foot tlx inebet in broadth ; hu 



twenty four bucKeta, and moke# flve revotutiona per niinnte; n, launder for aopplying 
the fliielypuWenaed ore } c, prefaure-oolumii ; i> Jet-piece; e, launder for coo\ eying 
off the alimo OTerfl<»w of the wheel . f, launder for eonwey mg rougha to round buddie. 

aVirmocMiem.— ThetaiU from round buddlea arc aometmiea paaaed through thia ap- 
paratua. It conaifcta, jffy 68 of a wooden box provided with an opening at the bottonu 
A, which ia ui eommunioation with a 
preaaure-pipe, a, an outlet, c, and 
hat a ainall regulating tlutcv, o. The 
atuff from the buddlea entcra at b, 
and the preeaure in the column la ao 
regulated as to allow the heavier 
particles of the stuff to descend, but 
at the same time to wash away at r 
the lighter matters that may be as- 
sociated with the ore. This is done 
by having the outlet c of leas area 
than the inlet, and fixing on the 
extremity D a convenient regulating 
sluice by which means a greater or 
less quantity of stuff may be passed 
over the depression r. Two cisterns 
of this kind are generally employed, 
the second being used to collect any rough particles that my have passed off from 
the first. The depth of the first cif these boxes may be eighteen inches, its width 
thirteen inches, and its length three feet six inches. The dimensions of the second 
may bo oonslderably less. 

The arrangement of another separating box is ehown in^#, 684y and 684A. The 
slime water flows in at m } and water etiU holding a considerable portion of slime flows 
away ftom the opposite end. It is necessary that pieces of chip, small lumps, or 
other extraneous matter should be intercepts previous to cotering this appar^us, 
also that the slimes should be evenly Mied by means of a trommel or eieve. The 
heaviest portion of the slime water in which the sand and ore is cstained, is dis- 
charged at 0 , which is about an inch square. The launden p for tlm pnrptm 
of mmTcyiag th. lliiiM wMer either to boddlee or ebokiiig ta^ diBeaMW of^ 


Bnt two other etstems of similar form are attached. No. 1 oi^rn will work a boot te n 
tons of stuff in twenty-four hours, and by widening the box frm eigbtsn to^enty- 
aeven inches it will get through twsty tone in twenty-ftonr hoois. ASxm to m 
side of the boxes are hammers so contrived as to pve 
nwnMrofodonytab. C»o»tutto triten to the eoMttMtloit of 
that toe •Utotoratoc toe mrai^ ha neither too atakaMr toe Sat i if toe flat the 
»til a aacamiilataa, «U it itoald lalMf ^ 
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And oMst tbe diadi«i|re pipe o' » nnd if ^oo eterp the clatiiBen would become of iu- 
confeAkntly larae dimeiitiooc. A f^radient of 50° to tbe horison ie found to be tbe 
nocttniUibkN The chief dimeneions of two cisterns, viz. one working ten, and tbe 
other twenty tons, are aubjoined. 


Ton tons. | Twrnty inns. 


! No. of Itox. 

i 

(if 

Buk. 

Brriulili of 
Box. 

l>^ih of 

LitiHth of 
Box. 

Br.'ailtl) of 
Box. 

l>i'lilh fi| 
Box. 

I 

ft. 

ft. 

ft 

ft. 

ft. 

ft. 


9 

, a 

6 

9 

A 

f> 


12 ! 

' 4 

8 

12 

9 

1 8 

> 4 

I.'. j 

! « 

10 

ir> 

\ 

10 




According to experiment! made in the Stamping Honse of Schemnitz, where 
twelve tons are stamped ^ twenty-four hours, the first cistern separated from 
the slimes 40 per cent of the ore ; the 2nd cistern, 22 per cent ; the 3rd cistern, 
20 per cent ; tbe 4th ciatem, 12 per cent; together, 94 per cent, leaving a loss of 6 
per cent 

From No. i box every onlne foot of water flowing through gave 16 pounds of 
sandy matter. No. 2 affordisd 18 pounds of flner stuff. No. 3, 16 pounds, and No. 
4 yielded 12 pounds per cubic fbot of water. It should be remarked that the outlet 
o IS proportioned to the dimensions of the machine. 
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BorloM'M Afarhtne^ fitf. 6R4i. The ore and mineral iiihatanees afu^r paaainfc 
through the cruahitig apiwrutus, are introduced at a, and flor thiough the ipacca 
BB, pAMing into c c \t the bottom ta a circular chamber k k, with a perforated 
cylindrical plate i Wuttr under pieaaure ii supplied by the pipe o, and regulated 
by the cock H. 


G»4i 



It will be seen that this apparatus consNta of an external and internal cone with a 
space between them, and that a sepaiatioo of the orey matter ia elFected by limiting 
the power of the water between the dtnsity of the atufF to be retained, and that 
which la to be diacharged at J r into the ahoot a. 

At L the larger and denaer portion of the mineral which baa fallen through the 
ascending current iif water, la conmed either to a jigging machine or some other 
enriching apparatus. Mr. Borlase nrst erected this apparatus in the United States 
of America, where it was found to answer remarkably well, and be waa induced by 
this success to attempt its general introduction in this country. In this endeaeonr 
be baa not, however, been entirely auecessful. Mr. Borlaae has neverthelesa sneeeeded 
in difecting attention to the advantages to be derived from caiwAiily devised experi- 
menta on machines for cleaning ores from the earthy and other matten nixed with 
the more valuable ore. His machine, above described, was employed with eneeeaa 
at Allenheada. The comjrarative results afforded by Borlaae's Imkmg meehlnei 
and the common Nicking Trunks, may be teen from the following statemeat 


Lbad Mivn, ALUcmnAim. 

ReaaHi of trials with Borlaie’a 44 #eet Circular Lend Ora, Sludge^ and SUme 
DremiBg Maebine, and die eommon Nicking Tnmki, llardi 1859. 

FurtT-fbur wbeelbaitows Adt of exactly the tame doaerlpIlMi of allmea were put 
through each of the reapective processea 
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Fig, tB4k repments a wooden eiitern ▲, baying an afwrtare B,at the bottom, about 

an inch diameter, which ia altematelj 
closed and opened bj means of an iron 
plate c, fitted npon the yertioal shaft, to 
which is also fixed an iron paddle d, 
which rerolying hoiisontally keeps the 
ore and water in constant agitation, 
'i'be tails from the Tarious bni&les, as 
well as the stuff from the cofers at the 
end of the strips, fiow in at i, and pass 
through a perfbnted siiing phrte r, into 
the cistern. The roofer and heavier 
portions escape diron^ the hole b into 
a strip where it is continnally stirred, in 
order that it may be evenly deposited, 
and at die same time fireed from the 
lighter particles. The overflow contain- 
ing fine ora passes by the launder o 
into catch pits, ftom which heads and 
middles are taken to be elaborated by 
means of huddles or other apparatns. 
When this separator ia employ^ in tin 
dressing, it is usual to divide the stuff 
in the strip eonnecfed with the bottom 
of the box, into heads and tails. The 
first is taken direct to the stamps, and 
agab pulverised with rough tin stuff i 
hnt before the tails can ha ao treated 
they are re-stripped in order to get rid of estraneons Blatter. 

• The coat la imdalf haayy. cha aaaw value of labour woidd hara naintained thraa aa chhi o i . 
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«Mralpr.«*Thb iffiMnitQt if tbf inTention of Mr. J. B. Witkin of 
Wkflil Bfifett and Gryllti'iiear faliloD. He dceoribee U ii a ** •clfHMtiof toning 



mtehiiie, bf wbieh Ibf rongh paniclef an» eeparaiad from the flae and prepared for 
the ineliaed plaae. The orey matter le oarrM into a amall oiatem by a etream of 
water which eaten at the top and paeaec oat at the oppoeite aide hearing the finer 
paruelee with it, whilat the rougher and heavier partidet eaeape at the bottom through 
a riling Jet of clean water, whim preventi the fine and light partielei from paiaing in 
the fame direction.** A,^.6a4ei, inlet of clean water, B, launder delirering the orey 
matter, c, outlet of fine and inferior atuff, n, discharge orifice fbr roimh and heavy 
stuff Thh operation must be regulated by a flood>shut. A eistem 10 net square on 
the top, and 18 inchee deep will pan through about 40 tons in 10 hours. When 
separating etanipe work a smaller cistern is employed, say 14 inches square, 10 inches 
deep, this will topatoh 6 tons in 10 hours. 

A valuable ibrm of separator is shown io fy, 684n, the peculiarity of which consists 


684fi 



in the msaner of introdooing the water and sUmea Instead of the latter depending 
for eepsratioo upon the power of an ascending column of water, it here passes into a 
horiaontal flow of greater or leas volume and velocity, prodoeed by altering the tnpo. 
Compartnents, wia. U 2, 3 and 4, are alao fitted in the b^fbr thepnrposeof teeeii^g 
minm of diflhrent dendties and tise, which is dischar^ and wamd in stripa sat 
undemcathi a, inlet Iminder to troranseli n, wnistof sheet iron | o»troiDinel cither of 
perforated plate, or wire ganae t »» dioot foom tnmunel lerving to eonroy away the 
Toogber portionai b, hopper fiw conveying staff to shoot ■, and from thence into the 
boat r, ascending eolnmn of wntert o, tap for regulating the flow of water | Btii»ii»B, 
outlet pipes for deUvering the separsted atoff to atrips or baddies; o. Under Ihr 
reoeiving overflow from Atem ; p, q, b, waives nguiuttog the width of the com* 
purtments, also fisr the purpose of effecting the diq^itioa of the dUfemt niDerals 
whh which the ore may be easoeiated. 
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iM tMitlon to the mnchinm elreedy described, • slime or sladge dreseing epparetus 
iiae beta designed b> Mr Borlese Ftg 684o represents in elevniion, nnd>^ 684 p 
n pitn of this machine 



It 18 described by the mrentor as ibllows: — The mineral ftom which it is deaired 
to separate the metalho ore baviog been crushed or pnlrensed, is condneted through 
a pipe or channel into a rpTolring cvhndneal siere, a a. The larger parts pass into 
a shoot or launder, n, and from thence mto a self-aeUng Jigging machine. T^he 
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tltne or fino portion puses through the meshes of the sieyo into i shoot, c, uni im 
disoluirged into on aiiniillr Uuiidcr, from whence it fulls either into u stationary or 
revolving distributor, n i>. Fmin thence it flows through suitable channels into tho 
outer part of the machine, a. The apparatus is flxvd on a perpendicular aaus, p, and 
is kept in a continual oscillatory motiou by means of cranks and oonnectiiig rod^ a, 
tlic 8|ieed of the eranka being adjusted so as to keep tbe slime lo oontinuin motion, 
and at the ume time cause the ore to descend and deposit itself at the bottom, whilst 
the wute or lighter portion ta carrit*d towards the inner part of the maobine, where 
it passes over a morable ring, r, which is raised meehuiically, and in proportion aa 
tbe ore rises in the apparatus. The waste is discharged through the outlet x, and 
conreyed a«ay in laiinderK, When the mBchiae la fllied with ore, It can lie settled, 
M m the dully machine, hv meani of percumitc hammers, J J. The ore can bo 
cullected either by reversing the gear and towering the ring n, or it may be washed 
into a teci'fver as convenient. 

motion IS given to the vertical bar K, which is mtde to vibrate so as to turn by 
means of a ratchet the wheel L, iltted on a horisontal shaft, h. Tlie ratchet is 
raiv^d or lowered hy a worm screw, in order to increase or decrease the speed reii- 
dertnl uccesaary by the qniility oi ore opi^rated upon. On the horiaonial shaft »t 
is a wonn pinion, that works a whii.d on a ^rpundieular shaft, R, on which is fixed 
a second worm ptnion, raising or lowering tne tooth segment on the end of the beam 
o. I'his segment can be shifted out of gear. The oppoaite cud of the beam o is 
attached to the roil i% and connected with the erosibar r, as alio with tliu ring ii, 
which hu a reciprocatory motion in the centre of the iierpcndieular shaft p. 

From the frrvgoing description it would appear that Mr. Borlue hu combined iii 
this apjiaratus the prmciph‘ii of the round huddle with thnt of the dolly tub. 

ThH SlRAER, TtK, and StRIP. 

These appliances may be considered modidcntions of each oilier. Instead of effecting 
a wparation by relying upon subsidence according to the specific gravity of the sub- 
staneea, they are mechanically impelled agunst a volume of water so regulated as to 
canr off the lighter particles 

/ly. U84(r represents the groiftid plan of a ttrake employed in the lead mlnri of Wales. 

6847 



Its extreme length is about 18 feet, width 3 feet. The top increases ftom 18 inches 
to 3 feet 9 inches wide. It is constructed of wood, tlie bottom being covered with 
sheet-iron. 

The tye is ususlly 80 feet long, 3} feet wide, and is often employed for eleaning 
butehwork. In some instances when the ore or dradge is very rich, it is entshed and 
then tyed into heads, middles, and tails, the first portion going to pile, the middles 
re-^ed, and the tails treated as reftise or wuhed in the huddle. 

Fig* 684r , a, inflow of water ) n, head of tye ; c, partition buanl. The stuff is intro* 



ducedintothe elstern d, flows over the inclined front x, end is broomed at f. Between 
B and o MV the heads, ftma o to h middles, h to i tails. At x is mi outlet Ixondar 
regulated with a flood shot An outline plan of the tye it ahown, 664#. 
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6S4f iltip ftlao ooDiifti of o wooden box 

wicb ite bottom inelined ot o grcitcr or lew 
oogle, in order to eoit the ohanoter of the 
•taff to bo operated npon. The object of 
thie epporatu ie eomewhat anelogoue to 
the Minting box, Tiz. to deprive the ore 
•of the flne partiolee with which it may bo 
awociaUHl, and thereby to enrich It ibr fubwqueBt treatment A rather itrong itream 
of water if employed, againet which the mixed mineral ie violently projected by meane 
of a fhovel. When oree are atrong and elean in their grain, but little low can occur 
in»m thif procew, provided proper care be exeretfed in conducting it ; but if their 
•tructure delicate and the conetituents intimately mixed, the waitage muat neoef- 
wrily be great 

The illuitration, 684/, ehowa a atrip, eofer, and aettling eiatern, with dltering 




apparatoa contrived for lead ore. A, vertical launder 6 inchea aqnare, delivering water 
into the box n, 9 inchea long by 26 inchea wide at the point c ; d, bottom of atnp 
covered with aheet iron, 6 feel long and 16} inchea wide at s. At thia point a ledge 
of wood ia aomedmea introduced for the purpoae of modifying the velocity of the 
water and forming a kind of ahallow reaervoir, ao aa to allow the workman to atir the 
atuff. At the end of the atrip a eofer, F, ia fixed, 11 inchea deep, SO inchea aquare; 
H, aetUing box. 6 feet long and 30 inchea deep j x, outlet for waate water. At o la 
inaerted a filtering launder, IS inchea deep, extending acrow the ciatem. At j a 
aimilar launder ii placed, about 9 inchea deep. The water cornea in at A, la lodged iii 
eiatern B, fiowa amoothly over the feather-e^ed board c, falls into d ; here the orey 
matter ia exposed to its action, a pordou settles in f , x\\tflorrin and other light waste 
then descends through g. depositing itself in the box h ; and to retain the valuable 
products as much as powible it ia filtered ati, through a perforated plate covering the 
bottom of the launder. In stripping care must be taken to regulate the overflow of 
water ate; rough ituff must be subjected to a stronger current than finer matter, 
and the bottom of the strip should be constructed with a greater inclination. In some 
lead mines tl^ huddle and hutohwork la stripped to be rejigged whilst the stuff 
resulting fiom the filtering box ia hand*baddled until anfflciently enriched for the 
dolly, when ore is aasooiated with a heavy matrix, and the grain breaks into a 
lesser siae than the other particles, the stripping may be performed by inversion, that 
is to wash the orey product into the cover and filtering hutch, retaining the worthlcw 
portions at d. 

The flat huddle. /p. 684 u, ia a modification, peculiar to the Wdrii mines, of the 


inclined plane, and different from all 

others in its great prqMftional breadth 684ti 

na well as its very trifling inclination. 

The stuff ia placed in a small heap H 
on one side of the supply of water, I 

and drawn with a hoe partly against -M « a ^ \ a b ^ 
and partly acrow the stream to the ■]]}. 
other aide of the huddle, loaing in its | I 

paaaa^ttl the lighter parts. A heap IIIH i i li ^ II li. 

of or^roated in this manner may be , . . . - .v • u* l •a 

deprived of a portion of blende and pyntes, minerela which froin their high sproifle 
irravitv mav have resisted previous operations, a, platform of boards inclined two 
6, cateh pit two feet deep. The width of thia huddle 


L>$biirtu mcAim.— Thli appwatof wu ^ 

Minai, Cudigushire, and h«f been mort iuoeeeifiitty employed in lepanung bl^e 
ftom lead oree. fig. 684 v wpietents nn deention, Md 684 w n ground pjnn or ale 
miehine. n, rtkee or icim|.ere eet nt un nnglo. dependng firam ^ hiring 
tbelr nnii of motiott on the nrbor m . Thie enKiTi as wdl ae a pa r all a l one. aw 
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eafrivd oa frietloD roUert qo\ aad ao bnead together u to form a kind of ftmmei a, 
rod ittaehfd to ftmme, and eonneeted with water-wheel l. k, baltnee be«n,eooiiter- 
jHiiaing the fVame, and rendered neoeuarj in order to eqoaliie the motion, r r', balance 
catehea aerring to aupport the third arbor when eleraCed. Thia arbor ia alao parallel 



to the other two, bat has ita poaition on the top of the guide frame abown in the 
elevation. It paaaea immediately nnder the angle of the L ahaped loda, and ia 
mounted on friction wheela. Ita action la aa follows When the arrapera have nearly 
completed their aacending stroke thia arbor la elevated bv means of the wedge-shaped 
projection on the top of the frame, and immediately the balance catch acta ao aa to retain 
It in thia poaition daring the deacending atroke, at the termination of which the catch 
comes in contact with the prqjecting screw shown in the elevation, thereby dropping 
the scrapers upon the face of the huddle. Conaequeotly, in the ascending stroke 
these scrapers plough the vein stuff against the flow of the stream. The orey matter 
to he operated upon is introduced into the compartment shown on the top of the 
plan, and by means of the diagonal serapera it ia waahed and passed slowly across the 
table, the heavier portion being delivered into the bin r, and the lighter matter into 
the box f', whilst the tails are lodged in the atripiHB. The water employed in 
driving the wheel ia also used for the huddle, one portion of it serves to introduce the 
ore, whilst the other is regularly diffused over the surfkee of the table, and waihea tha 
waste flrom the stuff. In case the quantity of water is too large for fettling tha 
residues flowing into the strips b b, and oonoected with the bins w t', discharge lum- 
dera are provided at a. 

The table of the huddle has aa inclination towards the bins rr', and catch pitt hb. 
This machine makes ahoat twelve strokea per minute, and may he Ihrniahed with 
any number of rakes. With twentj'two rakes, forty tons of staff may he coneen- 
tnted in ten hours, so u to sfford ore for the dUeSag sieve, whilst the blende will 
be sufficiently cleaned for the market. The cost of this sppsiatas eomj^cte is shout 
thirty pounds 

Figs. 6S4x and 684jr represent plan and side elevation of a rotarv separator. The 
water-wheel a, is six feet diameter, and is consCrectcdof wood, with sheet-iron bcekels. 
lie speed of the trommel is oarelhlly adjusted to the chaiacter of the stuff intended 
tobetmted. This is effected bv shiftiog the hand on the driving eooes n n. Straw, 
heath, and other cxtraiieoos anhstanees are prevented from entering the sepuatiag 
table by means of an iron grating c, flxed near the top of the hopper. Thq tromm« 

is formed of three iron boopehmeed together by flat lateral hen, six foet In length. 
Into these hers are inserted the scrapers, which are set ^ifiQyln the form of a screw. 
The hoope are 4 fhet diameter, f inch thick, by meh wide. The eerapers are 
made of light ahect-iran, and are 9 inches wide by 6 inches deep, with shanks or 
stems six inches long, thus making the diameter from edge to edge ef eerapers 6 fret. 
Twelve rows of serapera are monoted on the periphery ef the trommeL The first, 
fiflh, and ninth rows eontaln nine, and the remaining rowa ate fftted wUh el|d>t 
serapera. Each aenper is idjnsted by slightly rotating tbo stem, and tigjitoiiing the 
screw-nuts over and nnder the trommtl-nug. 

The trommel is rotated against the flow of water. From toe vertleal axis of the 
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iroiMMl, Uw Ubl« r, ii more or Iom inclined, neeerdiii|^ lo tlie deneity of the Bunemli 
to h* Mpnntcd The i nrivbed ecuiT it ccdleetcd in the tidc-bin, 9j^ feil in width hy 
• foot Id Imiftfa From this receptacle the saad may be traailbM to Jtemg eierm, 



round biiddks, or otiur suitible dnwitng apparatub llu buff depohiud iii the 
strake h, < ithtr siibjtcUMl to iiddilional nuchatiical tit itmtiit, < i, it tiuttn u ntiv fiee 
from on, tukiii to tlu nlusc In \\ 



The ** work ' lobe emithed entiiii at c, on one side of the table and is dash d 
against the flowing water bv thi attion of the scrapers The heavier portion is pro 
greised across the table, and parsed uto an ore bin, through an opening 18 inches 
long and 3^ehes deep 'I he Iighftr materiaU are dnfted into the strake, and in this 
a ay a a^Htion is efterted threat care must be taken to distribute the stream of 
Mater ti|Kin the surface of (he table, and to proportion its Tolome so as to 

divide the inferior fWim the more valuable minerals The water flowing from the 
wheel may serve not only to supph the table, but a part of it may also be diverted 
into the feed-hopper c, and any excess discharged b} the launder j The quantity 
of stuff which can he passed through this apparatus in a period of ten hours will 
vaiv v^uh the di^nsities of the miotrali to be scpanikd 

S\11D AbD SUME DbRBSIMQ MaCHUIFEY 

In most mint s a large proportion of the ore is composed of dradge, and has to be 
brought to a fine \t lU of subdii ision either by the crushing null or sta nps In this 
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eondiiion the on ii freed fron eterile m«tler, »iid rendered flt frr netaUorgic trenr- 
ini*]ii A rnriety of mtolfSnee hn^c been tttvonted tnd ftfipUtd to thie diviiion of 
dmiiing. in which the leading principle it to produce a eepantioii bjr eubeidence, ac- 
cording to the dencity of the euhetancee In connection with thie principle, the etulf 
is not permitted to have a vertical taU« but is traversed by a flow of water, on a 
table or bed set at such an angle to the horisoniat plane as may ba found ea* 
pedient. With rx*remel) fine stuff, apparatus including both of thm fratures are 
sometimes subjected to a mtchanical Jar or vibration, so as to loosen and ** 
w<*rc. the worthless matter with which it may be charged In ooncentrating cruibed 
or stjiiii}>ed ore, a certain iiuaniitv will oftea eaitt in a very minute state of division, 
iitiuhle to V irhsUnd the currenu and volume of water necessary for the sepaiation of 
tlie larger particles 

Tbeauiuunt and richmss must ntcmtarily dapend upon the united produce and 
Oiaracur of tlie f>rr, as well as thi mode of treatment observed A gtKid dnwser will 
form as little sLine as possible, since wlicn the ore is brought to this condition It is 
tisiisliy ssaociatcd with a lar^e mass of worthlets matter; and not only so, hut the 
expense ot extracting it is materially increased The loss under tlie m<wt fhwnirable 
inaiii|iulation is very large, whilst the nschmery nH|a{sUc is prohabh more coin- 
plicateil and i xiiensivo than any other seetion of the dressing pKnk Although several 
nun hint s are illustrated under this head, find many niort might have bocn addivl, it 
does not follow that tliev ma} be advanugeously employed for every varktv of ore 

Thus an apparatus which would enrich slimes by one oiuntition from 1 j to ft per 
cent might be both ciononiioitl and desirable for treating eoppi^r ore, but would not 
i>e so iiii[Mirtant in the case ot lead i»re of tlie same tenure; for after deducting the 
loss ( t inetal iu( ident to the < nrieliuient, charging the manipulative <ost on the full 
i}usiiiit} of stufl, and csfiiiiating the relative value ot the two products, it might lie 
found that one would Mauel^ leate a margin ol gam, whilst the other would )ield a 
Kilt K*aefor> profit. 

I Ik proper suing ot sliiiu u as neee^«Hr) ''s in the ease of coarser work, and for 
this piirfiose Captain Isaac Kiehardt, ot the Ihiou Consols Mine, has arranged a 
|H*euliar shine pit The watei md stuff from the sHiiic sepaiated, is delivered through 
a luuiidtr into thui pit at the hind of which is fixed a slightly inclined plank, dividi^ 
into ciiiinnels b) slips of wimnI iu*i in a radial direction fiom the aperture of the 
dclivtrv launder This pit has the loim ol an itiverUul cone, and since the water 
pastes through it at u ^try slow rate, the more valuable and heavier matters will 



be deposited at the bottom This apparatus thus becomes not only a slime pit, but 
also a alime dresser. 

The ordinary slime pit bus usnslly vertieal sides and a flat bottom ; the alimt and 
water enten it at one of its ends by a narrow channel, and leaves from the othiff by 
the same means. 

A stiODg central current la Unis produced through tbe pit, wjikh not only carries 
with it a portion of valuable slime, but also produces eddies and eounter-curMnis 
t wards the mdes, which have the efifoct of retaining nattora which from their nnall 
dinsit} sh mid haie been rejected. 
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pmmifuim C, whUfti Um fiebir Md biftvkr mtlMrt, whkA fUl to 

m Mom if tlio mwigoawot, oMopt Uitoofli iho lioodvr », nd iio itipdolcd hj 
wmmviihe plog A, and tho ngoUiing imw a'. 

At Dtroo i'oofoU tb« •llauM flowing fM tbe Unodfr i> aiw dltcedy pMoed over 
Broatoo*! amohlovt, tot iMteed of them ileipiog Uhlm mtj he employed. 

la toMf eaeoe eand end ellnie etuff ere mueh oemminglcd with elaj, and reqaire 
to be broken and dieiategrated before the ore ean be extracted. A method for ac- 
oompliihiag thia la abown in 085. a ia the eireumfeiantial line of a round 



huddle t B, lannder leading to inch bnddlr, or any other enriching apparatni ; c, 
airiing trommel i u. routing paddles , a, tormentor; r, driving shaft 

A modification of this method is found in the slime trommel, ^1^ 685 a. a, hopper, 
into which slimes are lodged i B, launder, delivering clean water into hopper a ; c, 
trommel of sheet iron, 6ttcd in the mtenor with spikes for the purpose of dividing 
the stuff, o, disc, peiforated to prevent the paamge of meoes of chips or biu of clay 
and stone i a, Arehimedlan pipes fitted into a ^se of sheet iron, conveying water 
into gauae or perforalil trommel r , o, slime cistern , h, cistern for receiving the 



rough stuff t J, slime outlet, eoaununicatmg with round bnddle, or other suiuble 
nppaimlos t a, outlet fbr traamel laff, which miy be delivered to a sising cittern. 
*nw speed of the gauae trommal fbr fine alimea varica fh>m 80 to 100 feet per 
minute. 

ffmd fiadtfk — This nppantna ia aomewhat extensively employed in lead mines 
Ibr the coneanirntion of amff which conuini but a amall proportion of ore, auch as 
middlea and tails naoltiag fkom the roand haddle, or the teila ftom atripa, &e. A 
riafaimMPaa of water id Ihnwa at a. This flowa into a trough n, aad through peg 
hotoKid c. Hm the ataff to be treated it introduced, and continually agitated by 
Um boy Id atteadaBoa. Tba iocr portion paaies through the peifbimted plate at d, 
and is dimiibalsd by tbt te-Uiaped inoUna a in an unifbna abeet on tbe bead of 
tbs buddies. A boy ataada Juat below the line of middlea with a wooden 
rake i with thia inatrudMat be eontiaually direeCa the deeoending oorrent to the head 
of the huddle, and by tlli meaaa aooceeda in aeparitiag a larger proportion of the 
oro than wooldothenriit be done. Whether tlm nAe ro the broom he employed, it 
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klMidtiwIaMMortlM Rir Mit/irrMirfto tfMMtnoMtiilor thebaddle. la 
Offtoroywnfcti tht fromaa hat bowi iatrodoaod. h k ttnM witb cuiymi 



and alwaya doata <m th« water. Thii coaTtaa ratidat the due load, which la fyciii 
time to time waahed off la a otatm The aeoiloa lo tha drat dotted lino ahowa tba 
heada of tlia huddle , thia to tha aaeond dociad Mae will be the middica. aad 
from tha aecood doited line tha taila eommaaoe It iniiit, however, he mnarhed 
that tha exact Har of beads, taila. and mlddlea moat depend upon their relatira 
richaeaa The wooden rake la uadoobtedljr praferable to the hroooi, aa wiU appear 
fyom tba follow iait espenmaat, aearythiag htlof equal ia both iriala 

Btoff i^peratad npoo , taila from waabiag aCnpa aaiayad IS per eeut 

With araom. With IUk«. 

Ko 1. Ileada, aaaajad • 16% » t0% 

6. Mlddlea, dttto - . df - - ft) 

3. Tails, ditto . • * - 1| 

It would he found a great improeement If theae bnddlea were anmaged ao oa to bava 
thetr bottoms elevated when it might be neoeaaary. Aa tlie> are dtted at preaeut the 
angle at the head la a eooatantly increaaiag one The reault la, the heada beeome 
poorer and the tails richer, pn>%ldtfd the dxad loclination of the huddle ia eorrect at 
starting, as the operation proceeds. In proporUun to the poorness of tha stuff the 
buddic should hive its width increased, as well as lie made shallower If the stuff 
be also passed through a trommel before entering the huddle, the result will be found 
much improved 

7ht Round BuddU is said to have been first introduced into tJardiganshire. hut hos 
now tiecome genersl in every important mining district. This mschiar serves to 
aeparate particles of unequal apeetfio gravity in a circular space inelmed from the 
centre towards the cireumfereooe. Its construction will be beet nnderalood by 
reference to the annexed engraving, which a is the oonlcal floor, formed 



«r «eod.«d dwat 18 «MI in dfannMcr, .n whWi lb* naff ia diMrib^i • ia a 
eona aapMrtian the nppar pan of tba a^pantaa, aad aervm^ to aff^ the cqnal 
tiibaiian of tho ooay rnttar. » la o wbatl ior cmBU moiMm to the avaaftnent i 
■.ntawalpaftiruad with ftmrbolM aad AiniAadM Mwitb an mnbrtrongb, 
, r nra anna Mnyiag two b t ua b a balanead b/tbawaifni, on | ■ k n lanndar ftr 
Vni.IL U 
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mdaeting tb« Muff fVom the pU k it « ivccptsde in which the iliiiics inixctl 
with water m worktNl np in «uipei>«loii by the tomejitor, which ie a wcxxicn 
cylinder ivrorided with a Dombcr of iron ipikM; l i« a pulley taking itx motion 
from a water* wheel, and m a circular licTC fixed on the arhor n. The ttiiff at k is 
irradnally worked orcr a bridge forming one of the sides of a catch pit between 
the alove n and the torroentor, from whctiee it passes off into the sieve by which 
the finer particles are strained into the pit i, whilst the coarser togetlu*r with 
chips and other extraneous matters are dlschargi^ on the ineJined floor iu connection 
with the launder o. From the pit i the stuff flows by the launder h into the funnel i., 
and afler passing through the perforations flows over the surface of the fixed cone n, 
and from thence towai^s the circumference. leaving in its progress the heavier 
fiortions of its constitueiits, whilst tlir surface is constantly swept smootli by means of 
the rerolving bruahet. Ity this means the particles of different densities will b«« 
found arranged In consccutiro circles. The arms usually make from two and a 
half to four rcrolutions per minute, and a machine having a bed 18 feet in diameter 
will work up from 15 to tons of stuff per day of 10 hours. 

In the ordinary round huddle the stuff is somewhat unevenly distributed, as well as 
imperfectly aeparated. This ariaea twm the small diameter o'f the cone at its base, 
and the large Tolunic of water and slime discharged tifiou its limitod surface. These 
objections are to a certain extent removed by an improved round huddle, Jig. GHri d. 
Alter Uio stuff has passed Uirough a revolving trommel or grating connected with the 
apparatus, and to a certain extent sixed, it Is conveyed, by means of a launder, into 


6S5d 



a hopper a, and fulls Into the basin n. The slime from this basin flows frwely over 
the con\rx plate r. r,\ It will appear that this arrangement secures an uniform distri- 
bution of the stuff, and at the same time the heavier portion is concentrated with 
greatiT rapidity than can be accomplished by means of the common rotating huddle. 

The diameter of the hopper from u to R is 13 inches, from j to K 6 inchea, the 
hosin from c to r> is 9 inches diameter, and the conical centre. from r to r' is 7 feet 
diameter. The huddle bottom is covered with plank in (he usual way. Its -diameter 
is 25 feet, with an annular ditch or gullet IS inches wide. Into this gullet the 
sterile sand is scnifMHt, and if the nature of the ground will admit, the bottom 
of the gullet may he sufficiently iuclined to scour away the stuff, by the action of a 
stream of water. Captain Josiah Thomas states that the Ineliuation of the huddle 
tlof^r at Dolcoath varies from 1^ inch to j au inch in the foot; vis. for working 
** roughs'* 1^ inch, for slimes 1 inch, for treating stampa woiic. | an inch. The 
diameter of the wihkI centre r r*, also Ttries from 7 to 10 fret diameter. Mr. J. M. 
Pike, of i'amborue. has furnished the following dimensions of a huddle erected at 
Tinoroflt, by Captain Teague .. 

Floor of huddle, SO feet diameter. 

t aation of floor of huddle, ^ of an inch in a fbot 
1 cone, 9 fret diameter, depth 15 inches, 
her of arms in huddle, fi. 

Height of anna from wood cone, 7 inches. 

8pe^ of difftrihuting plate, revolutions per minute. 

Buddie, 91 fret diameter, fllled in 94 boon to a depth of 13 inches. Contents 
I9H cubic feet, or 5^ enhie fhel per boor, requiring lobO gallons of water, or 304 
gallons per cubic foot of staff treated. 

The transverse aeoHon,^ 685 e, shows the application of these hnddiM to the 
enrichment of tin ores at Wheal Uny, in OtfrnwiUi. a, stamps pass ; framework 



DRESSING OF ORES. 


i)f itanpt ; c, ttaDtpa platform ; u. Inunlrr for oimveying itam^ work to baddift k 
aud r. Rtftween the rcapective buddlei ruoi a gullet, o, into which the waile flow#, 





w hen the duKhetA. n n, are opennl 'n>e bed of eaeh Ituddle In 90 feet in dmtueter, 
the annular «]ia(M*a 1 i. 1 finit wide, making the diataore Ibom wall to wall 99 feet 
It will he oWm^d that the ami u tar apace la inclined towarda the gullet, u. One 
huddle ta aufficient to treat the aro0 pulvcriaed by a aet of twelve or aixteeu stainp- 
heade. At Whi il Tn). U biiddlea are emoloved. 

The iiK'Iination ot tiie huddle Ixittom i« | of an tneb per foot Motion ia given In 
the centri' plate and aniia h\ ineaiia of lievil gearing, aetuati*d hy the ataitipiiig engine 
The diHtrihitting f»iate of foe huddle makea 9|| revolutlona {kt mioule. The atainp- 
work, when paa^ through a perfomteii platt having 96 holea to the lineal inch, can 
Iteconeentrated at the rate of & cubic feet pet hour. The arrangennmt of the dreaalng 
♦lour >a h\ Mr J M. Pike, of ('ambinie 

(wrrmfttt rtifttf/Htf bmd^4 — 1‘hH machine {% aaid to the aeparation of the 

< arthy mattera from finely divided orea more readily than tlie ordinary round hndille 
Tor till* piirpoae the pulwriiu^l ore ta intmdured near the centre of a Urge alighily 

< onieal rtuniing table, aud floaiiig down towarda ita |ieripheiy a portion <»f the iippf r 
part Of hi'ad lueconnw at once frv^ from extrani^ui aiilMtancea. Beyond thia hue of 
H'parution in the direction of the cinuimference, the atuff la auhji*eted to the action 
of a aerie« of brunhea or rakcN, nnd bj itieanN of a Kheet of water flowing over the 
agitated etiinis <lean on* i«< Mated to Ih pr4xlue«*d nliimNt at u MUgli* operaiion 

The iduNtraiion, ftff. t>HV /, repreaenta ihia inacbioc as fint erected at Claiisthal, but 



it may he mnarked that aooie of ita meehanical detaila have been aince Jadicioualy 
modified by Mr. Zenaer. a ia an aaia aupporting and giving motion to the table a, 
16 f^l m diameter, and riaitig towarda the eentm 1 inch per footi c, caat-lron wheel 
15 iaehea in diam«der, operated on by the tangential aerew n. The tooth-wheel r 
drivea the pinion /, the aain of which U provided with a crank giving motion to a 
rod fitted with bruahea i u ia an annular receiving box mebea wide, and fi indiea 
deep ; o, ctrcular trough of aheet-iron tnpportrd on the azia of the table aa indi or 
two abcore its nirfhce, and to divided that one quarter of it aervea for tbe rreeption 
end equal diatnbntion of the alimc, whiifi tbe other three quarten aapply dear 
water : 5, laander for anpplying allme ore, behind which is aBotber not sbowD, for 
bringing in clear water, n, trough supplying additional water to the stuff 
agitated by the brushes. One ead of this water-tiwngh is fined abooC the 
middle cf tbe toblc^ whilst the other advaocca In a corved direecloo nearly to the 
cirvnmferrace. 
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7%t eo 9 e«m timt hmiik — Tbf ohj«Qt of thU apfioratiif if to eoorcntrato on the 
I^Hpliery of th« fliior, initrsd of the centre. Tbh nmngement ftivei an imnifmie 
norking area for the lieada* and at the aame time admit! of the Mparaiion of a greater 
(HirtioD of the wmate than ean be effected by the ordinary round bnddle After the 
aliiiiy water has been diicharged on the edge, tbe area over which it has to be diatri- 
biio'd is gradually contracting, thereby niereaaiiig the velocity of the flow, and 
eiiubling It to sweep off a pniportionate qaantlt j of the ligtiter matter assoeiated with 
the offtt. a represents the luflow shuie launder, 6, a separating trommel, through 



which the slimct pass previous to their entrance into the laiia'itr a r, outlet launder, 
for taking off castawa)s, d, arbor gieing motion to tbe huddle amts aud diagonal 
distnbuting launders aiuched thento hild by the braces ic v', e, bevel wheel on 
driving at&ir, y, downright Uundtr, to which is affixed a regulating cock, d, for sup- 
pi) mg slimea to trommel , A, Isundcr for dcliTcring clean water to circoUr box m, 
ail'd which water passes through slot openings at p p, uniting with and thinning the 
slimy matter previous to its passing into the diagonal delivery launders; f, circular 
pit for reteivtng tailings Attached to the wooden bar « is a piece of canvau with 
eorrespoudiDg pieces depending in a similar manner from each arm, and which aerve 
to give an even surface to the stuff in Uieir rotation. The ahnies flow from four 
diagonal launders, each having its upper end in communicattoa with box / The 
speed of the arms and diagonal launders must vary with tho utaio of the stuff to be 
oiwratcd upon ; for rough sands eight revolutions per asinate have been found auificient, 
but tor fine sUmes ftoni fourteen to sixteen revoluuons in the same time arc necessary. 
The inflow of slime and water ahouki also be proportioned to tbe speed and density 
of the stuff to be treated. Mo precise instructions enn be offered on this held, but an 
experienced dresaer would easily determine thn proportions after a few tnnlx Tbe 


bed is eighteen feet diameter, and has n doeliDation of nbont six inches from tbe edge 
to the point where it onites with the honsontai portion of the floor. The cost of this 
apparatus complete is about I5l Jt is employed to a considerable extent in I^uuin 
aud affords highly satisfkctory resulta. 

Experiment on slime ore* very flae aad mnch intermixed with carbonate of 

pSMict befbre eoterini huddle • • per cent. 

/fmdi of bwMI. .Tcntmg 8 iMlM.dc.p') of «i.<r »».<«. 


■nd S2 inebea wide - - - - 

Afuiii/es of huddle nvernging l| inehet 
dt^epand IS inches wide - - - 

7^t/« of huddle averaging ] inch deep - 
CWaipays ...••• 


S per cent. 

18|% and 90 os. of eilvcr per ton of lead. 

•t% •nd 41 os. „ 

9% snd 59) os of silver per ton of lesd. 

i% 


Time required to fill huddle, 9 hooTS ; number of arms in huddle^ 4 1 number of 
(evolutions of arms per nunoCe, 8. 
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Experlmeiit oo fine •limei, rnneh Mioeiited with earboute of 

PnidiiM before entering the.buddle - - 

HtndB a iorhee deep. 16 incbei. wi<lc 

MiddltM 1} do. 19 do - • 

ra*u 


- 3 % 

- 71% 

- 1 % 
- Iineee. 


Namber of rerolntiom of oriuf per minnte, 14 \ lime required to dU buddlo. 5 bre* 
111 working tbie huddle one monih upon the fine and roij|b elimee. Indicnted in ibe 
two foregoing expenmeuie. the reeolte obtained w«re;>— 

Mniii. 

Assay of etulT before entering Cbe boddle • • - 4 0% 

Heads afforded i9'4 

Middles a*0 

Taib 077 


RxpcTioient on slimr urt eontaining per cent of Wad. 

In 19 hours I huis were washed, and gart 14 ewta. of emp, 98 owta. middlea, |9 rwts. 
t ids. and 94 ewta. of waste, 'fhe 14 ewts of crop srers wasMd in 8 hoiira, snd affluded 
'I * rwca. dnssed slime ore, 5l owta of middles, 4 < wts. of tails, and I ewta. of oasisa ays 
The middles lesiiUing iW»m both operations, an. 881 were washed in 8 hours, 
and gaee crop 4 rwts , middlci 19 cwta^ tails 4 ewts., and waate 181 ewts. The tails 
were now washed in 8 hunra, and afforded 4 o wts. of middles ami 1 9 ewts. of east8wa> s. 
16 ewta. of middlea were a^ washed in 8 bnvn, and fbrnished 9 ewta. crop, 6 ca ts, 
middles, and H ewts. of castawsyt. In addition, 10 owtai of crop ore were washed 
during n hours, snd gate l^iowt of slime ora, crop, 1 ewt. middles. 8 owls., eaitaws>s, 
1 cwi 

1‘1k Ti'sults. therefore, show that 4 tons of rough aUmes were washed in 89 hours, 
snd sflorded 54 ewts. slime ore at 4^1 {ler e«*iit , hweing 1 ewt of crop at 81 per cent., 
and 19 ewta or middles yielding 4l per cent. A comparison was slao made with the 
shskiug lahle ; 5 tons of the same slimei were washea in 48 hours, and gave 7 ewta 
of drcMt'd ore. 1 eat. <if heads, and 8 ewta of nmldlea 

The following are the results of an experiment made between the conoase huddle 
and the onlinary round huddle, lime ueeupled, 94 hours i — 


1 

l*ounil» 

W«l#r 

Weislii 
IMrr trot. 


Umi 

1. 

Ulraila. 


Auav 
p^r rvnt. 

Total. 


j Total. 

, Quantity of alimea 
to each boddle - 

4969 

23} 

32C8 

8*7 

2M*5 

84*3.1 

1 

'1191*5 

Obtained from con- 
csee huddle: 
Crops 

Middles . 

505 

1350 

18*4 

2.V7 

497 

1008 

93*6 

7*6 

100*8 

77*7 

36*68 

87 0 

155*6 
87 10 

Total 



1430 


178*5 


526*6 

Obtained from round 
boddle:— 
Crops 

Middles • 

510 

^.*>'1(1 

24*9 

89*9 

883*5 

1521*0 

10*9 

7*86 

89* 

119*5 

84*64 

87*59 

183*4 

419*6 

Total • -I 



1904*$ 


188*8 


553*0 

1 

Loss fay eoneiTe huddle • 
do. reood do. 

• 

- 

• 

106* 

198*9 

- - i 

- • I 

194*0 

II68‘8 


The tails Wing upon the horisontal part of enieaee bnddie contabad 9*1 per cent 
of line and 91 per cent of lead. 

It will be peroeieed that the nraeb larger crop from the eoncare huddle wu more 
aa twice as rich for lead, whilst it was only 9 per eenib richer te afaM. 


tnaa twice ae ncu ror lean, whust it was ouiy m per oena nener mr hom. 

Quartaoae ore without Mende was then tried, and a similar weigbt gart 1870 lba.of 
crop, affordbg 56l per cent, or 8881 IbiL ef lead, and 8480 Ibi. of middlea. of 14 per cent, 
prodoee, eqaJ to 488 Iba. of Ica^ or together 8010 Iha. ef ataC eoptaiaiaf 1879 Ibi. 
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alt Uad Tlw mttnd buddla, «ui th« ctiiitinrj, gap 4*i5 Iha of cru)! tm of 61) p^r 
c«nt , <4|Hol fit tVo of load, ivio IIm of iuuldlU«,(if Ih) mr ciot rt.pr(B«ntiag 
541 Hni oI load, or « loi»l of .faO^ llw ot aiuH, loniamiiig 811 lln ol lead 
/'tg 6HU rriHTtatuit a buddU. arranged br tlu triuimtiii of fine »hiius and obl«li 



hut bun f milt >i«lt I igl h lor\ itiults nt k xfi iI iiwmiig i itaUtfe* lueiitb 

III Pru«fiu wlun it tius niiiith In ii intto 1 1 id It I'l i iitirt h i nstrucfid ol nittaJ, 
uiid M(i > part m i irit I)} fitti I lu ordir t<» su un an i iiii and d« luati action TLi 
atiilT la iiitiivhuul n t( tin lo)|ir c tioniwluun it {usMciiit tli« innmnel n, turned 
bv lii< bind ( I III line atiiA paaviiig through tin prtoratid r}liudir x> IiUh u})Oii 
I ho ahiHit I and (1 laa u|iin the < uicaec tilk t Hits tubie rc^ohcb in thedirccnon 
of the urr >w anlnii|u na it'll iiiotuin b« iiu iiib of tin atrip o di icing tht tangent 
aihee 1 and M II w nhoaii at II 1 onceiitni with tin t die a wrought iron pt|N i la 
Hxid vhiib la pnreid witli 11110111011*1 ainall Indea 1 hi ipiantity of water to thiit 
I i|H li adjuariHl the ngiiljiiiig cenkajj j IhiuMth the table la a circular 
itee*|gacU < r botioiii k, having th^ric eonipartnunta lor rrcemng the waahed itufl 
1 nmi tj to <i the ji ta of wate 1 arc c oin|>aiatict 1 ) light , ihiiii d to c the fbree of water 
iH inert ant d and atdl lurtlnr Aiignniited in that |M>rtion of the eirole extending from 
4 to a whdat Irotu t to j it ^iifticnnth |K>wcrful to clean the huddle In each of the 
acetioiu a portion of vravu along a th 1 little light ore laa iihed into tin rcceptacUa 
I iideroeath, tioiii wluiue it nia> tloa into atnpa prhuddUa tor turther bepamtion 
f r la olhe*r«ite inauipulitfd upon i aecemd huddle In water i» aup|lnd te> the 
inachinc undc*r pnimuii hy tin |I|h l. Tbia apparatua will a ich fiom go to 100 
< uhic fett of IrvH ftlmub lu t* 11 In ura, or from bU to 80 cable leet of tough slimia in 
the aame iHruHl Iaj I atuff affording 4 % with a light aimte haa been ttiriched to 
4 ( 8 \i in a aceoni revulutinn and in a third and fourth rotation 40 *\, slime has been 
iiiriched an aa to ritld 60 of ore Tbc. huddle tabic inakea t«o revolutiona per 
n mute X Its dteB|||||^ varica from 8 to 10 fitt and th» |H)«er re<|uired la about one- 
ii uih of • hofitfRrer Ihie boy can atree tour buddh < 

/MftaprrV rpfe/my 5iidMi,*-Thia apparatus is emp’oeed at Sohemniti, and ta 
appboable to the treetmcvl of ffne almna containing but a small froportion of 
nuiallic subatancea Ihe neeompan^iug aktieh (>/ 88 > 1 ) mil serve to explain 
i » ronstmotion and aotioB. The machine ma} In said to couaiat of lour principal 
|wrtB — 

let Fka vertical axle e, which canrlee the buddh 
8nd The sorfhec of the biiddic, h. 
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3rd. Th« coucentric Uundi*ni c c , for tup|>lyiiijK the diluted tllmei, m well m 
i l<*eD wutrr to wanh the niiiier^l 

4th The eoocenino buuileni d </* hvoeuth the boddlv tor receiving tlie coii- 
< entrated minemli and watte 

The vertical axle o, u Acttd with a caat mm eentre-pleee, which receivea 16 
wtKHleu arnia. thete mippori ihi number of xegmtuU. and fonii a circle 


JO feet jQ diameter. J^ach xeguient 


b^.^ I 



the aurface of the huddle The 
(ourae ot ita rotation, coiiiet under 
/« >*npplied tVniii a tittem al: 
with sufficient toree to drine the 


dividiM into two parts, hj radial stnps 
wooil. fto tliit the whole aurface of the 
luddU It diiided luto tliirt}*two 
inttM, v.uh iM'ing !») feel long, aud 
luiiuf a fall of ah\it 6 iiichet to- 
wurdt iht litre 

Motion is given hy a tangent whei 1 
aud screw geared at the upper <nd 
<it the axle, one reiolntton in ten 
iniiiutea being the ret)uir<d tpeed. 
Ah>re the huddle are two coucen- 
tne Uiindera, the one ut the 
periphery, being tor clean water, the 
t»iher r, niMrer the centre, toi the 
contents of the ailing apimratiiM. 
'I'he stuff is introduced hy meant of 
teeiliug hoards on the outer circuni- 
fei eiu e ot the huddle. 

JU tween eat h feeding btiud a tine 
thiet of watr flows to tho hufitiie 
tl^nn tlielaiindti r 

Afnr the last fiH'ding Imsrd, the 
luiuider forms a eune towards the 
centre ol the huddle, and huppins 
along Its length u ver) tine Ntniin of 
waiir, which wuslun tlie dniMisird 
atnfl troHi lop to Imtioin, cair) ing 
away all the lightei (larticles, ami 
leaiing onl) the heuviet mtuiraU on 
huddle, afur passing tint |)oiiit in the 
a stnmg jet <»f water flowing from u 
out 12 fe 1 above This water flows 
cuucentrated mineral into the launders 


d r/, which IS divided into diftirent eoiiipartinents, for rweiviug the middles 
and waste from the huddle during its revolution. These art thrown away, 
unless It Iw found that tlic middles are worth repassmg ovet the huddle. The 
stntT lor this hmldle must l»e liioisMiglil} sued. The flucr the slimes, 
the nion* {Mifect is the liwult. The sliiios troin the sixiiig apparatus should 
hr thin, from 2^ to }Hiiinds of sand to a cnhic foot of water InMiig sufficient 
The ipiaotity ot slirne aud water supplied to tin huddle vanes from 6 to 6;| of a 
cubu’ f<M)t |H‘r iiiiiiute 

The water rci|uired for cleansing is fVom eight to nine-tentlis of a cubic foot ;M‘r 


minute. 


'I he water for driving off the clean product ia from one and a half to one aud six- 
tenths ot a cubic foot piT nimuUv 

Altogether, the quantity of water required |>er minute is about cubic feet. 

The huddle, it proptrly t'oristructerl, extracts alxmt Hi) |K‘r oeut of the ore con- 
tained in the slimes, and will treat about 1 cwL per hour. Ooe-tweiitieth of a horse 
|Kiw«r is sufficient for rotating the huddle 

Sitme irynkiny ap/Kiralas — >Tlie illustration, 6^.54, shows the apparatus em- 
ployed in some of the lead mines of I'ardigaiixhire The slimes are lodged in the 
several settling pools marked a, and flow through the chauoels n. At c the slimes 
psM into the launder i> to the box k, where they are cxiinminutcd, and from thence 
progress into the trommel r. Fnmi the circular cistern o, V-shaped liutndeii 
diverge to the trunks a, which are divided by iiartitions i. Up«m the axis s in 
each ^ddle head, paddles rotate, and flush the siiines over a head board, where a 
fwotial separation la effected. The wheel l ia drivxo by water from the poola a, 
aud any exeess la earned off by the launder x. At oo two haod-baddleiapa shown ; 
these are intended for the conoentratioo of the heads and middles wudw^ ia the 
tmnka a. The axis at p is fiuaisbed with spikes for the purpose of bfoaUag up the 
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•limft. AAtr tikf irtter htt punrd oTer the Wheel l, it flowe into the Itnnder n, 
and from thenee Into q . . * 

At the Mtnm lead minea, where the ore prodneed li itrj maaiive and capnhle of 
a ht|ih degree of enrichment, the sliBica neerage • per eent, and are caneentrated, 



bf meant of this apparaloa, together with a roond boddle and doll j tub, to 75 per oenti 
of metal With sue tmiiks, one roond bnddle, one man, and fonr boys, about nine 
tone of clean ore It obtained monthly. 

Attempts hare been made by Bninton nnd others to separate metalliferonaoiti 
of ditfereot speeiflc graeitics by allowing them to descend at regnlated intermls in 
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ftill water By reveninp the operation and caiiiing the oorrent to aacend uniformh , 
the partiUei may be much more ^Mivenunliy and acciirateW claaaiAed. Thia haa 
been done m a machine deaigmd by the late Mr. Herbert Mackworth Supuoao a 
funnel-tbaped tnbe. larger at uie top i with a current of oouaiderable eelocitv flowing 
upwarda through it, grama of equal aixe of galena, pyntea, and qnarti, when thrown 
in, will be auMpended at different heighta depending on the Telocity of the enmnt at 
each heighu Thua cubical grama of galena, iron, pyntea, and qoartx, of ^ inch 
diameter, will be juat auapended by Tcrtual currenta nioTing at velocitiea of li 
inchea, 7 inches and 5 Inchea linear per Mcond , flat or oblong particka rtqtiire 
rather lesa Telocitica to support them inaamuch aa they descend more slowly in atilt 
water than the cubical or spherical panicles. 

A simple fbnn of apply loa this principle m presented by the rerttcal trunks shown 
in JiffM 68 5/ and 68 9m Metaniferous ore, afler beinjr classified by sifting, or bn ore as it 
comes from the stamps, may be allowed to flow mbUHl witli water down the shoot a. 
1 he supply of water should be taken from a head ao as to be pcrftetlT unifbrm in 
quantity The water mixed with the ore flows m the direction of tlie arrows down 
and then up the divisions b\ n', n*, and each of which incnaslng in area, the 
velocity of the ascending current diminishes in the same proportion The particles 
of greatest specific gravity will be deposited in the bottom of b*. In the bottom of 
b' will be found small panicles of great specific grsvity and large particles of small 
specific gravit}. The same relation will exist in uP, b* and b\ only the panicles of 
each will be smaller in succession Ihe plugs in the holes c c c being opened as is 
found necessary, allow the acciimiilntioDi m the bottom of each trunk to discharge 
themselves into separate troughs The rocking frame and rakea d b constaiitl) stir 
up the sedinicnt to aa to bring it under the action of the water. To produce the 




The ore in the first trunks is fit for smelbng, the ore passing off from th« bottom 
of the other ininks is in i Terj fsTOorable condition for framing, or it maj be sifted 
to remove the Isrger piutides of less specific grarity. 

Tke rack er hmid-frami, — This Is composM of a frime 0, /Ig 685ii, whiek earries 
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A tlODlng boArd or Ublv lUfcrptiMe of turning to t&c right or left upou two pivott a a. 
The neid of the lAbli* at the luclint d plaoe T. A smAll boord p, which le Attaclied by • 
hood of leAtbcr t„ forme e comiDuoicAtion with the lower teble c, whoee elope le geoo- 
rntiv ft lucbec in ite whole length of B feet, but thii niAy very with the niture of the 
ou, iM'ing eoiiiiwhftt leiw when it is finely pulvtriaed 

In o|H rating with the tabic, the elimy ore, to the extent of 1ft or 20 pounda, u 
placed on the head T, and wanlH d over l and i* on to the table , then the operatiir 
with a toothlm rake diitributeait cipially o^tr the head, the nrhtat particles remain 
on the liighcat part of the talde hy iirtiieof thtir greater apecilic gravity, whilst the 
iiiuddv water falls through a croH«i slit at the bottom into a receptacle b When the 
( harge of ore has 1»ecn thoroughly nuked, the lublc is turned on Us axes A A until it 
IS hiought into a vertical |K>sition, and the deposit on its surface is washed into boxes 
u II The box ii' will contiiiii an impure hclilieh which must W again framed, 
whilst II ' will probably lontaiii a shine sulfacicMitly tunched to be finished by the 
dolly tub. 

The slope of the rack table for Masliiiig tin stuil is 7j niches lu U feet The width 
IS about t ft et 

Tlio avoiage quantit} of lead slime which cm be wuslied {nr day of ten hours, is 
about no cwt , and the water luiessary, so} MM galiotis 
The general Bp(>eatuuoe of thi rack is shown in the illuftration, 685o. A, tabL ( 



II. inclined plane upon wbiili the stufi is lodged Clean water flows over the ledge c 
\\ hen the table a js turned iii o vertical position, the racking giil washes it by de- 
pressing the Ifier I attached to the V shaped laiiudir i>, thereby discharging the 
water whuh it iiiu^ ituitam The heads, middles, and tails gre lodged in the com- 
partments t c., and 11, usiH'ctively 

TAr mcoftint /f Hftr, fu/ GH'ip consists of an inclined table, about 8 feet long, and ft 
lt^*t wide, with sides ft iiuhis hi,,h At each end are fixed axles of iron, a li, which 
uie eentud lu two SLiticul picci^s of timber r ii, and admit of the frame being turned 
per))endiculaily At the head ot the liume is a Udge ».,on which numerous tozenge- 
shai>id plena ut wochI uie fixed in order to distribute the lu^uid stuff on the entiie 
width ot the traiiu 

From the friime In »d, (he stnfl fUla on a sloping board if, which admits of being 
turnc'd, as it is hung bi Icatluin liinMS, when the frame assumes an upright position. 
At one of the bottom ooimrs of the frame is a Ik>x g, into which the chief part of the 
water frrcmi the table%ows In operating with this machine, the liquid matter is 
admitted to tliA’imc hiud >, through the hole h, and flowing in a tliiu sheet on the 
table I, depo^UMnie \tiii stuff according to its varying specific ^aiity, the best quality 
being heads from 1 to 2, the middles from 2 to 3. whilst the tails are lodge^d at the end 
of the apparatus. To the water wheel is attached a horizontal axle fitted at given 
Mistaiuts with cams, which disengage at the proper time parts of the machinery 
connected with the Awme The fiisi cam acts on the rod k, and stops the flow of tin 
Hiuff , the second cam disengages a catch beneath the displacing box a, containing 
the frame, water, and immediotily the frmne assumes a \ertical position striking in its 
movement i catch at m, which upsets the V-bhaped launder n, containing pure water, 
lu such d way us to wash the oie on the table into two eofers o and p. The frame 



I>BESS1NG OF ORES. 


107 


tlivD retiirni to iti horizontal {lotition, and the orvy innttcr iz again admitted throu{i|h 
li. One boy can manage twenty <lf tbeae framez. Wbeii employed in cleaning tin 
atuff, the two cofcn u and i* are diicbarged into separate pita about 16 feet lung, 6 



feet wide* and 12 or 15 inrlus deep. The refuse from the end of the fiames aa well 
us the slimy water from the displacing bf>x, is either thrown away or subjected to 
further treatment ; the cover o is usually taken to the liund frames, after which it is 
tossed and packed, whilst the stutl fnmi co>er r is again submitted to muchiiie frumitig. 

lianvtK'ifx Mluue frame. — The ores and accompanying waste are brought into a 
state of 8us(M>n8ion by wawr, and are then by i^ustmciit made to pass over a slight full, 
>o as to produce the greatest regularity in its flow over tables fixed upon a given 
incline, each table hai iiig a sufficient drop from the table above. When the tables 
lire sufficiently charged, clean water is introduced to pass over the charged table. 
'1 he surfaces of the tables arc subject to the action of brushes or brooms during a part 
or the \ihole time of both operations until the ores are sufficiently cleaned. In some 
ciises the use of such brushes or brooms are dispensed with. The ores (on the tables) 
thus cleaned are washed off* into cisterns by the actiou of water passing over the 
Mirhu'es of the tables after they an* raised to nearly perpendicular positions. 

Fig. 6859 represents, 1, framework to carry the gear on each side of the niacliine ; 
2, the stretcher or pivot piece on which all the tables are resting ; 3, centre bearings 
of the tables, to which is attached an adjusting screw for raising or falling them ; 4, 
n slide valve, which admits or shuts olf, us re({uired, the ores, which are previously 
brought into a thin consistency with water ; 5, launder through which tlie ores 
pass to the heads, whicti are divided into sections and numWed; 6, the ores, 
^c., dropping from the heads into a launder, 7, the working edge of which is made 
level by an adjusting screw at each end for the ores to pass over ; 8 is a stretcher, 
piissing over the heads in both ends, bolted to 1, flrom which 6 and 7 are supported 
by three drop adjusting screws ; 9 arc four tables over which the ores have to pass, 
first receiving the deposit of the cleanest or best ores, and the rest in gradation s 10, 
the drop or fall A‘om out table to another; 11, the balance cistern, into which the 
refuse ftom the tables passes, stid when full, by lifting tbo catch 12 it forms a balance 
for turning up the tables to be washed down, each table being connected with rods 
Olid lever A ; this done, such catch is lifted up, and 13 forms a return ing balance for 
the tables; at 14 a stream of water is introduced, passing into 15 as a receiver ; on 
the turning up of the tables, values 16 are lifted by lever and rod 17, and admit the 
water into perforated launders 18 to wash off the ores into receivers 19, through 
which it passes oat into deposit hutches. The slide valve 4 having admitt^ a suffi- 
cient quantity of ore, which has been deposited on the tables, Is now closed, and the 
valve 20 is opened by tlie conductor’s hand at rod handle 21, through which a snpply 
of water p a s s es into launder 22, and flows over the tables for the porpose of cleaning 
tlic ores The framework for the brushes 28 is carried on four wheels 24, each table 
being supplied with s brush 25, which brushes iu respective table upwards, and on 
arriving at the beads of the tables, the bmriies being all connected, are lifted by lever 
and 26 slips into the catch 27, and the brashes pass back over the tallies without toueh« 
ing until the lever of the catch is struck oat by 28, and the brashes drop iqpiin on the 
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Ublef. Eii«b IitimAi U •eivwf and oanied on arbori rnoning aeroti tha 

frame. This frwM with iii appendagee it propelled a rod 29, atuebed to a beam 
80. that can be worked by any euffioient power that may be applied. 





The OKI pu4|? from the third and fourth tables through the two lower leceiTers 
19 into a eiftom, art lilted bv a plun^ b, attached to beam 80, by a rod 81, and 
pawa back by launder 82 to be remitted into slide Talve 4, and repam the tables, 
lo 11 balance cistern is a Talre 38, which on the dropping of the table lets ont the 
contents. 34 is a catch for bolding the frame and brushes during the time of turning 
down and washing the tablea The machine is to be worked with or without brushes 
as the character of the ores may require. It may be extended or diminished to any 
niiml^r of. tables, and tbeir site may rary as may be found necessary on the tame 
principle, c is a wheel acting as a parallel motion ibr the plunger pcde and running 
on a bsr of iron. 
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Thli machine waa in cou- 
atant uae at the Great Poigooth 
Mine for aome time, and it ia 
aaid effected a aaring of 30 per 
cent, in the dreaaing of aliuie 
ore. It ia not ao well adapted 
for rough aa for the treatment 
of line aiimea ; the apparatua 
may be managed be a boy at 
8 * 1 . per day, and toe coat of 
6S5» I the machine complete ia about 

00 /. 

PtrcuutOH tiM orS/oecAarr*/. 
*-The diagrama, fys. 

085a, and 8851, exhibit a plan, 
vertical leotion, and elevation of 
one of theae tablea, oaed in the 
Uara. The orAor or great shaft, 
Is shoiTD in section perpendi- 
cularly to tts axis, at a. The 
coma or wipers are shown round 
ita circumference, one of tUeu 
having just acted on a. 

These cams, by the revolu- 
tion of the arbor, cause the 
alternating movements of a 
borisontal bar of wood, o, «, 
a Inch strikes at the point u 
against a table */, 5, r, ii. This 
table is suspended by two chains i; at ita supenor end, and by two rods at its lower end. 
After having been puahed by the piece, o, a, it re hounds to strike against a block or 
bracket a. A lever p, 9 , serves to a^ust the inclination of the movable table, the 
pivots g being points of sns pension. 

The stuff to be washed, is placed in the chest a, into which a current of 
water runs. The ore, floated onwards by the water, is carried through a sieve on 
a small sloping table sr, under which ia concealed the higher end of the movable 
table */, 5, r, u ; and it thence falla on this tabic, diffusing itself uniformly over ita 
surface. The particles deposited on this table form an oblong talus (slope) upon it ; 
the successive percussions that it receives, determine the weightier matters, axid con- 
sequently those ricliest in metal, 
to accumulate towards its upper 
end at ii. Now the workman by 
means of the lever p, raises the 
lower end d a little in order to 
preserve the same degree of in- 
clinatiou to the surfbee on which 
the deposit is strewed. Accord- 
ing as the substances are swept 
along by the water, he is careful 
to remove them from the middle 
of the table towards the top. by 
means of a wooden rake. With 
this intent, he walks on the table 
d 5 c «, where the sandy sediment 
has sufficient consistence to bear 
him. When the table is abun- 
dantly charged with the washed 
ore, the deposit is divided into 
three bands or segments d 5, Ac, 
e II. Each of theae bande is removed separately and thrown into the particnlar heap 
assigned to it Every one of the heaps thus formed becomes afterwards the object of 
a separate manipolstiOD on a percussion table, but always according to the same yro- 
eedure. It is sufficient in general to pass twice over tliis table the matters oontamed 
in the heap, proeeeding from the superior band e u, in order to obtain a pure senlich 1 
but the heap proeeeding from the intermediate belt Ac, Ki^res always a greater 
number of manipnlmtiona, mad the lower band ih still more. These sueocssive msni- 
pulstions are ao associated that eventoally each heap ftumishes pore scMieA, which Is 






110 


DRESSING OF ORES. 


obtaiofd (fcm tiMt luporior band r n. Ai to the Hgbtett ptrticlei which the water 
■weepe twtj beyond the lower end of the pereniiion toble, they fkll into laundera, 
whenee they are removed to undergo a new manipulation. 

Fig. f>K5« it a profile of a plan which hai been adeantageoosly fubitituted, in the 
llarit fbr that part of the preceding apparatni which cauief the Jolt of the piece o u 
iigainit tile table dhtu. hy ineana of this plan, 
it la eaey to vary, according to the circumiitancca 
of n manipulotion always delicate, the force of 
l>crf tiRiion which a bar jr y, ought to communicate 
by its extremity t/. With this view a slender 
piece of wood « i» made to nlidi* in an iiiiright 
piece, c T, ndjuhted upon nn axis at v. To the 
piece « a rod of iron is connected, hy means of a 
iiinge X { this rod is capable of entering more or 
less into a case or sheath in the middle of the piece 
V Jt, and of being stopped at the proper point, by 
a tbnnib-serew which presses against this piece. If it lu' wished to increiise the force 
of iwrcuRSion, we must lower the point z\ if to diminish it, we must raise it. In the 
first case, the extremity of the piece m, adMinocs so much further under the cam of 
the driving shaft t; in the second, itgiK*s so much less forwards; thus the adjustiiient 
is produced. 

The water for wnshiog the ores is sometimes spread in slender streamlets, some* 
times in a full body, so ns to let two eiihie feet escape per minute. The number of 
Rhoeks eoiiiiniiniCnted j>er minute, varies from 15 to ,16 ; and the table may he pushed 
out of its settled |tosition at one time tliric quarters of an inch, nt another m^arly 8 
inches The coarse ore-sand reipiires in general less water, and less slope of table, 
than the fine and pnsty sand. 

Tlic following remarks on the Freiberg s/mAmi; tahlc^ are hy Mr. IJpfleld Creen, 
foniierl) of the Wildberg Mines, I’russia. The bed of the table is about fourteen fei*t 
long, h} SIX feet wide, and is formed of double one-inch hoards, fastened to a stout 
frame. 1'lie table is bung by four chains, the two hindermost are generally two feet 
long with nn inclination of 2 to 4 tnclies. The two front ones, wliich are attached 
to H roller for the piirimse of altering the inclination of the table, arc five feet six 
inches long, and hang perpendicularly when the table is at rest. 

The table receives its action from cams iiisfrted in the axle of a w 'iter-w heel, 
acting on the knee of a b«>ut lever. The slimes after being thoroughly stirred 
up hy a ti'riueiitor, are conveyed by a launder in a box, where they arc still further 
diluted with dean water, and puMiing through a sieve with aiiertiires corresponding 
to the sise of the grain to be dressed, flow upon an inclined phine furnished with diffu* 
Mng buttons, and IVoni thence drip on to the shaking tabic. 

In treating rough slimes the two hindermost chains arc sot ot on inclination of 5 
to C inehes, mid the table with an inclination of 4 to G inches on its length, makes 
.16 to 39 piilhiitions of 5 to 6 inches in length per minute. About 2} cubic feet of di< 
luted slimes, taelvc of clean to one of slime-water, enter the tabic per minute. 

Hefori' commencing the jiercnssnc action, the table is covered with a thin layer of 
lough slimes, and during the first few minutes only clean water is omitted. In 
( oiisoqneiice of the quantity of water and violent motion employed, the smaller and 
lighter particles of ore are likely to drift down the table, and a rake is therefore 
( inploy ed at intervals to rcconvey such particles towards the head of the table. Care 
iiiiiht, however, be taken not to allow the water to wear fbrrows in the deposit. 
From two to throe liuiirs are usually required for roughest sand-slimes to deposit 
four to five inches on the head of the table. The crops are twice more passed over 
the shaking table and afterwards dollied. The rapidity of novement and quantity of 
clean water increase with each operation. The tails of the first operation, which are 
considerably poorer than the original stqfi^ may he either thrown away, or once more 
IKiBsed over the table, when the crop srUl be fit for treatment Along with a fresh quan- 
tity of original slime, ffhe t reatme ntof file slimes is similar to that Of the rough, with the 
exception that A inclination of the table, quantity of aUno*WBler, proportion of clean 
water, and length of stroke, oonstantly de<*rease with the degree of fineness of the 
slime ; and the number of atrokes increase in proporUon. In fact, for the finevt 
shines, the table has no greater inclination than one inch on its whole length, while 
tho stroke, of which 3.5 to 45 per minute are made, is no longer than ) to { an inch. The 
tunc required for dressing raiies with the nature of the slime operated on, five tons 
of rough slimes occupies sixty-eight hours, whilst the same quantity of very fino 
slimes reqivres no less than fimr times that period. 

Mdtmgn'x ptr^umon tatdex — The primary objeet intended to be accomplished by 
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these tables, is the extraction of gold, silver, and other valuable ores fVom the vein 
stair with ivhich they may be associated 

Ftgg 6S5p, 685 w, represent front elevation and plan of two tables in one ftiinie, 
divided by the strip s , these tables are sospended by rods fVoin the points o, in such 
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tbo etm poibiag Jt in one direction, and a iprlng bringing it back with aibarp blow, 
whan th« cam carcbc* it, and a quick luocemion of blowa ia the result. It will thus 
be seen that the stuff under treatment ia subjected to two forces, the one being the 
stream of water tending to wash the particles to the bottom of the table, the other 
being the blow, to bring the ores over to the ridges « a'. The effect of these com- 
bined forces is to induce the heavier or metallic particles to describe in their descent 
curvilinear lines, the light minemls suspended in the water reaching the bottom 
of the tabic mnob quicker, and being less acted upon by the side blows, describe the 
shorter line r, r^, and leave the table almost in a straight line from the feeding plane 
/nml/. 

I'bc tables are mounted on a rectangular frame, to which also is fixed the trans- 
\ erse beam which receives the blow The surfaces of the tables are planed as smooth 
OH poMible, and are framed in and divided by the strips s. Each table is about 8 feet 
long by 4 feet wide. 

At the lower end of the table are openings /,/^ /*,/*, under which are three 
parallel Uundera, which receive the stuff from the rcM|»ective divisions of the table, 
the launder t receiving the clean mineral, the launder v a mixture of ore and waste, 
and the launder n the waste. To obtain succeHaful results from these tubleN care 
must be taken that the surfaces are iierfcctly smooth, and that in the direction of the 
blows they are set so as to be quite honsOntal. 

The stamp work must not flow on a feeding board above a foot in w idth. 

The length of atnike and number of blows vary according to the stiift to he treated ; 
the coarser the material, the longer, stronger, and fewer blows are necessary. The 
quantity of water containing mineral In suspension, to be fed on a single table, 
is of coarse stuff 1'2 gallon, containing 4 pounds of sand and of slimes, three- 
miartcrs of a gallon of water, containing about 13 ounces of sand in suspension. 
The Wtiou of these tables is priTisely that of the vanning shovel ; and any ore 
whichiita bo cleaned upon the shovel, can be dressed in a superior manner upon the 
table. 

^Srd tables, making 12(1 blows per minute, require to be driven by a 15 feet water- 
wheel, and 50 gallons of water per minute. Each additional table will take 
30 gallons of water per minute to drive it. The cost of separation, by means of 
water power, is fh)in five to six farthings per ton of sand. 

To the kindness of Mr Charles Uernfry, I am indebted for the elevation of a 
stossheerd erecUNl at the Breinigerberg Mines. It has the merit of being extremely 
light, nH|uiring little povier, and of performing its work in a highli satislactory 
manner. / Vy. 38.^^, A, table suuiig by chains, n its width being 3 feet and length 
12 feet. A greater or less luchoation is given to the table by raising or lowering the 



BCtews c d, upper end of the table is a buffer, s, which acts agaiiurt a counter 

buffer, B. AkStldingbar, F, is also fitted between the table and perooiaion lever o. 
This lever is struck by cams fitted on the aaia H, driven by the runner j. The 
slimes to be treated flow into the cistern x, 30 inches long, 13 inches wide, and 18 
inches deep. Into this box a tormentor is introdneed for the purpose of breaking 
up the alimes. The bottom is fitted with a lannder l, 7 inches long, and 5 inches 
wide. From this launder proceeds a head-board x, expanded to Ukt width of the 
table, and fitted with buttons, for the poipose of dispening the slimes equally on the 
head of the table. 



nUKSSlNG OF ORES. 



At the Breinij^hcr;; mine the tliinet arc very fine and toiigli, and net ric!i in 
niital. With the round huddle uidmiMrtant resulta ohUtioed} bet the itOH*- 
he 4 rd coneentratod them eativAictorily. About five tuns of rough alime are eunclKd 
per day on lour tables, whilst l^om ntno to tun tons of the enriched alime are 
deaimtchiHl in a similar pin tod. , 

The four tables are managed bv two boys, at a cost of 1 «. g</ per day. The cost 
of these machines complete, including water-whet. 1 , 9 feet diumettr, and 8 feet in 
breast, was 114/. 

Siffptny Utbles . — fiys. 683 y, C85r, represent a cuuiplete system of sW/iuto 
tM\ donnanteSf such us an* mounted at Idria. i'ly. 6S5y is the pin, and fig 68 5s 
u vertical leetion. Tbf* ores, reduci d to i sand by stamps, pais iutti a senes of coiiduiti, 
rtu, 46, t r, which f»»nn three successive forms below the level of the floor of the workn. 
The sand taken out oi thcM* conduits is thiown into the ci lls 9 1 whimce they aro 

tranafeiTed into the tiongli e, uni 
water is run upou them by turning 
two stop-cocks tor each trou,;U. 'I he 
sand thus dilTiiw d u|>on each tal le. 
runs off s xiU the water b\ u gt oove 
/*, eomci up4kn a slesc A, and ipieads 
Itself upon the board 9, and thence 
falls into the slniitliig esl or ileeiv- 
iug table lA. The under surface h 
of chest, is pierced with holes, 
which may be stopped at pleasure 
w ith wooden plugs. 'I'heie is n con- 
^ dnit m, at the lou er end of ( acli table 
Ui cateh the light pat tide i earned ufl 
b> the water out of the chi at rA, 
mMd thiougli the hnK>8 properly opened, 

** V hile the denser pans are deposited 

upon the bottom of the che'>t A 
k wB geneinl eondmt », parses a(rosB nt 

L ”'J(S9BflpBSi| ■k 9 i|n|||||||m|m the foot of all the cbists lA, and 
fi « — - " - -* MBIHB c rereixes the refuse ol the wabbing 
liSl j B B I IM opciatioos 

I certain mines of the liars, 

I ^ tables called a Aa/ai, or Bweepmg 

tnhles^ arc employed The whole 
of the process consists in letting 
flow, over the sloping table, in successive currents, water charged with the 01 e, 
which It deposited at a less or greater distance, as also pure water for the pui- 
pose of washing the deposited ore, atterwaidia carried olT by means of this 
operation. 

At the upper end of these iwee/H»g-tab/e»,the matters for washing are agitated in a 
cheat, by a small wheel with vanes, or flap-boards The conduit of the muddy waters 
opens above a little table or shelf ; the conduit of pure water, wliidi adjoins the 
preceding, opens below it. At the lower part of each of these tables, tkere is a 
transverse slit, covered by a small door with hinges, opening outwardly, by falling 
back towanls the foot or the table. The water spreading owr the table, may at 
pleasure he let into this slit, raisiog a bit of leaiiur which is nailed to the table, so 
as to cover the small door whm it is in the shut position ; but when this is opened 
the piece of leather then hangs down into it. Otherwise the w ater may be allowed 
to pass freely above the leather when the door is shut. The same thing may be done 
with a similar opening placed above the conduit By means of these two slits, two 
distinct qualities of sebUcA may bo obtained, which are deposited into two distinct 
conduits or canals. The refuse of the operation is turned into another conduit, 
and afterwards mto ulterior rescrroirs, whence it is lifttd out to undergo a new 
washing. 

BrunAmV iiiacAi»e.-»Tbis apparatus appears to be well adapted for the utilisation 
of the ore contained in very fine slimes. At Devon Great Consols it is extensively 
employed, not only to ooneentrate the viscid kind of slime someiimei fonnd ot the 
penpher^ of the round bnddle, but also to dress the tops aad middles resuldng from 
the dollying operation. 

The Rnall water-wheel, shown in Jig. 666 , U sufBeient to drive six of those 
machinea, vis. three on each side. Before Urn stuff is permitted to enter upon rite 
rotating cloth, it is diuntegrated by tormentors, and passed tbrou|^ a using 

VuL. II. I 



roller n. It ii elao ■tiffenrd Id iti width bv oomeroua latbf of wood. Cleon water 
ii iiitrodaced behind the entrance of the slime, in order to gire it tlie pmper con- 


sistency, Different degrees of ii 



Ion are given to the cloth by raising or 
lowering the roller m, by means of the screw 
K The heavier particles lodged on the 
cloth are caught in the wagon b, whilst the 
lighter matter is floated over the roller u. 

The following particulars are funiished 
oy Captain Isaac Richards, of Devon 
Great Consols 

One revolution of the cloth is made in 
4} minutes ; its length is about 29 ( feet, so 
tliBt It travels, say 6^ feet per minute. Its 
width is four feet two inches 

Before the slime comes upon the cloth, it 
is reduced to a size of ^ of an inch, and 
fields an average of 1^ per cent i»f copper ; 
but by means of this machine the stuff is 
concentrated so as to afford 5 per cent. In 
ten hours it will clean 1^ tons, at a cost of 
Is. per ton. The apeed of the cloth must, 
however, be varied with the condition of 
the stuff i if it be very poor, the cloth must 
travel very much slower, since the enrich- 
ment requires a longer period of time. 

At the end of the machine, and worked 
by the same water-wheel, is a dolly tub; 
but the dimensions and mode of work- 
ing this apparatus are fhlly stated at page 
115, 

Bradford » alime apparatus, Jig» 686 <i, has 
been ettensively employed at the Bristol 
Mines, fituated in Connectient, United 
States. 

Its action is intended to imitate that of 
the vanning shovel The slime enters by 
the launder ▲, about five inches wide, and 
descends on the inclined head a!, which 
expands flrom the width of the launder to 
within a few inches of the width of the 
table flrame B. The slime box a" is per- 
forated at D with numerous holes, each 
of which is fltted with small regi^ting 


pina 

The table b b is S feet 2 inches wide, and 2 feet 10 inches long, with a bottom fisnned 
of sheet copper. It is suspended by the vertical rods bb, and varying degrees of 
inclination arc given to the table by altering the levers b h. For the purpose of 
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quickening or deereuing the uikm ef the table two oonec are employed apoa 
urbich the driving band ii ihiftcd u nag be oececiary. A bandihm a raaaer, fitted 
on the axif ef the cone i., conmnnieatea motion to a pulley wheePx, upra the 
•haft of which are oranlu attached to connecting rode a, gitiag motion to the 
table. 

When the machine ia in operation, the ore flowa over at r. into the launder 
beneath it, whilst the waste is carritM over the opposite end into the trough s. 

Professor B. Sillinian, Jun.. and Mr. J. D. Whitney give the following particulars 
of results realised by this machine ;^Tbe total weight of ore stuff dfisssed during 
122 days was 11,948,900 pounds of rock stamped and emshed, or 5,080 tons miners' 
we^bt 

The total ore sold from this quantity of stuff was 128 gross tons (9,351 lbs.), or 
2AV per cent of the stnff worked over. By the G^tain's vans the average richness 
of the stamp work (forming mnoh the larger part or wImU goes to the separaton) for 
22 wdeks was 2*32 per cent The humid sisay of the averse work from tke stamps 
for five weeks in July and August, gave for the richnem of the stuff dremed on the 
separators 3*26 per eent of ore, or *984 per cent of metallie copper. There is, 
therefore, an apparent loas in the tailings of ^ per cent, of 80 per cent, ore, or ^ 
of copper. The amount Of ore, however, lost in the tailings dom not exceed ^ to ^ 
per cent, or about ^ per cent of jcopper. The actual produeta of working, tberefbre, 
as may be seen, exomd for the machines the average riobness of the Captain's vans. 

Of the total ore produced in this time, 181,126 pounds came from the separators, 
and 160,838 pounds from the Jiggers. The whole amount of stuff therefore required 
to produce this amount of ore, eatimatcd from the above ratio (1*15 t 1) ia 768,680 



pounds. This may be taken approximately as the actual quantity which passed over 
the sefiaraton, and if calculated on the Captain’s vans, it should have produced 
177,961 pounds of ore, while in fact it did produce 181,126 pounds, or a vanadon in 
excess for the machines of only 3,210 pounds. Each of the separators therefore 
dresses about tons of rock daily, of stuff yielding an average of 2*5 per cent of 30 
per cent. ore. 

Dolbt iiib or packing Atere This apparatus is employed for the purpose of exclud- 
ing fine refuse from slime ore, which ass been rendered 
nearly pure by previous mechanical treatment In using 
it the workmen proceed thus: — The kieve, 6866, is 
filled to a certain height with water, and the dolly a 
introduced. A couple of men then take hold of the handle 
B, and turning it rapidly, cause the water to assume a 
circular motion. The tossing is then commenced by 
shovelling in the slime until the water is rendered some- 
whaf thick. After continaing the stirring ^ a ^ort 
pqriod, the hasps xx arc loosened, and the bar w with the 
d(dly are suddenly withdrawn. The tub is then packed hw 
striking its outside with heavy wooden mallets. When this 
operation is terminated, the water is poured off through plug^holcs ia fhe side of 
the tub. 

The object of the rotary motion created by ihe dolly is to scour off clayey or 
other matter adhering to the ore, whilst the packing hastona the aobtideitoe of 

12 
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iht denwr portioM, In one operation of thit kind four diftinet atrata may b« 
procured, at indioated by (he tinea ah^ciLtfg htk injtg 686c 

The upper portion, via from a to ii will probably have to be act aaide for ftirth4*r 
waahiiig, wlillit (he aehlicb o abould be lit for market The conical nucleua in the 
eeiitrt of (he tub generally conaiata of coarae aand, and la uaually Ibrther enriched on 
a ( opp< r bottom aieve, or elae aubmitted to the action of a tye, or other auitabic 
appiiiHtua 

Mm hint diitig luh — Thia kiivc la packed by machinery ri prevented in the 
a coin pan} ing woodcut, in whiih a la a ainall water wheel working a vettical ahift n 
and driving aiiothei ahafi o At the butt iii o( this la (ivtd anotilud whtcl i> wh ch 
priHMa outwardly the hanimira » i- thesi arc mounted upon iron bars 1 1 - , and 
viohntl} driven upon the aide of the kicvc hv mians oi apnnga a a 

Ihi degree to which oit can he ccmcintnttd l»v dollying must tvidc ntly depend 
upon seviral (onditiona — Iht 'Ihc initiil pciccntigc ot the ore 2nd line n 
dItioD to which itlarcduiil ltd flu iimtnx with which it is associated Ith 
The pr<»poriion of watti employed And lasll) if the rotation and picking have bee i 



Judiciously performed An experimt nt upon some 8andBchlii.h lead ore, much inter- 
mixed w ith fine carbonate of iron, gave the tollowing rcaulca — 

Introduced into doll} tub, 17 cwt assa}cd, 4H% 

Time required to introduce atulT . • . . . 6 minutes 

Dolly rotated - - - 5, 

Dolly Withdrawn- 

Tub packed - -- -- -- -- 5^ 

Running off water -6 „ 

Skimming anA^cleaning out tub - - - - - ^ » 

Total - 42 


Top akimminga - 
Second - - - 

Clean ore, middles 
„ bottom 


Total 


4 cwt, asiAvid 

I 


3 

17 


- 20 % 

- 45 

• 65 
. 67* 


Flue achlich 
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Tt may be remarked, that none of the Tariooi proeeefei of dreming it more latis- 
faotoiy than that of dollying, tince, If carefUUy conducted, little or no lou of tlie 
total quantity of ore can occur. 

Vanning it a method commonly practiced by the drcicen of Gomwall and Devon* 
shire, by which they accertain appronimately the riohneiic and propertiec of the ore 
to be treated. If the Object be to determine the value of a pile of ituff, it is carefully 
divided, then campled, and a portion, lav a couple of ounces, given to the vauner. 
If the stuiF thus given should be rough, it is reduced to the tenure of floe aand, and 
in this state put upon the vanning shovel. The operator now resorts to a cistern oi 
stream of water, and by frequently dipping the shovel into it, and imparting to the 
shovel when withdrawn a kind of im'gnlar circular motion, he auoceras in getting 
rid of a greater or leu portion of the waste : that which remaina on the shovel ts 
then considered equal to drened work and assayed. 8o aecnratelv is this operation 
performed by of the tinners, that parcels containing only flfleen pounds of tin 
ore per ton of stun, are sold by it to the mutual utisfactmo of both buyer and seller. 

The vanning procen is also well adapted for determining the properties of an 
ore. If, by this method, vein stuff should withstand concentration, no machinery is 
likely to dreu it. If also the lou of ore is found great, then the apparatus to be 
employed fbr effecting the enrichment will have to oc earefliUy eonsulercd and con* 
81 meted 

rtg. 080e. The icnning shovel a, is 14 inches long, and 13 inches wide at the 



top, the edge of which ii slightly turned up. The shovel is also formed with a 
hollow or depreuion. The handle is about 4 feet long. The vanning cistern is 
shown at B. 

Hushing, -> It often occurs, that the water employed on the dreuing floors makes 
its escape below the refuse or waste heaps. This may be used for the purpose of 
hushing, which operation is performed in the following manner. The husher diverts 
the escape water into a livulet and introduces a given qnantity of waste. He then 
builds a dam or reservoir, with a door or trap valve at the high end, in order to 
collect the necesury water for hushing, and puts aside all the large stones lying in 
the middle of the hush gutter in order to form them into a walk After this, be starts 
his bosh by lifting the door ot the dam, which slides m a wooden frame adapted for 
that purpose. 

This allows the water to rush oat| and displaces the waste to 8 certain depth, at 
the same time driving it forward. 

If the hush has &red or uncovered a ftiitber quantity of large atones In the 
middle of the gutter, they are again removed to one side, since they would retard the 
force and action of the water, when these impediments are nnnoved, the water is 
repeatedly discharged from the reservoir until the waste is hushed off the ore, which 
is found lying in holes, and around earth and fast stones, in the bed of the rivulet. 
A clay bottom is found to be most fkvourable for hushing, and the velocity and 
power of the stream should be proportioned to the siae and density of the waste to be 
treated 

FobWardino abb Lutimo AppABATira. 

Besides the machineiy required for the enrichment of ores, it is a mattef of great 
importance to introdnee su^ auxiliary arrangemcnti as shall not Only fiuBiutate 
actual dressing, but also be in themselves somewhat inexpensive. In tme ditisioni 
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M in trtrj ocluif, tkn mmuii fhould be iCrietlj adnpted to the end, nnd ought not to 
benr n eoit diepraportioute either to the cirenmettnces or proepeetive ndrantageii of 
nn underuking. 

The ehovel,^. neunllj employed in Britieh minei if of triangular ihape, and 
made of good hammer^ iron pointed irtth iteeL The dimeiwione eary, but one of 
nn average me ia about 11 inohca wide at the top, and 13 iilchea from the point to 



till* iliank, weight 4 pounds, and costs one shilling ; to which must he added, five 
tKMirp for the hut, of handle. The hilt should bo of ash, free from knots and slightly 
curved. 

hvking Ifoteit Jig, €8^, are employed for the purpose of collecting the prill and 
drudge ore from the scuti' with which it may be mechanically intermixed. Ttiehe 
boxes or trays, are handled by children. They are made of deal, 1 inch thick, of the 
following dimensions. Length, IG inches} depth. 7 inches { width at bottom, 7 inches; 
width at top, 10 inchest and cost about U. 3a etCh. A ledge of wood to serve ns a 
hamlle is Koinetimes nailed to the ends of the box. 

Whrrilmmtw, — The sides, ends, and bottom, nic composed of deal 1| inch thick. 
The ends are mortised to the sides, whilst the bottom C8hA 

is gmterall) fastened hy means of nails, and bound 

with alips of hoop iron at the angles. Hoop inm is ^ 

also employtMl to protect the upper edges of the . . ft n 

liarrow. The wheel is often made of wrought iron, . „ 

(H round) and 14 iiiohei diameter. Its axes rotate ' 

ill wrought inm ears Tlu* extreme length of the sides of a vifell<>pro|>ortioned 
harrow is 60 inches, depth at centre 9 inches ; the ends are inclined as sliown in 

the fig h8G/i The cost of a barrow with wrought iron wheel complete, will >ary 

from Cs. Gd. to 7«. 

Hiiwi borrow.— When large quantities of stuff have to be nuneved from pitcc 
to place on the surface, and >ftheie it ^ould be in- 
eouveiiient to use the wheel-barrow, a barrow 

having handles at both ends is employed. It is J3ICIZ3r 

made of deal plank inch thick; the length of _ * 

the sides is JV feel 6 inches; depth in centre, 9 inches ; ^ 

width, 18 inches at top and 10 inches at bottom ; .i 

length, 124 inches at top and 18 inches at Imttom ; eon* complete about 4s. firf. 

Aii/rfWf. — The gauge of surface rouds varies lioiii 2 feet 4 to it feit 0 incites 
within the rails. Instead of luanufuetured rails, coni- 
moil flat wrought-irou, inches wide and i inch u 

thick, ia oftentimes employed. An extremely ser- ^ 

vievahle rail is formed of a strip of timber 2 me es JjfeS 
sipiarts upon which is laid wrouglit-iron, I j iuclies 
ss ule and ^ inch thick, fastened by means of nads 

Tram waggtm and turn taUe.^A good tram waggon ! \ 

and turn tame is shown dly. G86A. The waggon is built f y! U I L 

of wrought-iron, with esst-iron wheels. The latter V " I 

arc usually 12 inches diameter, with flanges 1 inch lY 

di*cp and tires from 2 to 3 inches wide. The turn I w ^ 

table is of cast-iron. It does not rotate, but the 
waggon is easily directed to either line of rail by 
means of the circular ring * the elliptical loops in 
ndvoDoe iervinff to j|uide and place the wheels on " 
the rails, ^ 

Lifting aometimes happens that the snrfkce is nearly level, and 

aflui^a very little natural fail. In sneb case the enrichment of ores becomes more 
exiiensive from the necessity of shifting some of the various products by manual 
labour, and of introducing lifting appliances in order to procure the requisite eleva- 
linns for carrying out the various elaboradve processes. It is, moreover, scarcely 
practicable from the conformation of the g^und to form nscAil reservoirs of water 
within a reasonable distance} neither does it commonly occur in such cases that a 
free supply can be obtained for washing. 
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The pumping engine is thcrcfiire retired Co fbrnidi the reqnisile enantity of 
water. Thil is generally ood% eyed oter the floors by wood lannders, often interfering 
with each other and obscmeting the direct oircnlation of 
railways, fte. Now if a stand-pipe or pressnre 
L -iB column were erected at the engine, and a mam Judieionsly 

laid throughout the floors, it is obrioos that it would not 
only remedy this eeil. butalso allbrd water fiir the several 
( 11 washing purposes, as wail as motive power for common, 

^Bh. or ocher wheels, together with turhines, flap Jacks, ftc. 


» M inconsiderable proportion of water hu only 

• 1a W to be raised to a higher level the eonimon shoe or chain- 

f pump uili be found to render eflbettve service i but 

S ^ fNBlrV ^ larger stream is requisite it would be better 

• -V|y to employ the rotary pomp. This pamp,/y 606/. bus 

been brought to great permetion by Imra. Qwynne; 
a » ^e auction-pipe, and B the diaeharge, the dotted 
lines showing the discharge B, horisontal wbm required. 
Pumpe of the following dimeneieni are etated to raise 
lud discharge per minute for medium lifts, say flrras 10 to 70 foot high:— 


diom lifts, say Am 10 to 70 foot high:— 


Dlsmtlsr of 
dlfchnrte-plpc 
1 ) inchea 
^ .. 

4 , 

^ .. 
b „ 

7 n 


DiUMter of 
iaetioii.pipo. 

S inches. 

4 n 

5 „ 

6 H 

7 H 

8 « 


Oiliensor 
lor Mt mtouto. 


Stuff conitihiirig of slimes and sand may be rsadlly elevated by means of a 
,1 icob*i laddei or the Archimedean screw, illnstrsted at page 469, Vol L/ig 269 
I or short elevations combined water and raff wheels may be advantageously 
( iiplo)ed 

Ftu 686m. A. water-wheel , n, raff or inverted wheel , o, axis of both raff and water 
« beeh. carrying a tooth driving wheel , D, suing trommel , B, launder for mlet of stufl ; 



F. disoharge laimder; o, shoot delivering water and raff to lanider r ; u, eistera 
receiving slime fiwm trommeL 

Stme pits.— In the sevefil operations of cleansbgons ftwm mad,fa grinding, and 
washing, where a stream of water is naed, H is impossible to prevent some of the 
finely attenuated portions floating in the water Am being carried off with it 
ShmM jnu or labyrmtkt, esUed 6v(Mfo Aofot In Derbyriiin, ate soimloyed to colleet 
that matter, by receiving the water to settle at a little distance irem the place of 
agitation. 

These basins or reaervoin are of various dimensions, and Aom 84 to 40 inches 
deep Hera the snspended on is deposited, and noihiqg but clear water fo allowed 
toeecape. 
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'file workmen omplojed in the moohanieal prt'ffimlon of the orei are paid, in 
Cumberland, b> (he piece, and not by day'e warn A certain quantity of cnido 
ore ia delivered to them, and their work la Ttlued by the dinff, a meaaure con- 
tafniBfr 14 cwt. of ore ready for amelting. The prire variea according to the rich- 
neu vf the ore. Certain qualities are washed at the rate of 2m. 6d., or 5m. the 
biiig I while others are worth at least 10«. The richness of the ore varies firom 
It to su bings of galena per shtyit of ore; tlie shift oorreaponding to 8 waggon 
loads. 

In (ho year 1857, ITerr Von Sparre, of Kisleben, Prussia, patented four machines 
for separating aubstances of different specific gravities, in all of which water is cm- 
plovf'd, cither as a medium through which the said suhiitanoes fall under the action 
of gravity, or ns an agent for facilitating the motion of portions of the said substances 
along inclined surfaces. The particulars, together with illustrations, will be found in 
{Mitent No. 140A for the ytar 1857. 

1*he luechaiiiral prepi^tion of tin and copper ores has from time to time I een 
noticed hy severul writers. In 17.')8 Borluse described the method employed in the 
wcHi of < 'urn wall. Twenty 3 oars later. Price, in his Mitura/tM/ia, addvd to Hor- 
Innv'H description, and illustrated sumo of the apparatus then in use. Afterwards 
Dr. Boose published, in the second lolnmc of the Tian^actionM of the Gcoitttiiral 
Sorirhf of (^otnwall^ an article upon the dressing of tin in St. Just. In voiuuio 
four, Mr. W. Jory lien wood inserted a paper on dressing ; and some general re- 
marks Will he foHtid on the subject in I)e la Bt'che's Uefio/ton the Gtoioi/j/ 0/ Corn- 
u'till '1 he enriclimeiit <if lead ores has been noticed by Forster, in iiis Section 
of Mini ml Stmtu 1 also 113 >Varirtgton W. 8111301, in his memoir On the Ahms 
vf CoiihtjuM\hitet ill the second volume of the A/cv/ioinr if tlie Gioloytcal Survey of 
(it rat Hiitttin. 

In France, l)urrrno3’ and Klie de Beaumont, Coste, Perdonnet, and Moissenet 
have treaiiMl on the lueehunieal enriehnient of copper, tin, and lead ores. The latter 
gcntleniiin has frequently visited this country, and given the results of his observa- 
tioiiN in a highly interchting memoir, entitled Pr^/niration du minciai d'itain dan» le 
f 'oTN avi//, n ml alxi in the Annalce dre ilftncs, tonic ix. 1866. Too much attention 
iMiinotbe given to this section of mining economics, for with the iiicrcusiug pro- 
dtietimi of on^s. especinliy of fires of low ptoduce, and the iil-udapied machinery 
ofteiitiines emi)io3cd, the loss iu concentrating them is un item of most serious 
iiioiiieiit, any reduction of which will be so much positi\e gain to the country. 

In this paper we have included those machines which ha\e been long employed in 
our metalliferous mines, — man^v of ilieiii having l>een pioved by experience to be 
most economical, - together with such of the modem introductions as appear to 
promise the most ud\antuge, and some suggestions which cannot but be valuable, 
since the priiieiidcH iiivohed are founded upon the uuivirsal Uwb of gravitating 
power, us iipplied to solids and iliMd> in motion. 

It is not esHeiitiul to desvrihe the dressing routine olisjrwihle in a particular mine, 
Hiiiee it i.- beurcel3 possible to observe the same S3 stem in aii3 two distiuct conceriis. 
Ill the iMrioiisniode.s ol treadnenMiowever, it may be reiiiaiked that the two leading 
fi.itiirc'S will alwM3H he trdmlwn to a proper size and srparution of the ore from 
I le refuse. Until the M‘iu stuff arrives at the crusher or stumps, tlie labour is 
ti.iiHv one of picking and seleeiiiig. hut from these machines usually cotunieuce a 
lung series of di\i*,ioi.s, subdivisions, selections, and 1 ejections. To follow these 
out III fheir various raiiufn'ations would not only exceul the iiniitt, of this paper, 
hilt would pel hups be iiiisunderstood by those not intimately acquainted with the 
suhju't- J l>. 

DU rCilaKT is 0 coarse, but rather slight, woollen fabric, used for covering caiqiets, 
nnd as an orticlv ol’ clothing b3 females of the poorer classes.— fVc. 

'i'lie maiiufuetiire of druggets of various kinds has been of late years considerahly 
iiujiroved, and carpet.*', many ol them handsomely figured, are now found in coniiiioii 
UnC. 

Dll V GRINDI NQ. The practice of employing dry stanes has been Jong adopted 
for the purpose of ijMlKciiiiig the processes of shurpeiiing and polishing steel goods. 
The drv dust IVoni the saud stone, mixed with the line particles of steel, being inhaled 
113 the workmen, jiroduces diseases of the pulmonary organs to such an extent, that 
needlo and fork grinders arc reported rarely to live beyond the ages of twenty-five or 
tlurlv . 

Mr. Abnibnin. of Sheffield, first invented magnetic guards, which, being placed 
r ose to the grindstone, attracted the panicles of steel, and thus protected the men 
Ir.tiu their intlpeuces. Still they suffered from the effects of the fine sand-dust, and 
tile griudLrs heedlesbl3 abandoned the use of them altogether. 
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Mr. Abriham dcvitcd mother plan, which is emplojed, altboagh onl v partially, in 
tic Sheffield worka. The grindatone ia encloaed to a wooden oaae, which only ex- 
poava a portion of the edge of the atone t a honiontal tube prooeedi aa a tangent from 
the upper aurface of the circle to the eatemal atmoepbere. The enrrent of air gene- 
rated by the atone in rapid revolution, eaeaping through the tube, carriea off with it 
ntMirly all the duat ariaing from the prooeaa. It ia eurioua to ftnd ao aimple a oon- 
triemee frequently rejected by the workmen, notwithatanding that aad experieooo 
teachea them, that they are thereby exposing themaehea to the intloeneMof m atmo- 
sphere which jm)diiceB alowly but surely their diaaolution. 

DRYIN a 6ILS. When oils, especially iinaeed and nntoila, are boi'ed with litharge 
or oxide of lead, they acc|itire the property of aolidifying or dtffing quickly on expo- 
B ire to the atmosphere. These are very nsefhl to the painter, aa without them the 
pigments with which they are mixed would remain aoff. The oxide of lead appeara 
to eatabliah a state of more easy oxidation in the oils, ao that they aaauma readily the 
conditions of a resin. 

DRY ROT. This kind of decay in wood ia ascribed to the attacks of fkngi, 
C'^pccially to PtdyjMruM hifhriduM, aud Thetepura puteoMi, There is no doubt that, 
by the formation of fungus, rot or decay may be commenced, and continued to a 
certain extent ; but there are numerpua eases u here rot ia due to ao entirely different 
cause— a spontaneous decomposition. 

Dry rot differs but little in tlic causes producing it, or In the result, firom Wkt 
R<it. They arc both alike the iffecr of the conversion of the carbon of wood into 
carbonic acid, and its h>drogcn into water. The proceta is again the same as that 
by which wo^ is converted into humus, and into brown coal. Jda> or gives the 
aiiAl>bia of oak wooil, and of humus produced from it, •• follows: — 


Oak Woud. Ifiimui. 

Carbon 52‘.VI 48*32 

Hydrogen 5 27 4*67 

Oxygen - 42 20 afi’fiS 


In this change, 7*73 per cent of carbonic acid, and 2*8 per cent, of carburetted 
hydrogen, are diaengag^. 

'J'he e\awinatioD of the decay of wood, and its conversion into the brown i>owdir 
(humus) which marks rottenness, shows that the change is almost entirely dependent 
on the absorption of oxygen. The decrease in the volume of wood during its decay ia 
difHimlt to account for, unless we suppose, which ia probable, that as much escapes iu 
the form of carburetted hydrogen as there docs of carbonic acid and water. 

Uolhiw trees are sometimes met with, whose wood is entirely decayed away, 
nothing being left but tlie bark, and a quantity of pulverulent wood, which is altogether 
dispropurtiuiiute to the hollow space. In most cases, likewise, the cavity extends so 
1.ir Ih‘1ow the lateral opening in the trunk that we cannot suppose the decayed wood 
to have been washed away by rain, at least, not during the last stages of the change. 
It is, therefore, very desirable that continued careful observations should be made 
with regard to this point. On the other hand, the slight loss of substance by the 
wood during tlie firht stuges of its decomposition, explain why the alteration of 
wooden piles under waUr iippeare to have taken place without any diminution of 
\ "luine. If, iu«leed, besides this, inorganic substances — for instance, silica— should be 
1 ittoduecd into the place ot the organic consiitucnts separated, it would not be 
difficult to account for the increased firmness and density presented by wood which 
luih reinained for some tiiiie under water. It has been seen that the conversion of 
ligneoub fibre into a piiheruluil •substance, and into humus, admits of adequate ex- 
planation by means of tl c tli ce cases mentioned above, and, what is especially 
important, that it may be suppi)>^d to take place Indepeudently of external oxygen. 
'J'he formation of caibonic acid is, then, daring the first stages of the decomposition, 
cither extremely small or altogether wanting. The change commences with the 
separatiou of ox>gen and li}diogeu in the form of water, and the aeparation of 
oxygen and carbon, os carbonic acid does not commence until a later period. It is, 

I kewifrc, piobable, that at a still later period carbon and hydrogen are separated in 
thu form of carburetted hydnigen. 

The remedy for dry rot is the use of such substances as will, when penetrating the 
wood, eouibine with its albuminous matter, and solidify it Hence corrosive subli- 
mate, sulphate of copper, and arsenic acid have been found to be excellent prffserva- 
tives. Where they can be applied, nitric acid and sulphuric acid are very advanta- 
geous, especially where the growth of fungi is the cause of rot, or when vegetation 
bus lol lowed the decomposition, as it not unfreqiiently does. Sca Wood PnbflKUViNc. 

DUCK. (DuA, a cloth, Swedish ; tuch, Germ.) A co.'irsc cloth, a light sort of 
c.'U* as. it is used for common articles of apparel, for small sails, and the like. 
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DUCTILITY (Sirtckbarektit, Oavl) U the property of being dnwii out in length 
withoac bn«king, pOMemed in n pre-emlitetti degree by gold and ulver, asabo by many 
other motole. by glam in the tiqoid flate» and by many aemiduid, reiinout, and 
gomroy ■ubatanoef. The fodder and the ailkworm eahibit the finest natural eaerciae 
«»f ductility upon the peeultiur riscid aecretions from irhich they spin their threads. 
When a Ixuly can be readily eaCeodod in all direetioDS nnder the hammer, it is 
said to Ih‘ malleable, and when into fillets under the rolling press, it is said to be 
Jaioinable. 


Table of the DueiUU^ and Malleahdity of MetaU, 


Mebito Ductile and 
llntlealile in Al|»h*- 
IwtleaJ Order. 

BritUs NAfib 

In 

Alptiabetleid Order. 

Metalf In (he Order 
ofUielr Wire drewiiif 
DucUlity. 

MeUlf In the Order 
of ilielr LMnlnable 
Ductility. 

('admium. 

Antimony. 

Gold 

Gold. 

< 'upper. 

(fold. 

Arsenic. 

Silver. 

Silver. 

Bisnmih. 

Platinum. 

Copper. 

Iron. 

('erium ? 

Iron. 

Tin. 

Iridium. 

('hrominro. 

(^opper. 

Platinum. 

Ix^ad. 

('obult. 

Zinc. 

Lead. 

Miignesium. 

('ulnmhiiim? 

Tin. 

Zinc. 

Merenry. 

Iridium. 

Lead. 

Iron. 

Nickel. 

ManganeHO. 

Nickel. 

Nickel. 

Gsmium. 

Molybdenum. 

Osmium. 

Bhodium. 

Telltiriiim. 

Titan uira. 
Tnngsten. 
Uranium. 

Palladium? 

Palladium ? 

Palladium. 

Platinum. 

Potassium. 

Silver. 

Sodiom. 

Tin. 

Zinc. 

Cadmium? 

Cadmium ? 


There appears to he then*forc a real difference between ductility nud malleability ; 
for the metaia which draw into the finest wire arc not those which afford the thinnest 
leaves under the hammer or in the rolling press. Of this fact iron affords a good 
illustration. Among the metals |icrmancnt in the air, 17 arc ductile and 16 are brittle. 
But the most ductile cannot he wire-drawn or laminated to any considerable extent 
without being annealed from time to time during the progress of the extension, or 
rather the sliding of the particles alongside of each other, so as to loosen their lateral 
cohesuin. See MALLKAtiiuTT. 

DM.SK. The l{hinhmmia palmata. Sec Aigsb. 

DUNKS. Low liills of blown sand, which arc seen on the coasts of Chrshin* and 
roniwull, in this country, and also in many places skirting the shores of Holland and 
Spain. 

DUNCING, in calico-printing, is the application of a bath of cowdung, diffused 
through hot water, to cotton goods in a particular stage of the manufacture. Dunging 
uiid scouring are comiuuuly alternated, and are two of the most important steps in the 
process. Sec (’alico PniMlNU. 

DUTCH LEAK or FOIL, a composition of copper and lime, or of bronze and 
copper leaf. See Alloys, Brass, and Bronze Powders. 

DU'lXTl I.IQUID. A name given to an oily substance produced by the action 
of chlorine on oletiaiit gas. It was discovered at the close of the last century by an 
association of Dutch chemists. ' 

DUTCH KUSH. Equiseum Ilymak, This rush is known also as the Large 
branchfeu liorw-tqijl, 1'he dried stems are much employed for polishing wood and 
metal. For pnipose they are generally imported from Holland. 

DYEING Fr. ; FAViwi, -Germ.) is the art of imparting to and fixing 

upon wool, silk, cotton, linen, hair, and hkins any colour, with suflBcient .tenacity, not 
to be removed by water or the ordinary usage to which these fibrous bodies are 
exposed when worked up into articles of raiment or furniture. We slinll here consider 
the general principles of the art, referring, for the particular dyes and the manner of 
trenting the stuffs to be dyed, to the different tinctorial auhstunccsin their alphabetical 
ordir. 

Dyeing, although altogether a chemical process, tmd requiring for its correct ex* 
planation an acquaintance with the properties of the elementary bodies, and the laws 
which regulate their combination, has been practised from tlie roost ancient times, 
long before any just views were entertained of the nature of the changes that took 
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phee. And it it ftill pTtctM by many vbo know Ttry little ol chemical aoience, 
and, like ^ny of the other ohemical arta, ita praetioe ia often In adeunee of the 
•cience by which ita prineiplea are explainable. 1'he art no doubt orwinated in that 
love of diftinctloa inherent in the hnman mind, Indneinf nan, Inr ita gratification, 
to atain hia dreu or hit akin with the gaudy eolonra of the ecgatable kingdon. The 
carli^ hiatorieal record apeaka of coloured garmenta being worn aa marka of dia- 
tmetion for offieea both pnitical and religtoua, and alao aa marka of flavonr. Jacob 
gave hia favonrite ton Joaeph a coat of many cotoora, and Moaea ipeaka of a raiment 
'lycd blue, and purple, and acarlet, and of abeepakina dyed red, eirenmatancea which 
indicate no amall degree of tinctorial akilU He cnjolu purple atufih fhr the worka 
(if the tabernacle and the ▼eatmenta of the hi^ primta. 

In the article Cauco Fninnira, it haa Wn shown firom PKny that the ancient 
I'gyptiana culttrated the art of dyeing with some degree of eoientifio preeialoD, since 
they knew the use of mordents, or those aubataneea wluch, though they impSm no 
I olour tliemselvcB, yet enable white robes {cokdidu ae&i) to absoA colouring drugs 
{colorem torhtniibwt msdicamentit). 

Tyre, however, was the nation of antiquity which made dyeing one of ita chief 
occupations and a staple of its commerce, and it is eaaerted by all writers npoo the 
subject, that the invention of the eelebrat^ pu^Us dve, known as the Tyrian purple, 
WBB made in that city, and the king of Phcenicia, being ao captivated with the colour, 
it ia stated that be made it one of his principal omomenta, ahd it became afterwards, 
and continued to be for many centuries, a badge of royalty. 

The diacoveiy of the purple dye is said to have bm made 1500 years before the 
( 'hriatiou era. It must have met with a very early and general appreciation, and 
1 apid commercial progreaa. As we find that, nine years after the above date, tlie 
eliildreo of Israel, an enalaved people, on their leaviii|r Kgypt, had in their poaacssion 
I irge quanlitiea of this dye, and it was extensively used by them, a short time after, for 
the furniture of the tabernacle and the vemments of the priesta; and in after years 
this dye was always named amongst the valuable B|K»iis of war : that it was the 
dress of royalty at a very early period, is indicated by tlie mention, amongst the 
spoils of the Miduins collected by the Israelites, of the pufple garmenta worn by 
their kinga 

The juice employed for communicating this dye was obtained ftrom two different 
kinds of shell-fish, described by Pliny under the names of purpura and buceinum j and 
was extracted from a small vessel, or sac, in their throats, to the amount of only 
one drop from each animal A darker and inferior colour was also procured by 
crushing the whole substance of the buceinum. A certain quantity of the juice coU 
lected from a vast number of shells being treated with sea-sal^ was allowed to 
rii>en for three days ; after which it was diluted with five times ita bulk of watcFt 
kept at a moderate heat for six days ^ore, occasionally skimmed to separate the 
.iiiiiiial membranes, and when thus clarified was applied directly aa a dye to white 
((oul, pn>viously prepared fur this purpose by the action of lime-water, or of a apeeies 
wf lichen called fucus. Two opt^ratioua were requisite to communicate the finest 
Tynan piirfile ; the first consisK^ in plunging the wool into the Juice of the purpura ; 
the second, into that of the buceinum. Fifty drachms of wool required one bundrc<l 
of the funner liquor, and two hundred of the latter. Sometimes a preliminary tint 
was given with coccus, the kermes of the present day, and the cloth received mcn^ly 
a finish from the precious animal juice. The colours, though probably not nearly 
so hrillbnt as those producible by our cochineal, seem to have beeff very durable, for 
Plutarch says, in his Li/e of Auxander (chap. 3G), that the Greeks found in the 
treasury of the king of Persia a Nr go quantity of purple elotb, which was as beautiful 
us at first, though it was 19U >< irs old. 

The quantity of purple, said to be fiiund by Alexander in the treasury of the king 
of Persia, is differently stated : —elst, as anunintmg to 6000 talents) 2nd, ss being 
of the va/ue of 5000 talents ) Srd, as weighing 5000 quintals. Besides these dis- 
erepant Statements it is not clear whether these values or weights refer to cloth dyed 
or to the dye drug, although it would be an important fact to know that the dye could 
he thus preserved for a length of time. Horace celebrates tbc Laconian dye in tho 
following lines : — 

Nec Laconicas mlhi 
Trahunt boiiestm purpuras clientm t 
which have beeu translated as — 

** No honourable lady dependents 
Spin Laconian purple for my use.** 

N<4withstandbg its almost nnivcrsal use in more ancient times it gradually de- 
clined, so that, either from the difficulty of collecting the dye, or the tedious com- 
plication of the dying process, so expensive was it that, mvA the commencement 
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of ihv Chrlitia» ew, one pound of the purple wool of Tyre toeC, in Rome, nbout thirty 
ponnde of our money. 

Notwithftending this enormouf priee, lueh wai the wealth accumnlatcNl in that 
eapital, that many of its leading oitixent decorated themaelTca in purple attire, till the 
emperors arrogated to themselves the privilege of wearing purple, and prohibited 
its use to every other person. This prohibition operated to much to discourage this 
curious ait as eventually to occasion its extinction, first in the western and then in the 
eastern empire, where, however, it existed in certain imperial manufactories till the 
eleventh oeutnrv. 

(iage, i^ole. Plumier. Reaumur, and Duhamel have aeverallv made researches con- 
cerning the colouring juices of shell-fish canght on varioua ahorei of the ocean, and 
have succeeded in mrming a purple dye. but they found it much inferior to that 
fitrniaht.'d by other means. The Juice of the biircinutn is at first white { it becomes 
by fxposun! Co air of a jellowish green bordering on blue; it afterwards reddens, 
and finally changes to a deep purple of considerable vivacity. These circumstancps 
coincide with the minute description of the manner of catching the purpliMlyc shelU 
lish which we possess in the work of an eye-witness, Eudocia Macrcmbolitissa, 
Uuughter of the Emperor Constantine Vlll., who lived in the eleventh century. 

The beautiful purple dye, which is now extracted fiom giiano, is probably closely 
allied, both in properly and app<‘aranoo, to the Tyrian purple. 

hyeiiig seetuf to have been little cultivated iii aucioiit Greece. The people of 
Athens geiierully wore woollen dresses of the natural rulour, a circumstance forming 
a peetiliarity m that nution, coiii|iobed of a people who were such lovers of art 

The Romans apjH^ar to have bestowed some care upon the art of dyeing. In the 
games of the circus parties were distinguished by colours. Four of these are de- 
serilied by i*liny. the gn‘cn. the orange, the grey, and the white. The following 
ingredients were used by their dyers: — A crude native alum mixed with copperas, 
copperas itself, blue vitriol, alkanet, lichen rocellus or archil, broom, madder, woad, 
nut-galls, the siK^ds of pomegranate, and of an E^ptian acacia. 

In Europe the progress of dyeing, as of all otucr arts, was completely stopped for 
a considerable time by war and invasion, and did not revive till about the beginning 
of the thirteenth century, and then so rapidly did its progn^ss extend in some 
localities, that, towards the lieginning of the fourteenth century, there were no less 
than two hundred d}eiiig establishments in Florence. At the same time the Italians 
and Venetians also ptosecuted the art of dyeing to a large extent. 

The art of printing proved for the dyeing os well as other arts its great pioneer 
and propagator, lii the middle of the I6th century, Pltciho*a Art of Dytinp was 
printed, which gave general instructions for dyeing all kinds of fabrics, and laid the 
foundation for that improvement of this art, which soon after followed throughout 
Germany, France, and England. 

In the east, the art of dyeing did not experience that decline which passed over all 
the arts of Kuro|)e ; hence the beautiful dyes of India maintained their high charac- 
ter } and, to this day tliese dyes are produced by processes differing little from those 
praetised in the days of Pliny.* 

The discovery and ojiening of America to commercial enterprise, formed an era in 
the history of the art of d) cing, as Arom that country were introduced a variety of 
new dye-drngK, i^ucli os logwc^, brasilwood, quercitron, cochineal, annotta, &c., 
which, with tlie ihscovery of the use of tin as a mordant about the same time, gave 
the dyer a facility*and power of producing such a variety of tin^ and of such a depth, 
durability, and hiBtrt>, that it is now difficult to conceive possible to have been pro- 
duced in former times. 

About the same time was discovered the art of useipg indigo as a dye, which it is 
believed the ancients onljr knew as a pigment The introduction of this dye-drug 
into this country met with strong oppositioD, eoncerning which a writer in the 
Penny Cyclop^ia *' says. 

Indigo, the^i^ious and bcautifhl product of aa inMIresting tribe of tropical plants, 
which is adap4fVfonu the most useful and substantial of all dyes, was actual de- 
nounced as a dangefons drug, and forbidden to be used, by our parliament in the riMgn 
of Queen Elixabetli. An act was passed authorising searchers to horn both it and log- 
^wood in every dye-house where they could be found. This act remained in full force 
till the time of ('harles II. j that is, for a great part of a century. A foreigner might 
have supposed that the legislators of England entertained such on affection for their 
native woad, with which their naked sires used to d^e their skins in the old times, 
that >hey. would allow no outlandish drug to come in competition with it. A mast 

• In India itai dltcoverml the mode of dyeing turkey red. which Is the most durable dye knoirui ns 
wrll a« thv rtrlu it Hut that Can be produced on cotton. It was Inimduced Into Frame and England 
about the middle of List ccittur) , niid Is still carried on to on extraordinary extent and* perftetluu* 
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instructive book might be written illnitnlivo' ii tlie evUt inflicted npon arts, manu- 
fketures, nud commerce, in oonaeqoenco of the ignorance of the legislature/’ 

More mcontly another clam or dye-drugs have been introdned, and have super- 
seded some of those of the former century \ these are bichromate of potash, red and 
yellow prusaiate of potash, manganese, catechu, arsenic, &o. « 

I'olours are not, properly sjieaking, material i they are impresaions which we receive 
from the rays of light reflect^, in a decomposed state, by tho surfaces of bodies. It is 
well known that a white sunbeam coniists of an indeterminate number of diffcnNitly 
coloured rays, which, being separated by the refractive force of a glass ^sm, form the 
solar spectrum, an image divided by Newton into seven soits of rays | the re^ orange, 
yellow, green, blue, indigo, and violet ileuee. when an opaque body appears coloured, 
for example, red, we say tiuit it reflects the ted rays only, or in greatest abundance, 
mixed with more or less of the white beam, which has escapi»d decomposition Accord- 
ing to this nuimier of viewing the colouring principle, the art of dyeing consists in 
fixing upon stufls, by means of corpuscular attraction, substances which act upon light 
in B ditferent manner from the surfaces of the stuffs themselves. The dyer ought, there- 
fore, to bo ikmiliar with two principles of optics ; the first relatively to tho mixture of 
colours, and the second to their simultaneous contrast. 

Whenever the different coloured rays, which have been separated b)' the prism, arc 
totally reunited, they reproduce white light. It is evident, that in this eomp<«ltion 
of light, if some rays were left out, or if the coloured ra> s be not in a eortain proportion, 
we Mould not have white light, but light of a certain colour. For example t if wc 
separate the red ravs from the light decomposed by a prism, the remaining coloured 
rays will form by their combination a peculiar bluish green. If we separate in like 
uiiiuner tlie orange rays, the remaining coloured rays will form by their combination 
a blue colour. If we separate from the decomposed prismatic light the rays of greenisli 
yellow, the remaining coloured ruys will form a violet. And if wc separate the rays of 
yellow bordering on orange, the remaining coloured rays will form by their anion an 
indigo colour. 

Thus we see that every coloured light has such a relation v ith another coloured lij^bt 
that, by uniting the first with the second, wc reproduce white light; a relation which 
we express by saying that the one is the complement of the other. In this sense, red 
iH the complementary colour of bluish green ; orange, of blue ; greenish yellow, of 
violet; and orange yellow, of indigo. If we mix the yellow ray with the red, we 
produce orange ; the blue ray with the yellow, we produce green ; and the blue with 
the red, we produce violet or indigo, according as there is more or less red relatively 
to the blue. Hut these tints are distinguibhuble from the orange, green, indigo, and 
violet of the solar spectrum, because when viewed through the prism they are reduced 
to their elementary eomponent colours. 

If tho dyer tries to realise the preceding results the mixture of dyes, he will 
succeed only with a certain number of them. Thus, with red and yellow he can make 
orange; with blue and yellow, green; with blue and red, Indigo or violet These 
facts, the resulu of practice, have led him to the conclusion that there are only three 
primitive colours ; the red, yellow, and blue. If he attempts to make a white, by 
applyinff red, yellow, and blue dyes in certain quantities to a white stuff, in imitation 
of the philosopher’s experiment on the synthesis of the sunbeam, fiir from succeeding, 
he will deviate still flirther from his purpose, and the stuff will by these dyes Income 
coloured of a depth varying according to the quality of the stuff used; until a full 
black is produced. Nevertheless, the principle is applicable, and in many cases 
adopted in practice by blending the yellow, red, and blue rays in order to produce or 
improve an otherwise iiiipcrfect white. 'When a little ultramarine, cobalt blue, 
Prussian blue, or indigo is applied to bleached goods with the view of giving them 
the best possible white, if only a certain proportion be used, the goods will appear 
whiter after this addition than before it In this case the violet blue forms wiu the 
brown yellow of the goods a mixture tending to white, or less eolouied than tho 
yellow of the goods and the blue separately were. For the same reason a mixtore of 
Prussian blue and cochineal pink, or archil and cudbear, is used for whitening of 
silks in preference to a pure blue, for on examining closely the colour of the silk to be 
neutralised, it was found by the relations of the commementary colours, that the 
violet was more suitable than the pure blue alone. The dyer should know, that 
when he applies several different colouring matters to stnn^ ss yellow and bine 
separately, they will appear green, not because the colouring matters have combined, 
bat because the eye cannot disUn^ish the points which refiect the yellow from those 
which reflect the blue, and it is this want of distinction that produces the eombtned 
colour. With such a dye the colour will appear of different tiutSto the blue or yellow 
prevallmg according to the poeltion in which it is placed to the eye, .whether eeeii 
by reflected or transmitted, light, but when the dye applied to the ette is in «»Tif>wi iMii 
union, producing a green, such as anenite of copper, the yellow and bine rays cannot 
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be thill dlftii^bhcd. CMht InHiBOM of mixed coloan will be leen by cxamininc 
certain grey labcltacci, aueh ac bain, featben, Aec. with the microicope, by which 
It to Mco grey colour rcaalta from black poiott diaaemioated o?er a ealourlcai or 
aligbtly colnared aarfbcc. The mioroeoope may be thua oiefrilly afiplied by the dyer 
to diirtinguiah whether a colour be the result of a mixed or a combined dye. 

llie dyer should also be acquainted with the law of the aimultaneous contrast of 
colours When the eye Tiews two colours close alongaide of each other, it sets 
them difrering moat, in the height of tht ir tone, when the two are not equally pale or 
ftill-lKMclied. They appear moat diflereiit, when the eomplemontat 7 of the one of them 
IS ailded to the colour of the other. Thus, put a green alongaide of an orange, the 
red colour complementary of green being ndded to the orange, will make it appear 
redder. And in like manner, the blue complementary of orange being added to the 
gn*en, will make it appear more intensely blue 

It IB not sufficient to place complementary colours aide by aide to produce harmony 
of colour, the respective intensities having a most decided influence ; thus, pink and 
light green agree, red and dark green al»o ; but ligiit green and dark red, pink and 
dark green do nut, then*fore, to obtain the maximum of effect and perfect burrootiy 
the following colours must be placed side by side, taking into account their exuit 
intensity and tint 

Prlmltlvs Colour Sttcomlsry Colours. 

Red ... Green ... Light blue; Yellow; Red 

lllue ... Orange . . • RcS; Yellow, Blue 

Y’ellow orange - Indigo ... Blue; Red; \clIow 

Cireimish yoliow - Violet ... Red; Blue; Iilow 

Black • . ‘White ... Yellow; Blue; Bed 

The mixed contrast gives the reason why n biilliant colour should never be looked at 
fbr any length of time, if its true tint or brilliancy is to be appreciated, for if a (lerson 
looks, for example, at a piece of red cloth for a few minutes green, its complementary 
colour is generated m the eye, and adding itself to a portion of the red, produce s 
black, which tarnishes the beauty of the red. This coutrast explains why the ahade 
of a colour, may lie modified according to the colour which the eye has previous 
looked at, either favourably or otherwise. An example of tlie first instance is noticed, 
when the eye first looks to a yellow substance, and then to a purple one ; and us 
exemplify iii^ the second case looking at a blue and then at a purple. 

The relations of dyeing with the principles df chemistry, constitute the theory of 
the art, pnqHTly speaking , this theory bos for its basis the knowledge 

Ut. <>f the nature and proi>erties ot the bodies which dyeing processes bring into 
contact 

2nd. Of the circumsiuuces in which these bodies are brought together, facilitating 
or retarding their action. 

.3rd. The phenomena which appear during their action ; and, 

4th Properties of the coloured combinations which are produced. 

I'he first of these gencralitus euibraeo a knowledge of the preparations, which 
stuff necessarily undergoes previous to dyeing, and also the preparations of the dye- 
drug before bringing it into contact with the stuff. 

T%e operations to which stuffs are subjected before dyeing, ar^mtended to separate 
from them anv foreign matters which may have become attached, or are natarally 
inherent m the stuff. The former are such as have bet n added m the spinning, 
wealing, or other nianipulatioui of the manufacture, and are all removed by 
slot piiig in an alkaline lye and washing. The second are the natural yellow colouring 
substances which coat some of the various fibres, both vegetable and animal ; and the 
chlorophylie, or leaf-green of ye^tables. The removal of these to generally effected 
bv boilihg ID soap and alkaline lyes. A weak bath of soda, in which the stuff is 
allowed to steep for some time, and then washed in water, is generally the only pre- 
{laration required for wool, in order that it may take on a uniform dye. 

To remove the gummy or resinous matter from silk, it reauires boiling in soap lye; 
however, its remova^not essential to the atuff combining with the dye, as silk is often 
dyed while the gumfP^ains in it, in which case it to only rinsed in soap lye at a very 
moderate heat, to remove any foreign matters imbibed in the process of manufacture. 

Vegetable fibre, as cotton, has such natural resinons matters that retard the re- 
ception of the dye removed by boiling, either with or without alkaline lyes ; but the 
naturitl dun colonr of the fibre to not removed, which frrom the laws of light and 
colour already refer^ to, would interfere with the production of bright light tints; 
under these ciroumstances, the natural eoionr of the fibre has to be previonsly removed 
by bleaching, for which see tbs article, BLSACHiita 
The necessary preparation of the dye-drugs within the province of the dyer, is to 
obtain tlic colour m a state of sblutiioa, so as to allow the fibre to absorb it, and to 
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pi-oduee chemical oombinattoB, mr to^t the dye or eoleur In mil n minute attte or 
diviaioD m H will penetmte or enter into the fibre of the itoff. Theae prepnmtiona 
embrace the formation of deooctiODti, eatracta, and aohaioiM» and alio in aenne eaiea of 
precipitation, prerioua to immersing the stuff into the hath, fitufik^ ehemlcally 
considered, bare but a feeble attraction for other matiera, eo ae ioeombine with them 
chemioallyi still that the? do poasees oertain attraotiona is erident Ibom rarioas 
phenomena observed in the dyeing proeesses, and that this attraetioa U possessed 
with different degrees of intensity hy the different fibres, is also trident ftnm the ease 
and permanence that woollen stuff will take np and retain dyes eoinparsd with 
cotton } and also, that oertain dyes are retained and fined within or upon one kind of 
fibre and not at all in another. This may he determined hy plunging the dry stuff 
into solutions of the salts, and determiniim the density of the solution befim the 
immersion and after withdrawing the stuff Wool mbstraets alum from its solution, 
but it gives it all out an'in to Miliog water. The sulphates of iron, topper, aud 
sine, reaemble alum in tms respect l»lk steeped for some time in a sointion of 
protosulpbate of iron, abstracts the oidde, and gets thereby dyed, and leaves the 
solution acidulous. Cotton in nitrate of iron produces the same efiM Wool put m 
contact with cream of tartar, decomposes a portion of it { it absorbs the srkl within its 
liores, and leaves a neutral salt in ^ution in the liquor. Cotton prodnees no stteh 
effect with tartar, showing by these different effects that there are oertain attractions 
between the stuff and dyes. This attraction, however, may be more what is termed 
a catalytic influence, the fibres of the stuff producing a ohemical action with the tslt 
or dye, with which it is in contact. This attraction or affinity of the fibre for the 
ilye*drng, does not produce a very extensive effect in the proeesses of dyeing. More 
probably the power of imbibing and retaining colours poimsed by the fibre is more 
dependent upon a mechanical than a chemical influeuee. 

All dye-drugs must in the first instance he brought Into a state of solution, in order 
that the dye may be imbibed b]r the fibre; but if the fibre exerts no attraction for the 
colour so as to retain it, it is evident that so long as it remains capable of dissolving 
in water, the stuffs being brought into contact with water, will soon lose their colour. 
A colour thus formed does not constitute a dye, however strongly stained the stuffs 
may appi'tr to he, in or out the dyeing solution; in order to form a dye, the colour 
most ^ fixed upon or within the stuff, in a condition insoluble in water. Hence 
the mere immersion of the stuff into a solution of a colour will not constitute a dye, 
except where the stuff really has an attraction for the colour and retains it, or causes 
a decomposition by which an insoluble compound is fixed upon it, such as referred to 
by putting stuffs into solutions of iron. The abstraction of the colour firom a solution 
by the immersion of the stuff, is often the result of a mechanical attraction possessed 
by porous substances, enabling them to absorb or imbibe certain colouring matters 
from solutions that are held by a weak attraction by their solvents. On this principle, 
a decoction of cochineal, logwood, brazil-wood, or a solution of snlphate of indigo, 
by digestion with powdered bono black, lose their colour, in consequence of Sic 
colouring particles combining by a kind of capillary attraction with the porous carbon, 
without undergoing any change. The same thing happens when well scoured wool 
is steeped in such coloured liquids; and the colour which the wool amumes by ita 
attraction for the dye, is, with regard to most of the above coloured solutions, hut 
feeble and fugitive, the d>e may be again abatracted by copioua wadimg with 
simple water, whose attractive foree therefore overcome! that of the wool. Tm aid 
of a high temperature, indeed, is requisite for the abstraction of the colour from 
wool aud the bone-black, prolnbly by enlarging the siie of the pores, and increasing 
the solvent power of the water. 

Those dyes, whose colouring matter is of the nature of extractive, form a foster 
combination with stnflh. Thus the yellow, fown, and brown dpes, wMcl^ contain 
tannin and extractive, become oxygenated by contact of air, and msolnble in water ; 
by which meana thev can impart a durable dye. When wool is impregnated with 
decoctions of that kind, ita pores get charged by capillarity, and when the liquid 
becomes oxygenated, they remain filled with a colour now become insolabie in water. 
The fixation of iron oxide and several other bases also depends on the same obaoee 
within the pores or fibre, henoe lU salts that have a tendency to pass reulily into the 
basic state are peonliarly adapted to act as a medium for fixing dyes; however, this 
prmrty it not essentiaL 

In order to impart to the stuA the power of fixing the colour in an insoluble form 
upoD it, remise is had to other substances, which inll oomblne with the aoluUe and 
foim with it an insolohle ooloar ; and it is not necessary that this new eutatanoe 
uoald have an attraction for the stnff, or he eapableof passing into a hasie form, any 
more than the original ooloar, hvx It is necessary that It be rendered imadu^ while 
sn contact with the stuff 

Such sabstanoes used to unite the colour with the stuff hate been termed mordants, 
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which mcftiit tfait the) had a mntual attraction for th • ataff and eolonr, and combininft 
with the fluff drat, they afterwurda took up the colour i but thia ia only ao in »oin« 
inataneca, A few caaoiplM will illuatrato the bearing of these nnnlanta If a piece 
of cotton atuff la put into a decoction of logwood, it will get atained of a depth aecor* 
ding to the colour of the aolution, but thia atain or colour may be waalicd from the 
eiitioo by putting it into pure water, the colour being aoluble. If another piece of 
cotton atuir be put into a solution of protoaulplmtc of iron, and then washed from this, 
a poriioii of the iron will have undergone oxidation, and left the acid, and larome 
tixed upon the fibrt* and inaoltiblc in water. Whether thia oxidation ia the result of 
an influence of the atuff, or the effiCt of the oxygen of the air and water in which the 
goiMltt are expoa<‘d, it diHW not niatUT meantime, only this flxed oxide constitutes an 
example of a mordant by its combining with the stuff. If this stuff is now put into 
u dfeoetion of logw<Mid, the coluiiniig matter of the logwood will combine with the 
oxide of iron fixed upon the fibre, and form an insoluble colour, which after washing 
will not remore firoiii the stuff If, instead of washing the stuff from the sulphate of 
iron solution in water, it be passed through an alkaline lye of soda or potash, the 
acid holding the iron in solution is taken hold of by the alkali, and removed. The 
oxide of iron is thus left upon the stuff, in a much larger quantity than in the 
former case, and as firmly fixiil, although not by any nttraction betwin.‘ii it and the 
fibn*, but simply being left within it. And this stuff being now put into the logwmisl 
liquor, will form a dye of a depth according to the quantity of iron thus flxed upon 
the stuff, and equally permanent with that which hud beeu fixed on the stuff by the 
oxidation in working. 

Much then are the methods of flxing within the stuff insoluble colours from solubie 
eonipounds, and from these remurkt the necessity of having the dye in solution will 
also be OTident. 

Su|)|K)se again that the sulphate of iron be mixed with the logwood decoction, there 
will bo produced the same colour or dye as an insulublc precipitate : if the cotton 
stuff it put into this, no colour worthy of the name of a dye will be obtained, ns the 
cotton will not imbibe within its fibre this precipitate. Place woollen stuff in the same 
liquid, tliereis formed a very good dye, the woollen fibre having imbibed a great por- 
tion of the solid precipitate, probably owing to woollen fibres btung much larger than 
those of cotton, 'riiua, with coMon and other stuff that w ill not imbibe freely solid pre- 
cipitates, the mordant must be fixed within the fibre previous to applying the colouring 
substiiiees, such as the vegetable decoctions. It will also be seen that the dje which 
is the product of combination between the mordant and colour if not that of dke natural 
colour of the drug, but the colour of the compound. Hence the great variety of tints 
capable of being produced from one dye-drug, varying either the kind or intensity 
of the mordant. 8 o that in the above instances, tt ia not the colour of the hematox> lin 
fixed on the stuff, but its compound with iron, or tin, or alumina, as the case may be, 
all of which give different tints. 

It is upon this principle of rendering bsses insoluble while within the fibre by 
oheiiiical means, that has brought to the use of the dyer a great numlier of mineral 
dyes which in themselves, whether separate or combined, have no nttraction whatever 
for the fibre i such as solutions of sulphate of copper, aud yellow prussiato of potash, 
nitrate of lea^ and bichromate of potash, flto. Suppose the stuff to be dyed a yellow 
by the two last named salts, was first pot into the solution of lead and then washed 
previous to being put into the bichromate solution, the greater portion of the lead 
would be dissolved ft-om the stuff, and a very weak colour would be obtained. If the 
stuff firom the lead solution was put directly Into the bichromate solution, a very good 
dye would bo the result ; but the portion of the solution remaining upon the surface of 
the stuff will combine with the chrome and fonna precipitate which the fibre cannot 
imbibe, but will form an external crust or pigment upon the surface, which blocks nn 
the pores, and exhausts to no purpose the dye, causing great waste ; hence the stuff 
fWtm the solution of lead is put into water containing a little soda or lime, and the 
lead is thus reduced to an insoluble oxide within the fibre. The goods may now be 
WMsbed Arom anvj|08e oxide adhering, and then passed through the bichromate 
solution, when iffflaeomio acid oombines with the oxide of lea^ forming a permanent 
yellow dye> Thai it will be seen that whether the combination of the colour with 
the stuff be chemical or mechanical the pn.duetion of the dyo which is fixed upon the 
fibre is certainly a chemical question, and the dyer should be fkmiliar with tlie nature 
and principles of these reactions. 

There are a few instances where the dye produced docs not come within the sphere 
of these principles, there being no mordants required, nor any combination of the 
colour formed within the stuff, but the dye-drug in its natural hue is fixed within the 
fibre. Such colours have been termed to distinguish them from those pro- 

duced by means of mordimta, which are termed a^eetive. Amongst this class of dyes 
and dye drugs stands pre-eminent indigo blue. Indigo in its natural state is entirely 
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innoliible lO ind it of a deep blue cdoar. 1 he compoaition of Uiie bine indigo 
It ripretented m — 

Carbon - - - 16 I Nitrogen - - 1 

Hydrogen - - 6 | Oxygen - - - 2 


But It It found eaptble of parting with a portion of the oxygen, and by to doing, 
losing entirely itt blue colour . and in this deoaidlted condition it it soluble in alkaline 
lyet and lime water , this colourleu compound it termed indigogene The opinion 
o( Liebig upon the conttituUon ot this tuhttanoe it. that indigo contamt a wit radical, 
which he terms AnyU, composed of 0'*11*N He coomdert that indigogene or white 
indigo it the hydraUid protoxide of tbit radieal, and that blue indigo it the peroxide, 
repreaented thus — 

^ r H H O Watw 

Salt radical, anyle • - -16 6100 

Indigogene - • - -16 5111 

Blue indigo - - - -16 5120 


Adrantage it taken of this propirty of indigo, of parting with its oxygen and becom- 
ing aoluble, to apply it to dyeing, and it it effected by the following meant, wliin for 
the purpoee of dyeing Tcgetable ttnff, at cotton , and from the circumstance of these 
operations being done cold, the method it termed the cold vat, which it made up oa 
follows —The indigo it reduced to an impalpable pulp, by being ground in water to the 
coniuatence of Uiick cream Thia it pat into a auitahle vosacl filled with water, along 
with a <|uaDtity of copperas, and newly alaked hme, and the whole well mixed by 
stirring After a abort time the indigo it deoxidittd and rendered aoluble by a por- 
tion of the lime which la added in excess, the reacUon being represented thus — 




2 Copperas 


Protoxide of Iron 
Protoxide of Iron 
Snlpbunc Acid 
Sulphuric Acid . 



3 Lime - 


fLime 
< Lime 
bLime 



Dyeing Solution. 
Peroxide of Iron 


* Sulphate of Lime. 
Sulplute of Lime 


The peroxide of iron and sulphate of lime are precipitated to the bottom, and the indi- 
gngene and lime form a solution of a straw colour, with dark xeint through it 

The operation of dyeing by this solution it simply immersion, technically, dtppinq. 
'llie stuff by immersion imbibes the solution, and when taken out and ezpo^ lo 
the air, the indigogene upon and within the fibre rapidly takes oxygen from the atmo- 
sphere, and bicoraes indigo blue, thus forming a j>ermanent dye. without any 
necessary attraction between the indigo and the staff. 

The indiffo TSt for wool and silk is made up with indigo pulp, potash, madder, and 
tiran. In this rat the extracts of madder and bran perform the deoxidising functions 
of the copperas in the cold vat, by undermnng a specioa of fermentation. 

Pastel and woad, either alone or with the addition of u little indim, is also used for 
the dyeing of wool and silk staff, the deoxidation being effected by the addition of 
bran, madder and weld. In dyemg with these xats, the liqnor is made warm, and they 
require much skill and experience to manage, in consequence of their complexity, 
lieing always liable to go out of condition, as toe dyeing goes on, by toe extraction ot 
the indigogene and the modification of the fermentable matter employed to deoxidise 
the indigo to supply that lost. The alkaline solvent also undergoes change, so there 
must be sacceuive additions of indigo and alkali . toe princl^ attention of the 
oyer la toe maintaining the proper relation of these matters, as too much or too little 
or either is iq]nnoos 

Sulphate ot indigo forma an intense bine solution, unaffected also by mordants. 
Vegetable atuffs dipped in tbia retain no dye, for the washing off toe neid in order to 
preserve the fibre removes toe colonr; but animal fibre, such as woollen and silk, 
becomes dyed , a portion of the blue remains upon the stuff after washing off the acid, 
being retained by capillary attraction. This dye is termed Saxon bine, bat it hot very 
little of toe permanence of indigo or vat blvt, although it is also a aubstantive colonr. 

Another truly aabstantive colonr is that dyed by carthamna or aafllowcr, but the 
fixation of tins dye npon toe stuff differs from anx of those referred to. Like indigo. 
It has no tflinity for any base or substance capable of forming a mor^t ; its aoWent 
18 an alkali, but in this dissolved state it does not form a dye. tHie mode of 
proceeding in dyeing with earthamos is first to extract the dye from the vesetable 
VoL.a K 
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111 which it if foand, bv foda or fMitaih, which if kftorwirdf nantralifed by an acid 
piwvlouf to dyf'ia^, which renders the eolour intoluble, but in so fine a state of division 
that no prociiMtation can be seen for some time and the stuff immersed in this imbibes 
the colour within its fibre, its lightness assisting this action, as the precipitate will 
remain siwpimdcd in water for days bcfoni it will subaidc. VeMtable fibre takes up 
this dye as easily as animal, but whether by an attraction fir the sti^, or by a 
inecliaiiiral capillary attraction of the fibre ia not ao easily determined. A piece of 
■tuff auaiiendod in a veaael filled with water, having in It tome insoluble cartbamine, 
all the colouriug particles will flow to and combine with tbs fibre ft-om a considerable 
distance, giving a proof of the existence of some force drawing them together. 

Such then an* the various conditions and principles involv^ in the processes of 
fixing the dye within or upon the stuff. 

During the operations of dyeing there are certain circumstances which hsee to be 
atteiidnl to. in order to facilitate and «fli*ct certain hues or tints of colour. Thus, 
with many of the colouring substances, heat not only favours but is necessary for 
the solution of the dye, and also its oombinattou with the stufl* or mordant. Decoctions 
Ilf wihkIb lire alwava made by hot water, and the dyeing proceaai^s with decoct tons are 
in hot liquor. When the colouring matter of quercitron bark is extracted by boiling 
H.'itcr, the colour produced upon the atufi* will be a rich ambtT yellow, but if the 
extract be made by water at 180 ^ Fabr., a beautiful lemon yellow will be the dye pro- 
duced by it, using the same mordant in each case. Colours dyed by madder and 
IVirwood must bi* done at a boiling heat daring the w hole process, or no dye ia effected. 
Sumach, aiiotlicr ostringeut substance, is moat advantageously applied at a boiling 
heat; and in order to have a large body of this d>e fixed upon the stuff, it should be 
immcnk*d in the liquor while hot and allowed to cool together, during which the 
tannin of the dye undergoes some remarkable change in contact with the scuff. 
Muffiowor dyes ore kept cold, so are tin basi*s, IVussian blues, and chrome yellows: by 
applying best to the last a similar result is effected to that with hark; instead of a 
lemon yellow an amber yellow will be obtained. Almost all colours are affected less 
or more by the iem|)orature at which they are prodneed. Some mordants are fixed 
upf>n the stuff by beat, such as acetate of idiimina, the stuff being dried from a solution 
of this srtU at a high temperature loses pnrt of the acid by being volatilised, and there 
remains upon the fibre an insoluble suboxide, which fixes the dye. These remarks 
res{»ecting the metluKls apply more fiarticularly to vegetable stuffs, as cotton, and in 
many rases also to silk, but wool is always dyed at a high beat. Although wool 
seems to hn\e a iniieh greater alwoibmg power than cotton, the latter will fihsorb and 
bivoiiie strongly d>cd in a cold dye bath, in which wool would not be affected ; but 
apply lie.it and the wool will be deeply d><*d, and the dye much more permanent than 
the cottou. 

'I'he permanence of colours is another property to be carefully studied by the 
]uactical dyer, as the colour must not be brought under circumstances that will 
de^tro) its piTiiiaiicncy during any of the operations of the dyehouse. The word 
|N*rninneiit, however, does not mean /(Ut, which is a technical term applied to a colour 
that will resist all ordinary operations of destruction. As for instance, a Prussian 
blue is a |HTiiianent colour but not a ihsC colour, as any alkaline matter will destroy 
It, or a common black is permanent, although any acid mutters will destroy it ; 
while Turkey red is a fust colour and not affected by either acid or alkaline matters. 
A few of the eireumstsncei nffccting o douni in the processes they are subjected to may 
lie referred to in this plai'e. If, for instance, the air in dr) iiig the dyed stuff in a 
hot chamber be moist, there is a great tendency to the colour being impaired in 
these circumstances. For example, a red colour dyed with safflower will pass into 
brown, a Prussian blue will paw into a grey lavender, chrome yellows take an amber 
tint Mostly all colours are affected leu or more by being subjected to strong heat 
and moisture; even some of those colours termed fast are affected under such 
circumstances. A dry heat has little or no effect upon any colour, and a few colours 
are made brighter in their Mnt by auch a heat, as chrome orange, iodigo blue, on 
cotton, &C. 

Some of thdnffects of heat and moisture differ with different stoff; thns indigo 
blue iiiKin cotton is not so much affected as indigo blue upon silk, while safflower red 
111*011 cotton will be completely destroyed before the same colour upon silk will be 
perceptibly affvcteiL The same colouring matter fixed by different mordants upon 
the same stuff is also differently affected under these conditions. 

l/ight » another agent eflfecting a great influence upon the permanence of colours, 
which should be also considered by the dyer. Reds d}r«d by a Brasil wood and a 
tin mordant, exposed to the light, become brown; Prussian blue takes a purple tint ; 
vellow Ix^comes brownish ; safflower red, yellowish, and these changes are fiwilitated 
by the presence of moisture ; such as expoung them to strong light while drying flrom 



DYEING. 131 

the dye beth, either oat or within doon. The direet nje of the iiu destroy ell 
dyed coloan ; even Turkey red > lolds before that iiteucy. 

BoUing Wae formerly prescribed in France as a ten of Ibst dyet. It consisted m 
putting a sample of the dyed gotnls in boiling waUr, holding in sUotion a determinate 
quantity of alum, tartar, soap, and vinegar, £c Dufay improved that barbarous test. 
He considered that fast-d>ed cloth could be recognnu^ by resisting an eapusure of 
twelve hours to the sunshine of summer, and to the midnight diwsi ^ of sixteen da) s 
in winter. 

In trying the stability of dyes, we may offer the fbllowin^ rales — 

That every stuff should be exposed to the li^t and air i if tt be intended to be 
worn abroad, it should be exposed also to the wind and ram i that oarpeti moreover 
should be subjected to ftriotion and pulling, to prove their tenacity { and that cloths 
to be washed should be exposed to tbe action of hot water and soap However, such 
tests are not at all applicable to moat of tbe oohMHi dyed upon cotton stuff Mot 
many of them can stand the action ot hot water and soap, or even such acids as the 
Juice of fhnts. Indigo blue, one of the moat permanent dyea on cotton, yielda Ua 
intensity to every operation of washing, even in pore water. 

Delaval’s observations on the nature of dyes may be thus summed op In tran- 
sparent coloured aubstancea, the colounng substance does not reflet t anV light , and 
when, by intercepting the light which was transmitted, it la hindered nwm pushing 
through substanoes, they do not vary from ^cir former colour to any other etilour, 
but become entirely black; and he inatanci.! a considerable nom^r oi coloured 
liquors, none of them endued with rtfltctivc powers, which, when seen by transmuted 
light, appeared severally in their true colours , but all of them, when seen by incident 
light, appeared bls<k ; which is also the case of black cherries, black currants, black 
berries, &e., the juieea of which appeared red when spread on a white ground, or 
otherwise viewed by transmitted instead of incident light ; and he condudes, that 
bli ached linen, &c. **when dyed with vegetable colours, do not difier in their 
manner of acting on the rays of light, from natural vegetable bodies , both yielding 
their colours by transmitting, through the transparent coluured matter, the light which 
IS leflected from the white ground.'* it being apparent, from different erMriments, 
^ that no reflecting power ri aides in any of tbtir comiHinouts, except in tneir white 
mattei only," and that transparent coloured substances, placed in situatKina by which 
trananiiMion of light through them is intercepted, exhibit no colour, but become 
entirely black " 

The art of dyeing, therefore (according to Mr Delaval), ** consists principally in 
covering white substances, from which light is strongly reflected, with transparent 
coloured media, which, according to their several colours, transmit more or less 
copiously the rays reflected from the white,” since " the transparent media them- 
Bilves leflect no light , and it is evident that il they yielded their colours by reflect- 
ing instead of tiansuutting the rays, the whiteness or colour of the ground on 
which they are applied would not in anywise alter or afleet the colours which they 
exhibit " 

But when anv opaque bans is interposed, the refli ction is doabtleM mado by it 
rsthcr Uian by tbe substance of tbe dyed wool, silk, ftc , and more especially when 
such basis consists of the white earth of alum, or the white oxide of tin; which, by 
their strong reflective powers, greatly augment tbe lustre of colours There are, 
moreover, some opaque colounng mattei a, particularly the acetous, and other solu- 
tions of iron, osed to stain linen, cotton, &o , which must neceisaniy themselves 
reflect instead of transmuting the light by which their colours are made perceptible. 

The compound or miaed colours are aucb as result from the oombination of two 
differently coloured dyi stiifTs, oi fkom dyeing stuff's with one colour, and then with 
another. The aimplc colours of the dyer are red, yellow, blue, and black, wiUi which, 
when skilflilly blended, be can produce every vanety of tint Perhaps the dun or 
&wn colour might be added to toe above, ns it la directly obtained from a great many 
vegetable aubstances. 

1. Bed with yellow, produces orange ; a colour, which upon wool is given usually 
with the spent scarl^ bath. To this shade may be referred flame colour, pome- 
granate, capuchin, prawn, jonquil, rosns, chamois, eafi au lout aurora, marigold, 
orange peel, mordores, cinnamon, gold, &c. Snnff, obestnut musk, and other abaden 
are produced by anbautating walnut peels or sumach for bright yellow. If a little blue 
be added to orange, an olive is obtained The only direct orange dyca are annotUb 
and aobchTomate of lead. See Silx and Wool Dteiko. 

Tbe latter la never oaed fbr dyemg orange upon silk and wool, while the former ie 
now never used for cotton. An orange with aonotto la very fimitive, even n|> 0 D the 
ammal fibre ; bat mnebmore ao upon cottonp Subehromate of 1^ ii prodno^ upon 
cotton by dyeing it fint a deep chrome ydlow by acttate of leed and biehromate of 
potaih, aa already noticed, and then pacaiog the staff so dyed tkmgk a hot solutum 

Eg 
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nf nil alkali or liiaa, wbi^li ohan^ (he dye from (he yellow chromate to the state of 
•ubchnnaatCt which is deep orange 

8 lied with bine produces purple, nolet, lilac, pigeon’s neck, mallow, peaoh- 
bloasom, hfeu de roi, Imt-blossom, amaranth 

1 Inis a Prussian bine dyed oeer n safll mcr red, or wee eered, will produce any of 
thcs< tints b> varying the dipth of the red and blue according to the shade rc«(uirid , 
but the sami aha^s can be produced direct bv logwood and an aluminous or tin 
niordsnt, the stuff being steeped in sumach liquor ptevions to applying the tin 
inonlaiit produces the reddish or purple tint when such is required 

I liid with black brown chocolate maroon, These unts are produced by 
various procisstw To dye a deep orange by annotto liquor, and th< n form over it a 
black by suitiaih and sulphate of iron, gives a hioan i or dye the stuff first a neb 
yellow by quercitron and atm mordant, and tin n ovt r the yellow produce a purple by 
passing it through logwood , choeolates arc thus pri^iici d A little llraril wood w ith the 
logwood girt*! more of the nd element Whin maroon is required, the rid is iiindt 
to prevail, and to by a judicious mixture, these various tints are produced Brown, 
cspiLittlly iiiMin cotton fibre, is more often proluetd direct by means of cahcliu. 
Stiip till stuff in a hot solution of catechu, in which the gummy principle has hi in 
destroved hy the addition of a salt of coftper , then pass through a solution of hiihro- 
iiiatc of potash at boiling heat, when a iich brown is obtained 
4 \ iilow with hliie gricn of a great Tariity of shades , such as nascent green, gay 
Itrieti, grass gnm spring green, laurel green, sea green, et iadon green, parrot green, 
cihliage grtin, apple* gieen, duck grcin 

One II IS esaciitiallv n mixed dve. and pr kIiicccI hy dy< mg a blue over a «ellow or 
a yellow ovc r a blue In almost all coses flu hltie is dyed first, and then the yellow, and 
aceoreliiig to the depth of each or any of these are the various tints of green produced 
M'lth Bilk and wool, one kind of green dye may bo produced siiniiltaneoiisly hy 
putting sulphate of indigo into the yellow dye bath, and then working the previously 
prepniid or mordanted stuff in tins With cotton, an arscniteof copper (Sclicele s 
green) may be produced hy working the stuff in a solution of arsenite of potish or 
•oda and then in sulphate of copper, which prmluces a peculiar tint of green 

'i Mixtures of colourr three and three, and four and four, piiKluce an indefinite 
dl\trsit> ot tints thus led yeMow and blue form blown olives and greenish gre >s, 
in wliieh the blue dye ought alwaes to hi first given, lest the indigo vat should he 
toiled hv other colours oi the other colours spoiled h\ the alkaline \etion of the \at 
Red, yellow and grey (which is a giudsfion of black) gist the dead leaf tiitU as well 
as (lark orange, ttniff col ur, Ac Red, blue and grey gi%e a east variety of tliiides i 
as leal gres, sluu grey, wood pigeon grey, iiid oilier colours too numerous to 
sjHCify Nee Huown Dvi 

Care must he Cikeii howeicr in mixing these colours, to study the depth of the 
tnt required as, tor instance were we wishing to dye a slate grey and to proceed 
first by dyeing a blue then a red with a little of the grey we would produce, msteiul 
ot a slate gray, a purple or |Mac]i 'J he arrangement referred to, applies only to the 
t Icniint^ of the colours that enter info the composition of the vanous tints, so that a 
slate grey is a blue with a small |Kirtioii of red and a still smaller portion of the black 
element, that produces the grey tint Tbos dye the stuff first a deep sky blue by the 
vit then by passing through a solution of sumach, with a small quantity of logwood, 
Brasil wood, ooppeins and alum gny will be produced The lliazil wood glees the 
nd lint, sumach and eopperos the block tint, the logwood sssistingin this and with the 
iiid of the alum throwing in the i uce or elo\c neck hue and thus by the vaiiation of 
these hues by such arrmgements any of the grey tints can be produced See Cai leo 
PttlVIIVC 

In dyeing silk and wool with Antumf colours no mordant is required Solution 
in a suitable solvent (acetic acid or alemhoJ) is ail that is necessary In the case of 
the Miaiiiline salts, bowceer, a neutral solution and a temperature not exceeding 
ISO** I- IB rcipiisite See the articles telatnig to ANiiXNb 
In dyeing vegetable fibies, albumen, glutin, gclatmi, casein, tannin or Unnic 
acid &c art uBedJ|||taordantB 

In printing witfflRse colours the proceas is the same as m the ease of steam 
colours Either the mordant is first pnnted on the fabric, which is then steamed 
and dyed, or the colouring matter is thickened with the movant (albumen, &c ), the 
fabric dyed with thia and then steam d so as to fix it 

An hne Blark has been quite recently produced hy the direct oxidation of aniline 
on oottm fibre A mixture consisting ot an aniline salt, ]>ercblonde of copper, aud 
chlorate of potash is printed on the cotton, which is then evpostd to an atmosphere 
of ste »m A ft» r some time a black is developed. 

l>veing and pniiting have undeigone a considerable change through the intro- 
duction ot these dyes Ihe colours produced are more brilliant tlian tormerly, and, 
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tinee the use of mordants has hetn almost dispensed with, the proct^svcs are vt ry 
much shutter. The styles and patterns have undergone a msrked change. 

These dyes, howeeer, hate not yet supplanted the use of d>ewoods and the other 
colouring matters formerly in use. They are not so permanent, and at the same 
time they are much more expensiee. But continued improrements in the modes of 
producing and applying these dyes will no doubt greatly advance and develops their 
commercial importance. 

The following figures show the rapidity with which anilins and its derivatives 
have fhllen in price during the last few yean» and thus give an idea of tlieir rapid 
industrial development: — 


Yrsr. 

AnIlliM, per 
Vomd, 

AnIUns VIolat 

"far 

Mauv* Alroliohc 
bulutli n. psr 
flAlltHI. 

MMg«»nU Alco- 
holic (wiliitlnn, 
|if>r (jAllofi. 


i. d. 

M 

•. 

t. 

1860 . . • - 

14 0 

40 

120 

120 

1866 - - - - 

1 6 

10 

45 

12 


Aniline Blue in 1862 was \\l per lb. ; in 1866, 2/. per lb. 


DYER'S ALKANET, Alkanna Unetoria. See Aleamet. 

DYER'S MADDER, Rubia itnetorium. See Maddbb. 

D Y EK'S OAK, Quereue it^ferturui. See Galls and Oab. 

DYER'S ORCUELLA WEED, RoectUa Unetana. See Archil. Orcrhlla. 

DYER'S SAFFLOWER, or Baiitard safhron. Tho Carthamue tinrtonue. The 
flowers are of a deep orange oolour, but they are used for dyeing various shades of 
red. The flowers of the oarthaoius are employed in Spam for colouring dishes and 
confectionery. See SArvLowsa. 

DYER'S WOODROOF. Aeperula tineloria. The roots of this plant are used in 
some parts of Europe, particularly DalmaUa, instead of madder for dyeing wool and 
(loth of a reddish oolour; but in bulk the crop obtained is inferior to that of the 
inadder.«-/.die«oii. 

DY'SODILE. A combustible mineral found in secondary limestone, at Mclili, 
near Syracuse, in Sicily. It is extremely fragile, and has an argillaceous odour when 
breathed on. It bums with a orackling noise, and considerable flame, and much 
smoke, giving out a fatid (•mcll, whence it has acquired the name of Stercus Bmholior 
Merda del Diavoh in Sicily. It is also found in some paru of France. {Brietow, 
Gloeaary of Mineralogy), A kind of dysodile has been found in Tasmania, and 
hence sometimes call^ TVismanite. 

Tasmanite is a material of organic origin, found in Tasmania, described some- 
times as resiniferouB or combustible shale ; it is distinctly Isminated, the organic 
matter, which occura in scales, being disposed in planes parallel to the lamination, and 
]irobably causing it These scaleH are of a reddish-brown colour, and form fVoin 
;)0 to 40 per cent, of the rock. The average diameter of the discs is about '03 of an 
inch, while their thickness at the centre is aometimes as much as '007. As none of 
the ordinary soUents of resinoids seemed capable of dissolving out the carbonaceous 
constituent of the mineral, the following plan of effecting the separation was adopted . — 
A large quantity of the mineral was crushed to a coarse powder, plao^ in a 
Phillip’s precipiuting glass, and strong hydrochloric aoid imured upon it. A trace of 
carbonic anhydride was thus set free friim the small quantity of carbonate of calcium 
present, while the alumina and ferric oxide of the mineral were partiy ^ssolved. 
These actions break up the mineral, and the * scales ' mostly became diaengaged and 
floating, owing to the high narity of the hydroohloric soluUoo, which had been 
further increased by the addition of chloride of calcium. The scales were collected 
by a atralner, and repeatedly waslied by decantation, the inorganic matter being 
r^uced to a minimum. The substance thus prepared presented eueh remarkable 
distinct chemical and physical charactera as to lead to its reeciving a distinct name. 
When Tasmanite ia heated in the air it bams readily, with a very smoky flame and 
offensive odour. Submitted to destructive distillation, it ftises partially, aud yielda 
oily and solid products of a disagreeable smell, reaembling the odoor M Canadian 
petroleum. Qualitative analysis of Tasmanite showed it to eontain a large quantity 
of carbon and hvdrugen, and a considerable portion of anlphur. It was fimnd im- 
possible to ftee me epeeimens completely mineral imparities, even with the most 
careflil mechanical treatment The snlphnr detected waa an integnl part of the 
oariKnaoeoiu matter itself, and not owing to the presence of an inorganic enlpliide or 
•nlphate ; this was proved in several ways, and waa farther oonflrmed by the obcerva^ 
tion that the more completely the mineral matter had been renmved, the more snlphnr 
was found in the specimen of Tasmanite operated upon. ^ 
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RAGLE WOOD. (Dm ^Aig!tt Fr.) The AquUaria Ufalacetnait or Ovtti. The 
wood of commeroe i sn eiee^ingly aromatie wood, much need in liindoetao 
and In nil Mohammedan and ('atholio coantriiw for fumigation and incenae. The 
tri*(W, Wlongiiig to the Ayuthnacetf, aiv nativea of tropical Aaia. 

KARTilENWAilE. 8< e Pottkht. 

EARTH NfTT. Ararhin A leguminous creeping plant, native of 

India, South Africa, and South America. It is cultivated in North America and 
Hoiithcm EuroiM! 

EAR'l'II NliT OIL Huite tTArarhide. fitiHe de putachf de tfrre. ErdnumBl, 
The oil riprcased from the earth nut by cold pressure. It is nearly colourless, and 
has an agreeable odour. It is used for culinary purposes insti'ad of olive oil, hnt h 
Is liiible t4> become rancid inueli scKmer. The hot pressed earth oil is eoUmred and 
has a disagreeable taste and smell. A soap made from the oil of earth nuts is 
manufactured in France, and to some extent in Germany. 

EARTHS ( TVires, Fr. \ Krden, Germ.) it has been demonstrated that the sub* 
stances called F.urths, and which, prior to the electro-ehc^mical career of Davy, were 
deemed to he elementary bodies, are all eompouuds of certain metallic bases and 
oxygen. Fire of the earths, when pure. posMws dcctdi‘d alkaline properties, being 
more or leiw aoinble in water, havinff (at least three of them) an acrid alkaline taste, 
changing the purple Jnfhsion of red cabbage to green, mocC readily aaturating the 
acids, and affonling thereby iieiitro-snline crystals ; these are Aaryla, ainmha, iime, 
( ra/na\ muffnrsta, and /ifAra. The earths pro|>er are a/umtna, p/urma, ptiria, xtreonMt 
and ihortha ; theae do not change the colour of infnaion of cabbage or tincture of 
litmus, do not reiidily neutralise acidity, and are quite insoluble m water. 

E A IITII Y Gi 1 11 A LT. See W an. A manganese ore, m which the oxide of cobalt 
•onietiiues amount«i to thirty-three i>er cent.— J)ntia, 

E A RTH Y M A NG A N KSE Sec Wai> and M AKOAirKflB. 

EAST INDIA ULACK WOOD The Sit KM of the untives of India. The Dai- 
Aerpia iat{iUta. It is a wckkI of a greenish black colour, with light coloured veins. It 
takes a tine polish, and is very lieavy. 

K A i I DE COL( >G N K. See pKurimsRT. 

EAIT DE LUCE. See PKiiFirMhHY. 

KUONri'E. A name given to vulcanised Indian rubber. The procesa af manu- 
facture has been fully descnberl under its proper heading. EWnite has been 
applied almost to every kind of small ornamental manufacture. Alkrge trade is done 
in iiiiltaciona of jet oniumeuts made of it. It it also used ibr eleotrieu machines and 
apparatus. See Caoi7Tchouc. 

EliONY. Of this block wood three kinds are imported 

7Yif MauniittM Ehmip, which is the blackeit and finest grain. 

The Kaai /mdtan which is not of so good a eolour. 

7'Ae African £h*mpt which Is porous and bad in point of colour. 

The ebony of the Mauritius is yieldied by the Dvwpyna Ebmue. Colonel Lloyd 
Bays, that this ebony when first cut la beautifully sound, but it splits like all other 
woods from neglecttbl exposure to the sun. The workmen who use it immerse it in 
water as soon as it is felled fbr fromsix to eighteen months; it is then taken out, and 
the two ends an* secured from splitting by iron rings and wedges. Colonel Lloyd 
considers that next to the Mauritian the ebony of Madagascar is the best, and next 
that of ('ey Ion. 

'I'be Manritiua ebony is imiKirted in round sticks like scaffold poles, about fourteen 
inches in di8uieteiff|^'lie East Indian wte^ comet to ns in Iom ts large as twenty- 
eight inches diamAff» and also in planka. The Cape of Good Hope ebony arrives la 
England in billets, andiscallsd Mllet wood, from about three to six feet long, and two 
to four inches thick. 

The uses of ebony are well known. 

U'Aite Ehonp comes from the Isle of France^ and is mnoh like box wood. See 

OaxfiK EtkoNY. 

EBULLl HON. (Eng. and Fr. ; JTocAca, Germ.) JToihsp. When the bottom of 
an open Yesiel containing water if exposed to beat, the lowest stratum of fluid imme- 
diaiely expands, becomes therefore speoiflcally lighter, and rises through the colder 
and heavier particles. The heat is in this way dififiised through the whole liquid 
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matt, Dot bj timplc comoiDDicalionof tbat power from ptrticio to particle m in aoltda* 
— called tibe dmatteikm of caloric, •but by a trantlatiou of tbc aeveml partielea from 
the bottom to the top, and the top to the bmtoro, in regular aueoeuion. This ia demn 
mioated ibe rarrytap powera of tluida, being common to both liqiiid and gaaeoua bodiea. 
These internal movomenta may be rendered varj conspicuous and inatructiee. by 
mingling a little powdered amber with water, eontaiiied in a tall glasa cylinder, ataiid- 
ing upon a aand-batli. That thia mulecnlar tranalation or locomotion ia almoat the 
Bolo mode in which fluids get heated, may be demonstrated by placing the middle of a 
pretty long glass tube, nearly filled with water, obliquely oeer an argind flame. The 
upper half of the liquid will soon boil, but the portion under the nioiUe will continue 
cool, so that a lump of ice may remain for a eouaideruble time at the bottom* When 
the heat is rapidly applit'd, the liquid is thrown into agitation, in eonaequence of 
elaatie eapour being anddeiily generated at the bottom m the veaaal, and being as 
suddenly condensed at a little diatanee aboee il bg^the aurronOding eold coiuniu. 
Th^ alternate cxpantioni and contractions of volume become more mtuifeat as the 
Uqnid becomes hotter, and constitute the simmcnap, vibratory sound which ia the 
prelude of ebnllltion. The whole mass being now heated to a phoh compatible with 
Ita permanent elasticity, becomca turbulent and capioaivo under the continued in- 
fluence of fire, and emitting more or leas copious volomes of vapour, la said to Imil. 
The further elevation of temporatnre, by the influence of caloric, becomes iinpoaBible 
in these circumstances with almost all liquids, because tbc vapour carries otf from 
them as much heat in a latent state as they are capable of receiving from tlie Are. 

The teniperiture at which liquids boil in the open air varies with the degree of 
atmospheric pressure, being higher as that is increased, and lower as it is diminiahefl. 
Hence boiling water is colder by some degrees In an elevated aituation, with a de- 
pressed barometer, than at the bottom of a ooal-pU Ift fine weather, or, when the 
burometer is elevated. A high oulunm of liquid alaOk by reaistiDg the discharge »f 
the steam, raises the boiling point Aa we aacend from the sea level, the boiling point 
becomes lower, the following table illustrates this. 


Farm of Antiaana 



YnnU 

high. 

4488 

InehM af 
preMurc. 

17*87 

BolHni 

tMiiit. 

187*.34 

Quito 




.3170 

20*74 

194*18 

Mexico 




2490 

22*62 

198*14 

St. Gotbard 




2302 

2802 

109 22 

Briao^'on • 




1423 

25 39 

203*9 

Monte Dore 




1136 

26*26 

206*7 

Madrid 




669 

27*72 

208*04 

Moscow 




328 

28*82 

210*2 

Lyons 




177 

29*3.3 

210*92 

Paris 




71 

29 69 

211*46 


NichoL 


In vacuo, all 1i<|md8 boil at a temperature about 124° F. lower than under the 
average atmospheric presanre. For a table of vlaaticitiea, see Vapova. Oay-Luosac 
has shown that liquids ore converted into vapours more readily, or with leas turbu- 
lence, when th «7 are in contact with angular or irregular, than with smooth aorfacea t 
that they therefore boil at a heat 2 F. lower in metellic than in glaos vesaela, pro- 
Ubly owing to the greater polish of the latter. For example, if into water about to 
boil m a glass matrass, iron filings, ground glaaa, or any other insoluble powder be 
thrown, such a brisk ebullition will be instantly determined, aa will sometimes throw 
the water out of the vessel ; the temperature at the same time sinking two degrees F. 
rhe followiBy toble exhibits the boiling beat, by Fahrenhett*s scale, of the most 
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Ether, specific gravity 0*7365 at 48° 







Carburet of sulphur ... 



m m 




do. • 



Graham 




Alcohol, sp. grav. 0*818 ... 



lira • 




Nitric aciii, do. 1*500 - - • 



Dalton 




do. do. 1*42 - . . 

Water • - - • - 



Graham 




Saturated aolntion of Glauber salt • 



Isioi - 




do. do. Acetate of lead 



do. - 




do do. Sea salt - 



do. - 




do do. Muriate of lime 



Dm . 




do. da ] 

L4water S 

do.- 





10(1 

IIB 

118 

17.3*9 

210 

248 

212 



flflO 



136 
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flaturaled solution of muriate of lime, 99*5 4 wafer, 64*5 tJre 



2.*l.5* 

Ammonia • 


• 


Graham 



140 

Cristallised chloride of ealeium - 

- 

• 

do. - 



,902 

thauratvd solution of muriate of lime, 40*5 4- water, 59*5 Ure 



fl40 

Moriatie acid, 

ip. grav. 1*004 



Dalton • 



192 

do. 

do. 1*107 



da 



222 

Nitric acid. 

do. 1*420 - 



da 



248 

do. 

do. 1 8(1 



da 



296 

llcctifliNl petroleum - • . . 



lira . 



.906 

Oil of turpentine .... 



da 



.910 

fluiphuno noid, ap. gray. 1*848 • 



Dalton - 



600 

d(K 

do. 1*810 - 



do. 



473 

do. 

do. l*7t^O • • 



do. 



4.95 

do. 

do, 1*700* • - 



da 



374 

da 

da 1 ‘G.jU • 



da - 



350 

do. 

do. 1*520 . 



da 



290 

da 

do. 1*408 - 



do. 



260 

do. 

da 1 '3(M] - 



da 



240 

PluHiphoros 

m m m m m 



da 



5.'‘.4 

Hiilphur - 




do. 



.970 

Linseed oil 




da 



640 

Whale oil . 




Graham 



6.90 

Mercury - 




Diilong 



662 

do. 




(Brighton 



656 

Baturuted solution of acetate soda, containiug 60 per cent. Griffiths 



256 

da 

Nitrate of soda, 

60 


do. 



246 

do. 

Roohtdle salt, 

60 


do. » 



240 

do. 

Nitre, 

74 


da 



238 

do. 

Muriate of ammonia, 

60 


do. 



236 

da 

Tartrate of potash, 

68 


do. 



234 

do. 

Muriate of soda. 

30 


do. 



224 

do. 

Sulphate of mogneaio, 

57*5 


do. 



222 

do. 

Korux, 

52 5 


da 



222 

do. 

Phosphate of soda, 

? 


do. 



222 

do. 

Carbonate of soda. 

? 


do. 



220 

do. 

Alum, 

52 


do. 



220 

do. 

Chlorate of potash. 

40 


do. • 


. • 

218 

da 

Sulphate of copper, 

45 


do. 
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KfiULLlTION ALCOIIOLMETKR Thnt the boiling tempertture of water if 
Increaeetl by holding neutro-saline and Daccharine substances in solution has been long 
known, and has been the subject of many ex|>eriments, made partly with the riew of 
aacertnining fixmi that teiiiperatiire the proportion of the salt or sugar, and partly with 
the view of obtaining a practical liquid Wh. But it seems to have been reserved for 
the Abbe l)roMard> Vidal, of Toulon, to have discovered that the boiling temperature 
of tilcoholic liquors is, in most cases, proportional to the quantity of alcohol, irrespec- 
tively of the quantity of neutro-saline or saccharine matter dissolved in them. When, 
however, such a quantity of dry carbonate of potash, or sugar, is added to a spirituous 
liquor as to abstract or fix in the solid state n portion of the water present, then the 
boiling temp<‘rature of that mixture will be lowered in proportion to the concentration 
of the alcohol, insWad of being raised, as would be the case with water so mixed. 
But, generally t|)eakiiig, it may be nssumed as a fact, that the boiling point of an 
alcoholic liquor is not altered by a moderate addition of saline, saccharine, or extrac- 
tive matter. On this principle, M. Brossard- Vidal constructed the instrument repre- 
sented in 684. for determining by that temperature the proponion of alcohol 
present His chief ol]i)ect was to ranuu the revenue biiards of France with a means 
of estimating directly the proportion of alcohol in wines, so as to detect the too 
common practice of introdooing brandy into their cities and towns under the mask of 
wine, and therri|ftnommitting a ihiud upon the octroi ; as the duty on spirits is much 
higher than oinnttes. 

I'he above instrument consists of a spirit-lamp, surmounted by a small boiler, into 
which a large cylindric glass bulb is plunged, having an upri{fht stem of such calibro 
that the quicksilver contained may, by its expansion and ascent when heated, raise 
before it a little glass float in the stem, which is connected by a thread with a aimilar 
glam bead, that hangs in the air. The thread passes round a pulley, which tnming 
with the motion of the beads eansee the index to move along the graduated elrcidar 
Mile. The numbers on this scale represent per centages of absolute akohoU to that 




Tt consiats, 1, of a flat ipirit-lamp A, lorroaDded bj a aaoeer for contoioing 
cold water to keep the lamp cool, ahould man^ experimenU require to be made in aur* 
ceaaion ; 2, of the boiler Bf which file by ita bottom cage c, upon the eaae of the 
lamp. At the point c, la seen the edge of the damper-plate for modifying the flame 
of the lamp, or extinguiabing it when the experiment ia completed, d ia the thermo- 
meter, made with a eery minute bore, in the manner of the Her. Mr. Wollaaton'a in- 
etrument for meaauring the height of a mountain by the boiling point of water on ita 
aummit The bottom of the a^e in the ebullition tbennometer, ia marked p for 
proof on the left aide, and 100 (of proof spirit) on the right side. It coiroaponds 
to 178 6 Fahr. very nearly, or the boiling point of alcohol of 0*920 apeoifle gravity. 
The following table gives the boiling points correaponding to the indteatM densities . — 


Tmp Fahr. 

SpselSc grsvitf. 

Temp. Fahr. 

SprdSc srsf Itjr 

178*6 

. 0*9200 

P. 

185*6 

. 0*9665 

50 U. P. 

179*75 

• 0 9121 

lOU.P. 

189*0 

. 0*9799 

60 „ 

180*4 

- 0 9420 

20 „ 

191*8 

. 0*9786 

70 „ 

181*0 

- 0*9516 

ao „ 

196*4 

- 0*9850 

80 H 

18«q*4 

- 0960 

40 « 

202*0 

. 0*992 

90 „ 


The above table ia the mean of a great many experiments. When alcohol is 
stronger than 0 92, or the excise proof, its boUmg point varies too little with its 
progressive increase of strength to render that test amicable in practice. In fiud, 
even for proof spirits, or spirits approaching in strength to pi^t a more exset 
indicatkm may be obtained by diluting them with their own bulk ttf water, before 
aaeertaining their strength and then doubllag it. 

The boiling point of any alcoholio liquor is apt to rise if the heat be longoontinned, 
and thereby to lead into error in using this instrument This souree of lUlacy may 
be, in a great measure avoided by aUing to the liquor in the lit^ boiler aixmt a 
teaspoonftil (thirty-flve grains) of common eolinaiT sut^ whidi has t^ enrioos effeet 
of arresting the mercury in the thermometer at the tras boiling point of the spirit, 
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wine, or beer, to eoible n correct rending to be bid. The mnll meninre mirked ■ 
hold! the reqe&eiit quantity ef aalt 

The thermoveter la at flnt adjuated to an atmoapherfe |ireaaare of 29*5 inehea. 
When that preaeure la higher or lower, both water and alcohol boil at a aomewbat 
higher or lower temperature. In order to correct the error which would hence 
ariio in the Indicationa of thia inatrument under different atatea of the weather, 
a harunietricnl equation la attaohcd, by meaoa of the aubaidiary acalc n, to the ther- 
mctmeirr d. 

Having atated the prinoiplea and the conatniciion of the ebullition of the alcohol- 
meter, 1 aball now daacribe the mode of its application. 

Fi rat— light the aplrit lamp a. 

Second.— Charge the boiling Teuel n, with the liquid to be t rated (to within an 
inoil of the top), introducing at the aame time a paper of the powder { then place the 
vraael n (the Umper plate teing withdrawn) on to the lamp a. 

Third. — FUe the thermometer n on the atem attached to b, with ica bulb immeraed 
in the liquid. The proceaa will then be in opiTation. 

The barometrical scale indicated on the thermometer ii opposite the mean boiling 
point of water. Prior to commencing o|M>ration8 for the day. charge the boiler a 
with water only, and da the instrument as directed ; when the watef boils freely, the 
mercury will become stationary in the stem of the thermometer, opposite to the true 
barometrical indication at the time. Should the mercury stand at the line 29*5 thia 
will bo’the height of the barometer, and no correction will be required ; but ahoulcl 
it aland at any other line, above' or below, then the Tariona boiling points will bear 
reference to that boiling point 

In testing spirituous or fermented liquon of any kind, when the mercury begins 
to rise out of the bulb of the thermometer into the stem, push the damper-plate half- 
way in its groove to moderate the heat of the dame. When the liquor boils fVeely 
the mercury will livcomc stationary in the stem ; and opposite to its indication, on the 
1^ the underproof percentage of spirit may be read ‘ off at once, if the barometer 
ataud that day at 29-5 inches; while on the right hand scale, the percentage of 
pr«M)f spirit la ahowu; being the difference of the former number from 100. The 
damper-plate ia to be immediately pushed home to extinguish the flame. 

The ilcoholineter will by iUelf only indicate the percentage of alcohol contained 
in any wine, but by the aid of the hydrometer, the proportionate quantity of sac- 
ohimm in all wines may be readil^jr and easily determined. The hydrometer will 
■how the apeciflo gravity of the liquid upon reference to tabic No. 1, annexed. In 
testing a sample of wine, first take the specific gravity, and suppose it to be 989, 
then charge the boiler of the alcoholmeter with the wine, as directed. Bud at the 
boiling point it indicates the presence of alcohol at 69*6 per ccnt.*’V>, whose specific 
gravity will be found to be 979 ; deduct that gravity fh>m the gravity of the bulk, 
or 989, and 10 will remain, which lo degrees of gravity, upon reference to the wine 
table, will be found to represent 2.5 lbs of aoccharine or extractive matter in every 
100 gallons, combined with SO^th gallons of proof spirit. 

8ikes*8 hydrometer will only show the ap. gr. of liquids lighter than water (or 
1000), and for wines in TOueral use, the ^vitiea being lighter than th.vt article, will 
answer every purpose ; but there are wines whose gravities ore heavier than water, 
such as mountain, tent, rich Malagas, Inchrymm Christi, &o., to embrace which 
additional weights to the hydrometer will bo required, as for eordiolised spirits, &c. 
In testing a sample of rich mountain, its sp. gr. was found to be 1039, or .39 degrees 
heavier wan water ; that wine at the boiling point iodicated the alcohol 72'.'} per 
cent.^'v* ; but 980 8p.gr. deducted fbom 1089 leaves 39 demes of sp. gr.; against 59 
of the wine tables will be found 147-5 or 147| lbs. of saccharine or extractive 
matter, combined with 27) gallons of proof spirit to every 100 gallons. 

Should the barometer for the day show any other indication above or below 
the standard of 29*5. the thermometer scale will then only show the apparent strength, 
and reference mnst be had to the small ivory indicator, e. it being the counterpart 
of the barometrical soale of the thermometer; thus, should the barometer indicate 
80, place 30 of the indicator against the boiling point of the liquid, and opposite the 
line of 29*5 wU^^und the true strength. 

SMmpIt at 80.— Suppose the mercury to stop at the boiling-point 

72**r*, place 80 m the indieator against 79 on the thermometer, and the line of 29*5 
will out 69*6**e', Uie true strength. 

. ExawmU 2.— •Barometer at 29.— Suppose the mercury to stop at the same point, 
72*‘V‘, place 29 of Uie indicator against 72 on the thermometer, and the line of 29'5 
will cut 74*3-*'v, the true strength. . 

For maM /tqiiors.— To all brewers and dealers in fermented liquors, this principle, 
by its applicatiuD, will supply a great desideratam, as it will not only show the aleonol 
ereated in the woit by the attenuation, os well as the original weight of the wort prior 
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140 EBULL1T10>^ ALCOHOLMETEB. 

No.S. 

TABLE, dKMrbif th# Ifai. of 8u^ per Gallon in tordialiaed Spiriui, with Per Ccntagca 
to be added to the indicated Strength, per the Aleobolineler. 



to fermentation, bat it will indicate the Talne of malt liquors in relation to their com- 
ponent parts. It will likewise be a ready means of testing the relative waiue of worts 
from su^ compared with grain, as well as being a guide to the condition of stock 
beers and ales. 

To ascertain t^atrength of malt liqaors and their respective values, the instrument 
hss been suppUMflth aglass sacoharometer, testing-glass, and slide-rule. Commence 
by charging themting^glaas with the liquid, then insert the sacoharometer. to ascertain 
iu present gravity or density per barrd, and at whatever number it floats, that will 
indicate the number of poundi per barrel heavier than water. 

* Example 1.— Suppose the saecharonietor to float at the figure 8, that would indicate 
8 lbs. per barrel ; then submit the linnid to the boiling test, with the salt as before 
directed, and suppose it should show (dm Inrometrical differences being accounted for) 
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Ml 


90****, that would be ^niTtlent to 10 per rent, of proof aleohol. Bdbr to the Hide rui«^ 
and pliM A on the elide egaioit 10 on the upper line of Bgiirre, and facing b on the 
lower line will be 18, thue ihowingnbat 18 Ibe. per barrel hare been decompoeed to 
Gonititttte that perrentage of spirit t then, bv adding the 18 Ibe. to the present 8 Ihs. 
|)er barrel, the result wiU be 86 lbs., the original weight of the wort after learing the 
cojM^r. 

Example 2 — The sacebarometer marks 10 lbs. per barrel, and at the boiling point it 
indicates 88"'»* equivalent to 18 gallons of proof spirit |kt cent { place a agmost 18, 
and opposite n will be 2 U lbs. per barrel, when, by adding that to the 10 lbs. present, 
aid lbs. will be the result. 

To asbertdta the relative va/ue.— Suppose the price of the 26 lbs, of beer to be 36s. per 
barrel, and the 31^ lbs. beer to be dOe. per barrel, to ascertain which beer will be the 
cheapest place 26 on the opposite side of the rule against 36, and oppflsite3l| Iki. will 
be 4Ss. 7d., showing that the latter beer is the cheapest by 3s. 7d. ^r barrel. 

By taking an acconnt of the malt liquors by this lostrament prior to stocking, it 
may be ascertained at any time whether any alteration has taken place in their condition, 
either bv an increase of spirit by after fermentation and consequent loss of saocbaruin, 
or whether, bv an apparent loss of both, acotons fermentation has not been going on 
towards the ultimate loss of the whole. 

This instrument will likewise truly indicate the quantity of spirit per cent created 
in distillers' worts, whether in process of fermentation or ready for tne lAiU | the only 
dilftiri'nce will be in the allowances on the slide-rule. 

N.B.— The saccharometers applicable to the fore({oing rnlea for beer, alei, &c., 
have been a4ittiled at the temperature of 60^ Fahrenheit, and will be found correct for 
general purpoaec) but where extreme minuteneas is required, the variation of tempe- 
ratine must be taken into areount ; therefore for every 10 degrees of temperature above 
GO, f||ihs of a ))Ound must be added to the gross amountfound by the slide-rule t on the 
contrsry, for every 10 degrees below 60, troths of a pound must be deducted. 

Ftir enrdiatieed iSptrttc.—Thc operation in this instance is somewhat different from 
that of beerh, which have the alcohol created in the original worU ; whereas, ih cor- 
(halis4*d spirits, gins, &e., the alcohol is the original, and the saccharine matter, or 
ttiigar, is an addendum. 

If 100 gallons of spirits are reqnired at a given strength, say 50 per cent under proof, 

gallons of proof spirit, with the addition of fifty gallons of water, wonld effect that 
object, and upon testing it bv the alcobolmeter, it would be found as correct as by tbo 
liydroroeter. But in cordialiiing spirits it is different, for to the .50 gallons of proof 
spirit 50 gallons of sugar and water would be added, thereby rendering the hydrometer 
useless, except for triting the specific gravity of the bulk, and according to the quantity 
of sugar present, to a relative quantity of water must have been displaced \ and ss the 
Kugar has no reducing properties, the alcobolmeter will only show the strength of the 
cordial in relation to the water contained in it, as the principle indicates, irrespectively 
of saccharine or extractive matter present. 

Suppose, in making 100 gallons of cordial at 50* r*, 8 lbs. of tngar are pnt to the 
gallon, or 300 lbs. to the 100 gallons, that 300lbs., displacing gallons water, 

only Sl^th gallons of water instead of 60 have been applied $ the sugar, without 
reducing properties, making up the bulk of 100 gallons, which is meant to represent 
60 per cent 

I'he alcobolmeter will only show at the fall point of ebullition the alcoholic strength 
in relation to the water in the 100 gallons of the mixture, or 35 per cent*'**, leaving 15 
per cent to be accounted for on the balk. 

As the quantity of sugar present most be determined before that percentage 
can be arrived at, a double object will be effected by so doing, namely eliciting in ril 
instances the quantity of sugar present, as well as the percentage of apirit to be ac- 
counted for. 

Example 1. — In taking the sp. gr. of a cordial, suppose it to be ftmnd 1076, then 
submit the liquid to the boiling point, and having ascertained the percentage of al^hol, 
and it proves to be the sp. gr. of alcohol at that strength will be found to be 056| 
deduct 956 from the sp. gr. of Uie bulk, or 1076, and 120 will remain \ refer that to its 
amount on the head line of the table No 2, namely, 120, nnder which will be found 8, 
reprewnting 3 Ihs. of sugar to the gallon ; and by running the eye down its colnmn to 
opposite the alcoholic strength indicated (35*’’ ') will be found 14 -9, which represents tbo 
pmentage of water displaced by the sugar, and which amoont of 14 -9, aidded to the 
35 per cent ascertained, makes the total upon the bulk 49*9 per cent.**s*, with 8 lbs. of 
sugar to the gallon. 

Tor frias, (fCj^Example 2. In takmg the sp. gr., suppose it to be ftmnd 957 \ then 
submit to tlie boiling point, and it proves to be 14*’’*, whose sp. gr, is 937, which 
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' Muetcd from k«T«i ip. gr. SO } on Uie hfod-line of table No. S, noder SO, will 
beftmod 8 oe.»«r| lb. of iOfir to the gallon, and on ronategthecjedown toop^te 
will be Ibund 5*0, which added to the 14« makm tbe total on the bulk 17 per 
oeot.*'»*, with 50 Ihi. of aum to tbe 100 galloni. 

To cbemiM ibr their unetureii &e., thla inatnuMni will be found cmentiallj 
nacfhl. 

N.B.^Care mnat be taken that the mereorj ia entirely in the bulb of tbe tbemio- 
meter before it ia flsed on the atom for operation, and in all eaaea (eaeept for water) 
the aalt moat be naed. 

EDGE TOOLS ; more properly euiting /ool«, of which the chiael may be regarded 
aa the type. Iloltaapffel, whooe on Mechanical Manipulatum ia tbe beat to be 
found in any language, dividea cutting toola into three groupie —namely paring toola, 
acr^ing toola, and ahearing toola, 

Ftrei. Paring or atditting toola, with thin <^gea, the anglea of which do not exceed 
aixtv degreea i one plane of the ^ge being nearly coinc&cnt with the plane of the 
work prodnoed (or with the tangent in nrcular work> Theae toola remoee the 
flbrea prinoipally in the direction of their length, or longitudinally, and they produce 
lar/ip* coarae chipa, or aharinga, by acting like tbe common wedge applied to mecha- 
nical power. 

Secondly. Scraping toola, with thick edgea, that meaaure fix>m aixty to one hundred 
and twenty degreea. The planea of the edgea form nearly equal anglea with the 
aurfaoe product, or elae the one plane ii nearly or quite perpendicular to the face 
of the work (or becomea aa a radiua to the circle). Theae toola remove the fibrea 
in all direotiona with nearly equal facility, and they produce fine duat-like ahavings 
by acting superficial ly. 

Thtrtlfy, Shearing, or aoparating tools, with edgea of from sixty to ninety degree 
generally duplex, and then applied on opposite sides of the aubstancea One piano of 
each tool, or of the single tool, coincident with the plane produced. 

Mr. James liouydcll introduced a process which prolesses to produce cheap edge 
toola of excellent quality. We believe tbe result hia not been so satisfactory as the 
patentee expected. He welda iron and steel together in such a manner that when 
eut up to form edge tools, the steel will constitute a thin layer to form the cutting 
edge. He piles a alah or plate of steel upon two or more similar pUtca of iron, heata 
in a fhrnace to a gvKxl welding heat, and then puaea between grooved or other 
suitable rollers, to convert it into bars *, tbe steel being in a thin layer either on one 
of the outer aurfaees of the bur, or lH*tu ecn two aurfacea of iron according to the kind 
of tool to be made therefrom. The bars thus produced are eut up and manuftetured 
into the shape of the desired articles by forging. If the cutting edge u to extend 
but a short distauce, tbe itcvl is applied only near one edge of the pile. The compound 
ban which have the steel on on ' side are suitable for chisela and other tools, which 
have a cutting edge on one aide, the iron being grouud away when making or sharpen- 
ing the tool. See Cutlery ; Steel. 

]*H)ULCORAT£ (Edulcorer, Fr.; AussUMten^ Germ.) is a word introduced by tbe 
alchemisU to aiguify the sweetening, or rather rendering igsipid, of aorimooioua pul- 
verulent Bubstanocs, by copious ablutions with water. It means, In modem language, 
the waahing away of all particles soluble in water, by BgltRtkm or trituration with this 
fluid, and lubsequent decantation or filtration. 

EFFEUVESOENCE. (Eng. and Fr. ; Germ.) When gaseous matter 

is suddenly extricated with a hissing sound during a ebemieal mixture, or by the 
application of a chemical solvent to a aolid. the j^enomenon, from its resemblance to 
that of simmering or boiling water, is culled raervesocnee. The most familiar ex- 
ample is afforded in the aolutUm of aodaic powders ; in which the carbonic acid gas of 
bicarbonate of soda is extricated by the action of citric or tartaric acid. 

EFFLORESCENCE (Eng. and Fr.; Verwittemf Germ.) is tbe spontaneous oon- 
venion of a solid, usually crystalline, into a powder, iu consequence either of the 
ahstraction of the combined water by the air, ns happens to the crystals of sulphate 
and carbomite of soda | or bv the absorption of oxygen and the formation of a saline 
compound, as iu the case of alum schist, sod iron pyrRea Saltpetre appears as an 
effloreseeooe nM the mand and walls in many aitmitions. 

EGG. ThVHgsormidsbeooiimiiseftdlDinanyprooeaBeBofmanafBctttre. They 
consist of fonr paiti t— 

The ahaUt consisting of 

OarboDtte of lime 89*6 

Phosphate of lime and magnesia 5*7 

Animal matter and sulphur 4*7 
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A mmbroM (rnmAnm putmmk) whiek hum the ibell, which analytii ihowc to 
be eompoeedof 

Carbon - 50*7 


Hydrogen 

Nitrogen ------- - !a*8 

Oxygen and aolpbur M*0 


THm white. Albumen. 

The polk or eitellum. 

The albumen, or white of egg, la need for nnmeroua purpoaee in the arti. It con- 
taini carbonatea in \ariable quantity, albumen, a amall quantity of fa^ giuooau, and 
extractive matter. 

The yolk of bird*a egga oonalata mainly of fht and pigment See Watta’ Dicliniiary 
of Chemutrp, 

Egga, non-inoubated, reapire, giving off water and oarbonie add, and abaorbing 
oxygen, ao that the air confined at the broad end of the egg ia richer in enygen than 
the external air. Thia indicatea the method to be adopted in the presarvation of 
egga, via to fill the perm of thebhell, ao aa to prevent entirely the oemoae force to 
which thia reapiration belonm. If the egga are dipped h»to melted tallow or wax, or 
into a cream of fteably alaoked lime, thia ia effected. Dipping emn into a alrong 
brine ia aaid to be ctfectual { the effecta are the aame witii dtner. The trade in egga 
ia large j in 1864 we imported 


From Belgium - 
kvanoe - 

Orest Huniridi. 

- 917,067 

VeliM. 

1066,699 

• 9,898,691 

713.670 

„ Bpain 

- - - 64,465 

16 946 

„ Channel Islands 
Oibue parts 

- 118,994 

88,186 

16,806 

4,699 


9,794,162 

835,028 


EGGS, HATCHING. See iMroBATtoir, Aetificiai.. 

EIDER-DOWN ia ao called becauae it ia obtained from the J?tdfer*duck. 

EIDER-DUCK. SumeUtria, There are two apmea of tbeae duoka, abundant in 
the f^ien regiona of the north, eapecialiy in Iceland, Lapland, Greenland, Spitx- 
iMirgen, and Baffin'a and Hudaon*s Bay. To the inhabitanta of these countries 
these birds are exceedingly valuable These birds build their neats among pre- 
cipitous rocks, and the female lines them with fine down plucked from her breast, 
among which she lays her five egga The natives of the districts frequented by the 
eider-ducks let themselves down by cords among the dangerous clifih, to collect the 
down from the nests. They also catch the hen bird while she is sitting and pluck 
the down. When brought to market the down ia in balla, weighing from three to 
four pounds, and not much larger than a man's fiat. But the down is so fine and 
elastic that when opened and held near a fire to expand, one ball would fill a quilt 
fire feet square. See Swan's Down. 

EL^IS A genus of palm trees, containing one or two species which grow in 
tropical Africa and America. The cil palm, or Ekne puineenete^ is a native of the 
western coast of Africa. 

The oil resides in the fleshy portion of the fruit, which is about the siae of pigeons’ 
egg>t ovate, somewhat angular, deep orange yellow, collected in heads. They have 
a &in cpicarp, a fibrous, oily, yellow saroocarp, which covers and eUaely adheres to 
the hard stony putamen or endocarp, within which is the seed. The oil is obtained 
from tlie sarcocarp, and in this respect resembles the olive. It is obtained efflier by 
expression, or by boiling the fruit with water, when the oil separates and rises to the 
surfree. It is imported principally from Cayenne and the coasts of Guinea. It is, 
when freshly imported, of the consisleoee of tallow, of an orange eolour, and possesses 
the smell of viol^ and fstes at about 80® F. It speedily Hornes rancid and de- 
composes with liberation of glycerine and the fatty acids, and aa thia change pro- 
gresses, its fusing point gradu^y rises till it sometimes even reaches 97® F. It is. 
composed principally m a peculiar fiat, palmitm, and a little oleine and eolonring 
matter. It is used in the manufhctuie of soap and candles, and is imported in very 
lam quantities. The following is a general ontline of the treatment of palm o\\ at 
Price's Candle Company's works. Bee PharmaeeuHedl Jewmo/.^voL av. p. 964). 
The crude palm oil is melted out of the casks in which it has been imported, and 
allowed to remain in a melted state in large tanks until the medianical impurities 
have settled to the bottom. The clear oil » then pumped into close vessels, mere it 
is hsated and exposed to the action of suiphoiie acid. The f^yoerine and Iktty acids 
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•f« tlimby ftMmlfld, and Ilia eolonring mailer aad Imparidai are earbonliad and 
partljr rrndcrad iaaolabla. Tbt miatara haa bow a myiab-biova ootoar, and ia 
waabad vtib vaiar ii» renova tha aeid. Prooi tba waabad prodaet, diatiHatMm now 
aaparabra tba niird htXj acida ^palinitia and ^oa-olatc acida), aa a wbita oryatallina 
Ibi, vbila tba raaidaum in tha aull ta roo? artad into a Ant hart piiab. Thia pitab ia 
At for any of tba parpfiaaa to which ordinary ptteb ia appliaablc. Tlia mixed fhety 
acida may ba mada diraatly into oaadlea, or they may ba aaparmtod by hydrmuhe 
premurt* aided, if nacaaaary, by heat. Thia effaeta Iba aaparmiion of the liquid part 
<ol«ic acid), wbloh. after puriflcaiion, ia At for burning in lampa and other purpoara. 
'rba hart cake left in tha preaaea ia nearly pure palmitic acid, it ia brilltaoily white, 
not at all greaay, and baa a melting point of 135^ to ISA^. It ia At for the menu- 
faciitrt of the Aneat eandica, either alone or in admixtnre with the ateanne of the 
foooa nut oil. 


Palm oil often reqnirea to be bleached for ita rarioua naea. and there are aeveral 
pffieaaaea uaed to eAect it, vii chlorine, powerftil aoida, and the combined iiiAuencc 
of air, heat, and light, 

M. Pohl haa bleached palm oil by h< ating it quickly to 464^ F. and keeping it at 
that temperature for a few minutea, without the aid oT li^t or air And he aaja tbia 
pniceaa haa been carried on for aome time in a factory. The hceting of the palm oil 
la effected aa rapidly aa poaalhle in caat-inin pana } It la kept for ten minutea at the 
lein|ierature of 464^ F., and the bleaching ia complete. Ten or twelre hundred- 
weight of palm nil may eonrenlently heaUnl in one pan, which, however, niuat only 
be two-thirta full, ai &e oil expanda greatly b> the heat It must be rovered with a 
well Ailed cover, which preventa ineimvenienee from the diaagnvable vapour* which 


aiim. Thia anawem better on the large aoalc than on the raiall. Ry thia procem it 
neqnlraa an enipyrrumatic odour, which diaappeara after a little time, and the original 
odour of the palm oil retumi. 

The yellow fat which ia uaed to greaae the axle-traea of the railway carriagea ia 
prepared with a mixture of palm oil and tallow, with *hieh ia mixed a little aoda lye. 

{i9rrkardt.) 

Fur the propertiea of palan/m and fHtlmthc ocirf, aec Pauhtic Acid. 

In 18A4 we imported of palm oil aa fotlowa .— 


Fernando Po • 

Purtumieae Puaaeuiona in Weat Atrioa 
\^cat ruMt of Aft'ica ... 
United Rule* . 

North Atlantic Porta - - - 
Porta on the PaciAc - - - 

Rraail 

Sierra Loooe - - - - - 

tiold Cuaal - • • • • 

Other parta 


Odiintltf. 

CwiBfiutad real value. 

r«U 

« 

3.1177 

5,131 

• ri,63S 

9.3,098 

- 544,836 

»I^W5 

• 3,748 

6,857 

5 

8 

5.095 

8,636 

- 6,0.35 

10,073 

• 89,896 

151,830 

873 

1,468 

666,583 

4^1,181,370 


tU. A INE (called alao Olkink) ia the name given by Chevml to the thin oil, which 
may be t xpeiled from tallow and other fbts, aolid or Anid, by preaaore either in their 
natural atate or after being aaponiAe^ ao na to harten the aUarine, It may be extracted 
alao by digeating the fht in aeven or eight cimea ita weight of boiling alcohol, apec. grav. 
0798, till it diaaolvea the whole. Upon cooling the aolntion the ateanne falla to the 
bottom, while the elaine collecta in a layer like olive oil, upon the aurface of the aiiper- 
nalant aolntion, reduced by evaporation to one eighth of ita bulk. If thia elaine be now 
expoart to a cold temperaturr, it will depmlt iti inmaining ateanne, nnd bectime 
pure. Rraoonnot obtni^ it by expoaing olive oil to i temperature of about 31^ F. 
in order to eauae the eongelatioo of the margarine or ateanne (?). The elaine waa 
a greeniah yellow liquid j at 14** F. it depoeited a little margarine. See On^ and 
SiXAaiNB. 

ELASTIC UNDS. (Ttaana Fr.i Fedtrkarz-xrigt, Germ.) SccCaodt- 

cRouc and BmHiNO Machine, 

KLASTICII'Y. The property wueh bodiee poeaem of occupying, and tending 
to occupy, portioiia of apace of determinate volume, or determinate volume and Agure, 
at given preasurca and tempemturea, and which, in a humogeneoua body, manuRnta 
itaeli equally in every part of appredable magnitude (AicAo/). The eanmiontion of 
thia imporunt aul^ect in Kmnnes doea not belong to thia worL A few remarka, 
and aome cxplaiiationa, only arc neceaaary. 
ikAifftc yVcmuiv ia the force exerted b^ween two bodiea at their enrikee of contact. 
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Cbn^mtHMi IK meMurtfit hy the diminutioo of Tolnme which the compreisiblo 
(elMtio) body andcrttoei. 

Th$ MtMw or Coeffitimti of Efatitetty of a liquid ii the ratio of a pmaore applied 
tOk and eaerted by, the liquid to the aecompanylog oooiprvtaloo, and la therefore the 
roelprocal of the compreaaibilitv. The qiaaatity to ahich the term JUiMiu </ 
J' 0 la»ticity was Ant applied by l>r. Young, la the reciprocal of the cateoaibllity or 
loofritudioal pliability. (See the Kdinburgh Tranaactiona, and iImmo of the Itoyal 
Society, for the papera of Harlow, Maxwtil, and ilaadtac, aad the Bntiab Aiaocialion 
llimrfa for those of Fairhairn, Ae. ) 

Various tables, showing the elasticity of inetaJa, glass, fto., have been constructed* 
and will be found in treatises on uieohasiics. The following notlors of the mecha- 
nical propertiea of wimnIs may prove of conaiilerahle intmaL The caperimoou were 
by t 'lieTandier and Wertbeim. 

Rods of square section l<i mm in thickness and 8 m in length were prepared, being 
cut ill the direction of the fibres, and tbe evlocitp qf snend in them was deU'miined by 
the iivngitudinal vibrations, tkeir eltutikiiy from their hioiuate In length, and /Anr a*- 
Affion hy loading them to the point of rupture, fimall rads were cut in planes tier- 
peiidtcular to the fibre grain (m direotiona radial and tangential to the rluga of growth ) 
and their elaaticity and sound volocity were measured by Ihs lateral eibrations. It whs 
thus agtlo esubiished, that the coefficients of elaaticity, as deduced from the vibrations, 
eoiue ont higher than those derived from the elongation. 


Hmum of th« woods. 


Ihm. 

My. 

Sound fdocltjr. 

CovlldiMnti of Hso- 
ticlir 

Cuhoclnn. 

Acacia • 




or IT 

I. 

14*9 

R. T. 

L. 

1616*8 

U. 

T. 

I.. 1 II 
iW — 

T. 

Fir 



• 

0-49S 

18-96 

6054*76 1118 6 

94 5 

34*1 

4 18 0-220 

0 297 

Hornbeam 




0*754 

11-60 

10*967*60 

i(W5-r 

*ite-4 

103-4 

•i 9911 '007 

OCIH 

Bireh - 




0*618 

18*36 

6*46,9*14 

•97*6 

81*1 

1.55*9 

4‘30 0'8*i3 

1*06.3 

Bceeh - 




ossa 

10*06 

11*066*58 

980*4 289 7 

I59*a 

3*570*685 

0 759 

Oak - 




0*606 


— ^ 

977*8 

.... 

— 

6*49 -* 

- 

Hulm-Oak 




0*678 

11*58 

9-847-76 

9*il*a 188*7 

129*8 

3-66, 0*589 

0 406 

Pine - 




0-559 

1000 

6*5.3‘4*76 

564 1, 97-7 

28-6 

i’4HiU'656 

0-196 

Sycamore 




0*609 

13*48 

9*06 6'83, 1163-6 134*0 

60.5 

6 16 0.522 

O’CKl 

Ash - 




0*697 

14*05 

8 39|7‘G0.ll2r4.11L‘3 

102-0 

6*78 0*218 

0 40H 

Alder - 




0-601 

13*95 

8.65,0-28 1 108*1 

98*3 

.59-4 

4-54 0-369 

0*175 

Afi|>en - 




0-60i 

15-30 

9‘78l5’48|l075’9;i07‘C 

43*4 

7-60 0-171 

0-414 

Maple - 




0 674 

12-36 

9 26.6 231021*4,157*1 

72-7 

3-580-716 

0*371 

Poplar - 


• 


0*477 

16*89 

8*44'6 39 

517-2 

, 73-3 

38*9 

1*970*146 

EHEI 

Elm 


" 




8'56j6*ll 

1 

1 

168*6 

63 4 

-|0-MS 

0*366 


L refers to rods cot lengthwise with the grain, 
R to tliose cut in a direction radial, and 
T to those tangential to tbe annual rings. 


ELASTIC BITUMEN. ElateriU, Mineral Caoutchouc. A fossil rosin, occur- 
ring in soft, fleaible masses at Castleton in Derbyshire. See Bituhen. 

KLATERIUM. A peonliar eztraet obtained ftwm tbe Juice of the wild euoomber 
( Mmordiea ^terium.) 

ELDER. (Rumfrarwr w/yra, Sureau, Fr. i IMlunder^ Germ.) Pith halls tar elec- 
trical purposes are manulhetored iVom the pith of the elder tree, dried. The wood is , 
employed for inferior turnery work, for wenveria shuttles, netting pins, and shoe- 
makera* pegs. Its elasticity and strength render it peculiarly fitt^ for these tatter 
purpoese. The flowers of tbe elder are largehr collected for distillation, yielding the 
well-known elder-flower wntcr ; 9 pounds m flowers distilled with 4 gallons of water 
give 3 gallons of the feagrsnt distillate; they are also heated in lard fer making 
elder ointmcDt Tbe bemei or feuit of thb elder are employed for making one of 
the truly British winss. 

ELECTIVE AFFINITY. (WakherwatuUschaJl, Germ.) See Dico«Ponnoir, 

F^IOlTALmTB. 

ELECTRIC CLOCKS. The application of electricity as a mothre poiwer to 
clocka* and as a means of transmitting synchronous signals or time^ Is natnmy infl- 
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maUAf ttmUffinA vUh tb* Bltompta (nM rH mIMI in an Monomio poiai) to appl^ It 
M « motive ppm to mehiaoryk aiMl wiili Ht applioMUm, to ftilly realiied (eee miticlo 


prifirinlee on wbkih they bavo beon eonitmeCed, and wbiob ai« beat known, -»Baio'a 
and .Shepherd'i. Jo the former, eleetiicity maintaina lb# pendolnm in motion, and the 
p<*ndiiliitn drivea the eloek*traio ; in the latter, the motion of the pendnlnm ia maintained 
h> fdectririly, bot the clock-train is driven by diatloet eairanta, aeot to it by means of 
pendulum coutaeta. 

The bob of Bain'i pendnlnm conaiau of a ooU of wire, wonnd on a bobbin with a 
hollow centre. The aiis of the bobbin is boriaontaL Bor nagneta, presenting 
ainiilar poles, are fixed on each side of tlie coil, in such a position that, as the pendulum 
oscillates right and left, the poles on either side may enter the coil of wire. It is one 
of the laws of eleetrte oorrents, when circulating in a helix, or spiral, or coil, or even 
in a single ring, that each fbee of the coil presents the eharaeters of a mametie pole, 
of a south pole If the ennwnt elreulatet in the direction in which the hands of a 
watch move, of a north pole, if it circulates to the reverse direction. Things are so 
arranged In Bain's pendulum that a battery current ia alternately circulating in and 
cut S frma the coiL When the current Is circulating, the coil baa the obariicter of a 

magnet, with a north end and a south end i if 
the {HTmanent magnets present north poU-s,*the 
north end of the coil bob will be repelled from 
one of the magnets, while its south end will he 
attracted by the other magnet. This consti- 
tutes the iiiipalse or maintaining power in one 
direetion. Now the connections sre such that, 
when the arc of vibration is complete and the 
pendulum ready for the return vibration, the 
pendulum rod pashes aside a golden slide, by 
which the electric circuit had been completed, 
and the current is cut off i the pendulum is thus 
able to make its return vibration by mere 
gravity. It stsrts to repeat the above o|wnitions 
by mere gravity) hut, ere it completes the arc. 
the rod pushes hack the slide, and again com- 
piotes the electric circuit, and gives rise to a 
second impuhe, and so on. A fuftall amount of 
magnetic attraction is sufBcient to supply the 
necessary amount of maintaining power. One 

K ir of ime-enpper, buried in tlie moist earth, 
s been found ample. 

in an ordinary clock, the train is carried by 
a weight or by a spring, and the time is regii- 
laU^l by the pendulum. In Bain’s the time is 
regulated and the train is driven by the pendu- 
lum. The red hangs within a crutch in the 
usual wav i the crutch carries pallets of a par- 
ticular kind, acting in a scape-wheel ; and from 
the latter, the motion is transmitted to a train 
of the usual character i but much lighter. For 
large clocks, Mr. Bain proposes a modification 
of the slide, which shall invert the current at 
each oicillstion, so as to have attraction as n 
maintaining power in bofth oocillatioDS. The 
general arrangement of the pendulum is shown 
in ^ 68fl|p. B is the pendnlnm bobb with itt 
coil of wire, the ends of which pass np on either 
side of the riuL X and c are the battery plates, 
with thrir attached wires b and d'. The arrowa 
fhow the eouTie of the voltaic current from the 
^ thence down tiie pendn* 

..... 1 ... ]um rod by the right hand wire, throngh eml 

a \ w» — » ! c B, up by the wire on left aide of rod, then by 

.. .. j * the wire c, along the slide at a, and by Im 

wire D to the line plate & When the alide b » in poattion, the eirouit ia oom^te* 
Ud tkt bob it MToetMl bytbeapoltor OM«f lb« magacM, ud npeUed byOita' 
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pole of the ollMf When tlie olide m db|>]aeed, tlioftttnetioa efoo eo, »n4 At poDdnIwn 
b left to the mere eetioQ of grevit^ 

Shepherd*! elortnc clock h m a remontoir eeeapemeiit There ii no direct eonnee- 
tion h^wcen the electric fbroe and the pendulum, or between the pendolnm and the 
elock train The ittmciire power, deneed (torn the electric eorrent, la eimpiy em- 
ployed to raiae the name aniall weight to the mine height t and dm cloek-hnUn la 
carried hj the attractive force derived fVom eleetne carrente, whoae premia ate com- 
pleted by the pendulum tiMiching contact apnnga The pendulum b then pro to e t ed 
fVom the influence of change in the force or the current, nr fVom irregnlar realttoaeta 
in the tram. Tty 6<t7 is a perapective view of thia pendnlom, whS bMtariei^ ■ i; 
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attached, and the elock eonncetiona and thoae of ito hatterlcc, a « a a. fbowh. Ttio 
electricity leavci the pendulum battery by the wire a. and retuM to it hj the wire r. 
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Thtti te Ottlf OM bmk In thte circuit, DAmeljr, at n, vhich ii a alcndcr tprinf 
with platmnai, chat U ia conCaot with plattoutn on the pcndatam at the caCmne of ita 
right vlbratkiiit but at no other time. The ^ire a renchfe the pendolum from the 
batlerjr by the coili a. the plate o, and the frame a t the wire r gM direct from the 
•l»ring a to the eioe i. From thii amiigemeBt, it happeai that etery time lha con* 
tw^t at K is eoinpletiNtt the iron core, of which the eaids h a are risible, contained 
within the coils a, becofaes a magnet, and when the contact at a is broken, the 
magnetism eeaasa. The poles m s hare, therefore, a power ahemately to attract and 
to releaee o, which Is a plate or armature of soft town, moving on an axis, as shown 
in the figure, and to which is attsched a bar with a eonoterpoise u We have said 
that the office here of the electric force, is merely to raise a weightt the fall of the 
weight maintaioa the pendulum in motion. When the armature a is sttracted, the 
lever 6 is raised t this rab<>s the wire r into a horiaonul nosilion, and its other part 
d into a vertical position; Che tatt4*r is caught and retained bpr the latch or detent r; so 
that when the roagni'tio attmetion ceases, the connterpoiM i descends with the lever 
h i and BO the armature o leaves the electro*magnet n a. Rut the wire d remHins 
veitiral, and its other part with the smalt weight c remains liorisontal Now, when 
the pendulum makes its lefr hsnd oscillation, the point of the icrew / impinges u|>on 
the stem g, and carrim it a little to the Wfr ; this noses the detent r, and liberates the 
pirmt d r, which descends Into its original position by Ipwrity ; the small ball r adds 
to iu weight. In descending, the vertical piece r strikes against the point of the 
Rcrew h, and gives a small impulse to the pendulum p. The ball e is not larger thon 
a |>ea, and it» full is not sn eighth of an inch ; hut the imimct is suifieient to keep the 
pendulum in motion; and it is constant, being this same body falling through the 
same spans and is independent of any variation in the battery power, which latter is 
only concerned In raising the ball. The arc of the |>endulum’s vibration is regnlated 
hy sdlJtisting tlie small hall to a greater or less distance from the centre. Provision is 
thus made for uisiotaining the pendulum in motion, and giving it an impact of con- 
stant value. If this arrangement is in connection with a compenaating mercurial pen- 
dulum, extreme accuracy of time-keeping ia attained. The next step is to transfer 
the seconds, thus securi'd, to a dial or clock. The same movement of the keeper a 
with Its eouiit4*rpoise i, haa sometimes been made to ini|uirt motion to the seconds 
whiTi of a clock train; hvA more commonly the clock train is* distinct, as shown in the 
drawing, and is csrrit*d bya spociiil electro- magnetic arrangemeut, in connection with 
sepamie batteries, s c, s c, the contacts of which are, liowcvcr, under the control of 
the iHunlulinii. Insulated springs, A and A are fixed near the top of the rod ; fVom k 
II win* leads to the silver a, of the IcfV hand battery ; and from / uiiother wire leads to 
the line s, of the right hand battery. The other metals of the respective batteries are 
i' umecred by a wire with an electro- magnet within the clock, the other end of the said 
elcciro-tiingnet bt iug connected w iUi the metal IhhI and frame of the pendulum. When, 
therefore, the peiidiiluoi oscillates to the right, the circuit is completed ot k \ and the 
curnmi of the left hand battery circulates from s through tho wired; and thence 
thnnigh the metal frame and by the wire to the clock, and so to the line x. When 
the oscilliiiioii is lo the left and I ia in contact, the right hand battery is in action ; and 
iht' current circulates fVom f through the chick, to the metal frame, and thence to / 
and to the xinc z of the luittery. In one case, a voltaic current enters the clock by 
the wire >liown lielow, aud leaves it by the upper wire; and, in the other case. It 
enters by the upper and leaves by the lower wire. There is a double set of electni. 
inagtieU within he clock, showing four poles in all ; there are also two magnetised 
steel lurs, mounted see-saw fashion, with their p<ilcB alternate, and facing the four 
electro-magnetic poles. When the current enters the clock frwm below or in one 
direction, the ham oacillatc this way; when it enters from above or in the reverse 
directum, they oscillate that way. They are both fixed at right angles to and upon 
the same axis ; which axis carries a pair of driving pallets, that act on a scape- wheel, 
and so the clock-train is driven. It will be seen at a glance, that two or more clocks 
iniiy Ik‘ c<innccti‘d in the same circuit, as readily as one ; it being merely necessary in 
such casi* to modify the bsilery luiwer, to correspond with the work to be done. 
For instance, three such clocks have bi^n going for several years at Tonbridge by 
the saiiM* pendujpm i several are actuated in Uke moifiMr at the Royal Observatory, 
if recnwicn. is it necessary that the clocks should be in the same room with the 
iwndulum, or Vue stme building, or even in the same parish. All the clocks above 
referred to, are variously distribntedt and one of the Observatory clocks is six miles 
distant from itt penduluin, being xt the London Bridge Station of the South-Eastern 
Railway. 

Id caaet where it has not been fbaufi oonvenient to drive the clock train, espedoUj 
in the cose of a public one, the movomant of which is heavy, great advantage has 
been derived for regulating the oseiitfitioiia of the pendulum of the large oloekt hy 
gteans of electric currents, under the Control of a standard pendolnm. Mr. Jones 
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hu tdoptod this mttbod, tnd it ii likelj to m«ot with miwh flivoor. Tbt farm 
eloek, under this arran|{eiD«nt, it driven hj weight! in the umnl wny, end the time ii 
nigolntcd by n pendulum. The bob of the pendulum ii pieced under e condition 
enalogoit! to thet of Bein'! (Jiy. 686), tfie pennenent memt, however, being etteched 
to the pendulum, end the eleciro-meguet Used feeing it. If current! ere mede to 
Circulate lynchronouely in the latter, by menna of e ttanderd pendulani« the oscillation! 
of the pendulum of the turret-clock are eonstruined u> accord with thmie of the 
standard, end a ver) perfect system of time-keeping is obtained. This is prsetised st 
Liverpool ; end hes just l»ecn introduced ut Greenwich. 

Under the ebove nirongcmcnts the clock it controlled l>y the sfundard jicmiuliim 
Si'cond by second, and the two keep time together throngliout the day 1 here art* 
oases in which it is snfilcient, end also more eonvenient, to compel e clock once t di>y 
only by means of a tclogrepli signal traustnittod from a siundani clock. TIun 
nuinaged in several ways. There is acloc^k at the Telegraph Otfice m the Str.md ; 
a giMKl r<»golator, adjusted to gain s second or two during the twenty -tour hours, and 
to stop at I r.M. A telegraph liraal is sent from the Ko^l < ihservatory prci isfl) at 
one, that droi»s a time-ball at the Strand office, wbirh. In fhllmg, starts the clock. 
At Ashford, aevanty-ihrcc miles from Greenwich, there ii an electric clock whu h hns 
a gaining rate, and which is so constructed that the Itatlery circuit is opf<ned at one 
o'clock by means of pins and springs attached to the movement, and the clock there- 
fore stops. At 1 P.M., Greenwich mean time, a aignal is lent Uiroiigh the A litord 
cluck from the Royal Observatory, which starts it at once at true time. At the l*ost 
office, l^omhard Street, then* is n clock which, in the course of the twenty-fonr hourM, 
raises a weight At noon a tch'gruph signal is sent from Greenwich, winch |iasves 
through an electro* magnet ; the latter attracts an armature of soft iron and lib<Tat<‘S 
the ball, which Iklli, and in falling it eocouiiters a crutch, or lever, attached to the 
S4.>cond*s hand, and thruata it this way or that, as the case may be i but so as to bring 
it to sixty seconds on the dial, and Ums to set the clock right 

lotcrmediato between the one method of sending s signal every s<‘cond to regulate 
a clock, and the other method of simding it once a day, we have the following arrange- 
ment of Uaiira for aeiidiiig it once an hour. Fio. 688 shows the arrangement, with 
prt of the dial remove<t, to show the position of the electro*inagnet The armature 
II hidow ; it carries a vertical stem, terminating 
above In a fork. Its ordinary position is shown 
by the dotted lines. The minute hand (partly 
icmovcd from the cut) carries spin on its back 
surface. >IV’hcn the hand is near to sixty mi- 
nutes, and an electric current is sent through 
the magnet, the armature is attracted upwai^a 
ami the fork takes the puaition shown by the 
lull lines at the top of the dial, and, in doing 
so. it encounters the pin and forces the hand 
into the vertical position, and sets the clock 
to true time, providing the signal comes from 
a standard clock, or is sent by baud at true 
time. A dial of moderate character keeps so 
near to time, that once or twice a day would 
be, for uU coounon purposes, often enough to 
correct it 

Fie. 689 is an urrungemenl of Bain's, by 
which a principul clock, showing seconds, 
sends electric currents ut minute intervals to other clocks, and causes the hand to 
move minute by miuute. a is ■ voltaic battery { b is the prinelpul clock, whieh may 
be an electric clock or not at pleasure! o and a are two out of many suboidinate 
clocks. The lecouds hind of the principal clock completes a voltaio circuit twice 
(for the case of two clocks) during the minute; at the .80 secouda for the dock o, 
and ut the 60 seconds for the clock n. The dock n shows time in leaps from one 
minute to the next ; and the dock o from one half minute to the next hnlf minote. 
As tttny more eoniicu per minnte msy be provided for the seconds hand of the 
prime dock aa there are subordinate docks. 

Next akin to the time signals above described, and which act automatically upon 
docks, either to drive the dock-train or to correct the dock errors, nre viere time 
signals, which are extensively distributed tbrongbout the country by the ordinary tele- 
graph wires, and are lotAcd for at the various telegraph stations, in order to eonpare 
the office dials with Greenwich mean time, nnd to make the necessary eorrsctioDt 
they are also re-distributed by band the moment they appear, throngh snb-dMots 
krainohiBg from Junction statiODi, Large bladt Wla^ hoiitid in eonspiettoui itati^ 
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IN Mines ami Quarries Profettor Huru wu the flnt 
r. Martiu Huberts duvised the foUowiiig process. Id 



Older not to be calliHl upon to make afVesh a new appar.ituH for each explusiou. Mr. 
Itoberts invented cartridges, vbich may be conslrurtiil bi^foreband. With this view, 
two copper wires are piiH'urei!, about a teiiUi of an inch in diamoter, and three >arda 
ID tfiigtli, well covered with silk or coctun tarred, so that their insulation may be 
very good. They are twisted together (fy. G90) for a length of 
six inches, cure Iwing taken to leave their lower extremities free, 
for a length of alumt hiilf an inch (separating them about half an 
inch), from ahich the msulatirigein elope la removed, in order to atretch 
betwfH*n them a fine iron wire, after having taken the precaution 
of cleaning them well. The upper extremities of the two copper 
wires an* likewise separated, in order to allow of their being placed 
res|H‘Ctively lu coiiimuiiication with the conductors, lldit abut upon 
the poles of a pile. The bmly of the cartridges la a tin tube, three 
inches long, and tlir<*e quarters of an inch in diameter, the aolderinga 
of which are >cry well made, in order that it may be perfectly imper- 
meable to water. A gliiiMi tiiln* might fM)ually well be employed, 
wen* it not for its (Vagility, which has caused a tin tube to be pre- 
ferred. The system of copper wires is introduced into the tube, 
fixing them by' means of a stem that traverses it at such a height 
that the fine iron wire la aituated in the middle of the tin tube, 
so arranged that the euda of the copper wire do nut anywhere 
touch the aides of the tube (Jig C91). The cork is finnly fixed at 
the upper extremity of the tube with a good cement Mr. Hoberts 
n*commenda for this operation, a cement composed of one part of beea- 
wax and two parts of ream ; the tube is then filled with powder by 
its other extremity, which u likewise stopped with a cork, which is 
cemented in the same manner. Figure 692 indicates the manner 
in which the cartridge is placed in the hole, after having care- 
ftally expelled all dust and moisture care must be taken that the 
cartridge is aituated in the middle of the charge of powder that is 
introduced into the hole. Above the powder is placed a plug of 
straw or tow, so as to allow between it and the powder a aniall space 
filled with air : and above the plug w poured dry sand, until the hole 
-^s filled with it The two ends of the copper wires that come out of 
cartridge are made to communicate with the poles of the pile, 
by means of eondaetori of suflleient length, that one may be pro- 
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y- - f tMted firom all dangera artalng ftrorn the expiosion of the mine. 
M. Iliihnikorff, and after him. Mu Verdu, have succesafull 


. Verdu, have succesafully tried to aubstitute the 
induction spark for the incandeacenoe of a wire, in order to bring about the ignition 
the powder. This prooets, besides the oonsiderable economy that it presents*- since 
lusuad of from fifteen to twenty Bnnaen’s pairs, necessary for causing the ignition 
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of Um wirfti it reqatm but u mdkIo on^ ft»r t»rodtteiag Ibo iadnedon tptrk.*-^poMMict 
atm udfuitigei of being lew Muoeptible of denngeinent. Onlj it wu neceitary to 



e<Mitrive n plna to bring about the ignition of the powder; in feet, it happens* that 
when by the eifeet of the length of the couductors tliat abut upon the luine, the 
eireuit preaenti too great a reaiatance, the induction epark ii aide to pass throu^ii 
the powder without inflaming It M. Ruhmkorffhaa conceived the hsppv idea of 
seeking for a medium, which, more easily inflAmmabls by the s)»ark, may bring about 
the iraition of the powder m possible conditions. He found it in Stathaiifs fusees, 
which are prepared by taking two ends of copper wire covered with ordinary giitta 
jiercha ; they are twitted 0^.093), and the ends are hunt ao as to make them cuter 
into an envelope of vulcanised (sulphured) gutta percha, which has been cut aud 
drawn off flrom a copiier wire that had been for a long time covered with it. Upon 
this envelope a sloping cut a, Is formed ; and after liaviug maiutained the ex- 
tremities of the copper wires at about the eighth of an inch ftrom each other, their 
}H>iats are covered with fulminate of mercury, in order to render the ignition of the 
powder more easy. The cut is hlled with powder, and the whole ia wrapped round with 
a piece of caoutchouc tube, c, d, or else it is placed lo a cartridge filled with powder. 

In the Statham fusees, it b the sulphide (lulphuret) of copper adhering to the wire, 
produced by the action of the vulcanised jpitta percha which b removed from the 
copper wire that it covered, which by beiug inflamed under the action of the induction 
spark bringa about an explosion, But it is necemry to take care when the ftiace baa 
been prepaivd, as we have pointed out, to try it in order to renlate the extent of the 
solution of contiouiiy. It might, in fact, happen that while sttU belonginff to the same 
cuvelope of a copper wirci the ^ath of a vulcanised gutta percha with which the 
fusee IS furnished, may be more or less impregnated with sulphide of copper; 
now, if the sulphide of copper b in too great quantity, it becomes too good a 
cimductor, and piwveota the spark being produced ; il^ on tbe contrary, it b not in a 
aufficiently larj^ quantity, it does not sulfleieotly facilitate the diacharge. 

The first trials on a Urp sc>hIc of tbe applioatUm of the pruceaa that we just 
dsaonbed, were made witii Kuhnikorirs induction apparatus, by tbe Spanbh colonel, 
Verdtt, in the workshops of H. Herkman, manufacturer of gutta percha covered wire, 
at La Villette, near Paris. Experiments were made successively ttpOQ lengths of 
wire of 400, 6(10, 1000, 9000, and up to S6,000 metres (of 3-38 feet); and tbe suecea 
was alwayi complete, whether with a circuit compos^ of two wires, or replacing one 
of tbe wires by the earth; two ordinary Bunseu's paira were luflieient for producing 
the indnetiM apark with Ruhmkorff'a mpparalua. Since hb fint reeearohet with 
U. Rulmkorff, M. Verdu has applied himself to fireah reiearehct in Spain ; and ho 
was satisfied, by many triab, that of all explosive aubstanoea, not any one wm nearly 
•o senaitiva aa ftdminaie of mercniy; only, in order to avoid the danger that arbea 
from the facility of explosion of thb compound, be takes the pracaotion of intro- 
ducing the talremity of tbe fusees into a small ^ta peioha tub^ cloaad at ^ end. 
After having filled with powder thb apeciec of Uula box, and having doaed b 
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li«nii«lically, thi» fiiscot may be eanied abont, may b« handled, may be ollowod to 
fkll, and even MfOeeaed ratlier bard, without daQaer. The dootie and lemther-like 
Ditori of gutui peroht, which hoc been carefully ooltened a liuh* at the life, preeenrea 
the fulmlnatt lirmn all chance of accident. We may add, that with a »inipleBiioiicn*i 
pair, ami by menna of RtthuikorlTa induction apparatue, M. Verdu hoa etieceedod in 
producing the ilraultanvoui exploilon of aia iinall uineii, intentoM'd in the name 
cinMiit at 920 yarda from the apparatuo. He haa not been lieyond ihia limit } but he 
has nought for the means of acting indin*ctly u|»on a great number of mines, by 
diHtrihutmg them into groups of five, and by interposing each of these grou|>s in a 
B|»ccial circuit The fusin's of each group arc made to rommunioate by a aingle wire, 
one of the extremities of which huried in the ground, and whose other extremitv 
is ni*ar to the apparatus. On touching the induction apparatus siicoessively with 
enrli of the tree ends that are hold in the hand, which requires scarcel} a second of 
tune, if then* are four wires, that is to say, tour groups uud consequently twenty 
mines, twenty explosions me obtained simiiltancHmsly at coniid«*rable distances. 
There are no llmiia cither to the disUnce at which the explosion may take place, or 
to the Tiitiiiher of nimeH that may be thus made to explode. 

The following acroiint of experiuienta on the application of permanent magnets to 
the ex|»hMion ot charges and to submarine o{H»rations. is from a Memo*r by Professor 
Ahel I'.n H. The ignition of gunpowder by the dir(*ct inogiieto-elcclric out rent, 
fhotigli well known to lx* practicable, has never yet been applied to military or in. 
diisfruti opcrutiona, and no aatisfactory experiments appear to have been made, be'ore 
those iiiidertak'm at >V<M>lwich, showing its practical applicability to these purpose^ 

In the first experiments on this applieation of the inagiieto-electnc current, u Mry 
large powerfiil magntdo* electric machine was einployrd. which had lK‘cn constimted 
hv Mr Henley (and had bmi exhihited by him at the Puns hxhibition in 
*hie princitde of this iiiatruinent was prei isely the same as that of the inachim* 
demised hy Xlr. Wheatstone, for ringing magneto*electric bells Its armature, instead 
of being rotated, was suddenly detached from the magnet by means of a kner. It 
was soon eatablished by a few experiments that, even with this instrument, gun* 
tiowder itidlf could not be ignitiri with any degree of certainty. Results obtained 
with Statham’s and other fuacs, though superior to those furnished hy gimpr>wdcr 
nlone, were still far from latisfaetory. The first eiTorts were therefore directed to the 
discovery of a aiiitnhlo agent to serve as a perfectly certain medium (or priming 
iniilenah for effecting the ignition of charges hy means of the niagiicto*electric 
iiiadiins. For this purpose, o variety of compounds and mixtures of a mure or less 
sensitive chnmeler, were prepared for ttial with the magnet 

Many of these rompositinns furnished results to a certain extent fsgourable, a 
iiumher of fuses, pnineil with them, having been fired in succession with the magnet, 
and fi'om two to four charges in one circuit having been ignited, in a very few in- 
stanciw Rut no perfect certainty of disdiarj^ was attained with any one of the 
materials iisetl ; the attempt to fin> a fuse iieing frequently unsuccessful, while no 
differenee lietwoen it and a successful luxe, cuntaiuiog the same compooition, could 
be detected hy careful examination. 

Some successful results, obtained aocidentally with one of the experimental com- 
positions, wliicli had become damp by ex|M>Riire to air, led to a trial of the effect of 
moistun> in promoting the ignition of hot slij^htly sensitive comraitiona, and it was 
ultimately found that the impregnation of oidinary gunpowder with a small amount of 
moisture (by an expedient similar in principle to one adopted with eoneiderahle success 
by Captain Scott, R.E., in connection witn charges to be fired by the induction coil- 
iiiochine), reiiden*d its ignition hy means of the magnet a matter of certainty. 

Some important precautions were, however, indispensable to the attainment of this 
definite result. If the slightly damp powder was employed in a finely divided con- 
dition, it very fWn)uenUy beotme cok^ between the wire -terminals in the fiixe, and 
the current would then poae tluwtigh the composition without igniting it This was 
found to take place occoiioagUy, even when the pewder was employed in its original 
granular condition. Sevefol attempts were mode to overcome this difficulty by 
modifying the form and poffiUou of the tetminale or polee in the fuse, and 1 at last 
contrived a perfectly suceMafbl axTangeinent in which only the MtciimtU Murfarn of 
the terminals, of fine copper wire (0*022 inch diameter) were exposed in 

the interior of OFfViic (CM a, fig. 694), so as not to project at all. The prepared 
gunpowder, therefore, limply resM upon the eurracee, and a perfect uniformity in 
the action of the fine wOi atluined. The priming eomposition consisted of fine- 
grain gunpowder, wbiob had been soaked in an alcoholic solution of chloride of 
calcium, of a strength suffioieiit to Impregnate the grains with from one to two per 
cent of that salt The prepared powder waa exposed to the air for a short time, to 
liermit of a sufficient ihiorption of moistore hy the deliquescent salt Upwards of 
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500 qaill-fuKS (of the dmcription mplojripd for flrinf fruni). prloMMl with the prf< 
pored gunpowder, mnd Atted with the nrrnngement of the tenninnls nbote referred to 
{^. 694 )« were fired with the lar|ter«lee«r-megnet. The feiluree 
did not amount to more than 9 per cent., and were all proved to 
be due to defective manufbcture. In the eaperiinenta with them 
fiisea, one or two aimple rheotomic arrangmenU were ■iiocma- 
fully employed for effecting the rapidly auceemive discharge of a 
aeries of fuaea. 

'I*he above fuie waa found to he caay of manufsotare and 
permanenilv effective. While, hiiwever. it pimeDti*d a certain 
means of effecting tbn ignition by the aid of a imwerfnl magnet, 
of hingle chargee, or of a lavgo nurolier, to he fired in moderately 
rapid aitccevaion, it waa inapplicable to the ignition with certainty 
of wore than one charge in circuit After a great number of ca* 
periments, I at length aucoeeded in the priKluctioa of i priming 
material for the fbxe, which greatly exceeded ia MaiitiveneM 
any of the other compoaitiona hitherto tried. 

The new priming compoaition conaiaied of a very intimate mixture of tub- 
phoftphide of copper, chlorate of potaaaa, and levigated coke, iha latter aubatance 
being employed to add to the conducting power of the mixture, which was found 
otherwiMe inauflicient. 

In the conrac of experimenta aubaequently carried on with fbiea which contained 
this comimaitioD, it waa found that a alight residue, eonaiating principally of the 
coke employed, oecasioDally remained on the siirfiieea of the terminals in the fuxe, 
after its discharge, and by forming a good conducting link between them, interfered 
with any future effects of the mngnetio current in other directions, by the eatablishnient 
of a complete oireuit This obstacle to the peribet anooeaa of the compoaition was 
entirely removed by the sobatitution, for the coke, of another material, more easily 
acted on by the chlorate of potaaaa, and answering equally well as a conducting 
medium i namely, the iiih-aulphide of copper. Mo instance baa occurred in the dia* 
charge of several thousand fiixcs, primed witli the mixture of aiib-phoapkide and auK- 
aulphide of copper with chlorate of potusaa, in which the tenninala have not been 
found quite ffwe from adherent reaidiie, after the ignition. 

'llie sub-phoapliide of copper, which is produced at an elevated temperature, is a 
compound of very stable character, and the mixture of the three constituents is quite 
ns unalterable aa the explosive mixtures which are in general uae for the preparation 
of pereuaaion caps, fkc. The atability of the mixture hga already been lubmitted to 
very satisfactory tests. Fuses primed w ith it have been found to have lost noue of 
their delieacv and certainty, when tried more than two years after preparation. 

The sub-phosphide of copper, intimately blended with chlorite of potasaa, forms a 
mixture iu a high degree sensitive to the effect of beat, and possessed, at the same 
time, of some power of conducting electricity. With the employment, however, of 
magneto-electric machines of comparatively low power, and in cases where the re- 
sistance to be overcome by the current ia considerable, this conducting property is 
not sufficient to insure the ignition of the mixture by ssslstiog the piuissge of the 
current across the interruption in the inetallic circuit (i.e. across the small distance 
between the terminals of the wire in tlie fuse). It must be borne in mind that 
the atriking distance, or the apace lietween the terminals across which the currenc 
from even a powerful magneto >elecrric machine will leap, is very small. With the 
large lever-magnet, the spwk could only he produced when the wires were almost in 
contact. Since, however, it is indispensable to the proper inaulation of the wires in 
the fuse-arrangement, that the terminals should he at least one-sixteenth of sn inch 
apart, it will be readily uiideraiiMid how essential to success, In operations with these 
mnehines, it is that the prim mg material should pos^ considerable oondueting 
power. Hence the necessity of inereasing the conducting power of the mixture of 
Buh-phosphide of copper and ehlorate of potassa \ a result which, it has been already 
■tat^. was obtained in the first insMoce by the employment of finely levigated coke, 
and afUTwanji by the substitution of suh-sulphide of copper for that substance. 
Many experiments were of course required to determine the proportions in which it 
wnv advisable to employ the conducting constituent, so as to facilitate tiie passage 
of the enrrent throngh the mass u far u possible, without interfering too much with 
the sensitiveness of me explosive mixture, or producing an almost peAetly eontinuons 
coonectioa between the two poles in the fose, and thus promoting the pusige of the 
current so greatly as to prevent the ignition of the comj^itian. 

The fuxes eontrived by me for use with mngneto-eieotne nppmtns are of two 
kinds, the one being adapted for mining purposes and the other for tiring cannon. 
The fuse for mining purpoees,/iy. 694a, consiiH uf 
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a, A hmd for rtooMng the wlrei which conacet the Aim with the magnet and the 
earthy. 694 A 

bi in the inaalalcd wiiMi with the tenalaala of which the priming material U in 
cloce cootaet 

c. or a email eaitridge or charge of powder, eacloaing the terminala, upon which 
the iKineitive eompoeition reeta. 

The wooden AiM*head oontaine three perfbratiooe (a a, b 6, ce.ytp. 694 b ) ; the one, 
pawing downwards through the centre, reeeivee about two indurs 
of dottole insulated wire, d. The other two perforations, which 
are parallel to each other on each aide of the central one, and at 
right anglaa to it, nerve for the reception of the circuit-wires. 
The arrangement for M^euring the connection of theac with the 
iusnlatcd wires in the fuses is as follows : — 

The piece of double covered wire above referred to. is origin- 
ally of a sufficient length to allow of the gutta percha being 
removed from about U inches of the wires. These bare ends 
of the fine wirea, which are made to protrude fnmi the top of 
the fuse-head o, 6946, are then pressed into slight grooves 
in the wood provided for their protection, and the extremity of 
each IS patted into one of the horiaontal perforations in the 
head, in which position it is afrerwarda fixed by the introduction 
into the hole of a tightly-fitting piece of copper tube, so Uiat 
the wire is firmly wedged between the wood and the exterior 
of this tulio, and ia thus at the same time brought into close 
contact witli a compuraiivclv larp surfiice of metal. It will be 
seen that it is only necessary to fix one of the circuit- wires into each of these 
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tulies in the opposite sides of the fuse-head, in order to 
ensure a sufficient and perfectly distinct eonneetion of each 
one of them with one of the insulated wires in the fuse. 

The phosphide of cupper fuze for firing cannon, /p. 694 c, 
differs Boiucwhat in construction from the mining fuse. The 
Ik od is somewhat longer, and of such a fonn that the double- 
covered wires are cooipletely enclosed in it, the lower ex- 
tremity of its central perforation still remaining free to re- 
ceive the top of the quill or copper-tube, winch ia charged 
w itb gunpowder in the same manner os the ordinary tube 
ariangcnieut for firing cannon. 

The plan originally suggested by M Su\are, of firranging 
the charges in divided circuits was next tried, and frirnished 
far mure successful results. The siuiultaneoiis ignition of twenty -five charges, was 
CU4 c 1 ‘^'PvutcHlly effected ; and forty charges were similarly exploded on several 

occasions These results were all obtained with the large magnet constructed 
by Henley, tiie current being established by rapidly separating the arma- 
tiire frvim the poles by means of a lever. Ily a simple arrangement for 
sliifring the connection of the main wire with the exploded charges firom 
tlieiu to a second aeries, similarly arranged, twenty-five were almost simiil- 
taneouhly ignited on allowing the armature to return to the poles of the 

I inttjraet* 

■ The system of firing charges by means of mogneto-electricity, with the 

I aid of the phosphide of cop^T fuse, having been thus far successfully 

■ developed, a siTies of experiiiienu was instituted at Chatham, for the 

■ purpose of thoroughly testitig its certainty and applicability iu the field, 

■ and siibse<)uently for ascertaining the extent to which it admitted of appli- 

■ cation to the explosion of submarine charges, llicsc experiments extended 

■ over B period of sin months, and were perforntfd under various conditions 

^ of weather. It will readily be understood that the best and most simple 

metliod <if eonm^cting the frises, enclosed in the charges, with the branch-wires and 
tlie larlh, of arranging the cspenmcntol charges for explosion, and of carrying out 
the varioui small hutt^ntial details involved m the operations, were only gradually 
armed at; and iMPronBequeotly, In many of the first experiments, which were 
only partially lacceifffril, the fkilures were traced to causes unconnected with the 
efficiency of the magneto-electrio apparatus, or the fuse. It would he superfluous to 
enter into details with regard to those preliminary experiments, however important 
they were at the period of the investi^tion ; the description of the operaUons at 
Chatham will therefore he confined to those which were carried on according to 
die ploii which was ultimately proved to be most effielent The magneto-eleetrio 
apparatus employed in all the field experiments was Mr. Wheatstone's amngeme&t 
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of six uBiil] ffiago^ the whole ApparetM hefing beeo eacloied in e box, ao that Iho 
only «x|»OMd portiona ware the binding aerawa for the ■tteohment of the wires, n 
handle for setting the armatures In motion, and n hey, by the deproaatoik of which, 
at a gWen signal, the eircoit could be omapleted. 

To eni^o? the iustrument at any moment, only the following operations ware 
necessary ( the inaulatad wire and the copper wire passing to the earth were fixed to 
the apparatus by means of binding screws : the instrument was raised from the 
ground by being placed on its packing case ; at that height, a man could operate 
with it when in n kneeling poetura. At the eignnl ** Kaady " the handle was turned 
with one hand, so m to cause the armatures to reroive with the greatest possible 
Velocity, whilst the other hand was pressed against one comer of the inatrument 
close to the key, so as to steady the box and to be ready, at the signal ** Fire,'* to 
depress the key with the thumb. 

The connection of the iostroment with the earth was effected as follows : a mode- 
rately clean spade was selected from among those need by the men in digging holes 
for toe charges. One end of a pieoe of ctont oopp«r wire was placed under the edge 
of the spide, so that, when the latter was firmly forced into the gi^nd, the wire wac 
pressed by the earth on both sides against the iron surface. The protruding wire 
was wound once or twice round the Mttom of the spade handle, and then attached 
to the binding screw of the magnet 

The gutta-percha corered wire used in the experiments having been in occasional 
service at Chatham for some yem, the coating had sustained some U4nry in two or 
three places. Such defects were protected from possible contact with the earth by 
means of waterproof cloth or sheet India-rubber. The total length of wire used 
was 881 yards^ ot which 600 were extended, lying along the ground. 

To the extremity of the covered wire n number (from lil to 26) of pieces of similar 
insulated wire, varying in length between three and six yardA, and serving to connect 
it with the individual charges, were attached in the following manner : about six 
iuchss of the extremity of the mxio wire and of each of the branch wires were laid 
bare and cleansed s the end of the former was then surrounded with those of the 
latter (placed in an opposite direction) and the whole tightly twisted together by 
means of pliers, so as to be brought thoroughly in contact with each other and witit 
the mnin wire. The twisted wires were then bound round with moderately fine 
cupper wire, which was made to biin^ every portion of the exterior of the bundle into 
connection. The joint was made rigid with pieces of stick tied against it, and the 
whole securely enveloped in a piece of waterproof cloth or canvaaa, to protect it from 
damp and contact with the earth. 

These connections, though of a very rough deseriptfon and most readily prepared 
by any soldier, were thoroughly effectual. No instance occurred, in the whole of 
the experiments, of the failure of a charge, which could be attributed to an iniperfrei 
connection of its branch wire with the main wire. 

The following was the method adopted for connecting the fnses with their respeo* 
live branch wires and with the earth. 

The flues, as they were manufactured, were always fitted with two pieoee of 
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covered wire twisted together 694 which were tightly fixed Into their proper 
positions by fbroing a abort pin copper wire into the holes of the fhse-heid. They 
were thus ready for inaertion into the bag or other receptacle containing the charge 
of gunpowder, the ends of tlie covered wires protruding from the opening of the 
letter to a convenient distanee for effecting the jnoction with the branch and earth- 
wires. The extremities of one of the fuxe-wires and of a branch wire (from both of 
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which the gutta-percha wai removed to a distance of about two inches) were eon« 
nected by hiking them firmly one in the other with pliers (in the mafinsr shown in 
Jijf, 694 e.) A piece of fine copper binding wire was then twisted over fibs whole of 
the eouoection, and the joint wal finally enclosed in a small wrapping of olledcsnvss, 
in a manner similar to that adopted at the principal junction with the main wire. 
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The cktremitj of the other fhie-wire waa etleohed to ea uneoTered copper wire, 
of lattctent Ungtih to bring the whole of the ebnrget into eonneotion with each 
other In thie niamier. The wire waa fixed in a oonveoient poattioo by being twiited 
round abort atakea or piokett driven into the ground, and lu extremitiea were buried 
in the earth, being atuehed either to apadet, aa already deaeribedi or to aine piatea 
about eight iiichea aquare. 

The exf>eriinenta inatitnted at Chatham with the ohJeet of applying the magneto- 
eleciric current to the ignition of Mubmartne chargea were attended with greater 
ilifnculties than thoae which aerved to teat the t^aiem inita application to land-opcra- 
tinna I ni'verthclcM, the reaulta ultimately attained were alao of a character to lead 
to definite and favourable eonclusioua. 

*J'he method of eatahllahing the coonectlona of a charge with the wire and the 
earih differed naturally in aoinc reapecta from the mode of proceeding already de- 
arnlied. The chargee of powder were conuioed in caniHteni of block tm carefully 
aoldeied so aa to be watertight.* * The fine, with two wirea attached aa before*, the 
one a lew inchea longer than the other, waa inaerted into the charge, and fixed in its 
|irop4*r poaition in the canister by mcana of a loose fitting bung, ttetjiy. 094/. pushed 
a little distance into the neck, and cut out on one aide, 
so as to admit of the paaaage of the longer insulated 



wire, while thu hare part of the shorter wiie waa firn.ly 
pressed by the cork against the inaidc of the neck. 
The latter was then completely filled up with melted 
gutta percha, aud the extremity of the short uncovered 
wire was lient back over its side, so aa to be in close 
contact witii the metal siirfiice. In this manner, the 
enclosed fine waa brought into good metallic connection 
with the wet earth, or water, by which the caniatcr was 
surrnniided. 

The insulated %^ire, prelecting from the mouth of the 
canister, was connected with one of the branch wires in 
the manner already described; but in order thoroughly 
to protect the connection from the water, in which it 
would become iniiiiersed, a piece .of vulcanised India* 
1 ubber tubing, of suitable length, and a tin-tube, rather 
longer and wider than the latter, were slipped on to 
the branch-wire before it waa joined to the fuze wire, 
and, when the junction had been cffi*cted, the India- 
rubber tube was pulled over it, and tied very firmly at 
both ends on to the gutta-percha covering of the wji'es, 
Jig. 094 g. A aiuall quantity of a cement (conaisting of 
bees- wax and turpentine) was rubbed in between the 
latter and the ends of the India-rubber tube, so aa 


thoroughly to ensure the exclusion of water, and finally 
the tin -tube was pulled over the joint, and fixed (by 
tompresaing the ends) for the purpose of imparting 
rigidity to the junction, and thus protecting it from in- 


jury by any auddeu twist or strain. By these arrange- 
ments, when oarried out with moderate care, the perfect excluaion w wakr from tiie 


charge and from its connection with the branch wire waa effected. 

The first trials of these charges were made in a shallow canal with a mud bottom, 
aud from which at the time of experiment the water wu regediug so rapidly, that 
before the whole of the charges had been immened, several of them were exposed to 
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view, being paitlyJ|f|Rdded in the mod. Twenty-five charges wore arranged, of 
which thirteen wcraekploded, though leas rapidly than in the experiments on land. 
()u the next ocoaaion, when twenty-five charm were entirely soiroanded by water 
(simply resting upon the firm bed of a pond of some depth), only four of the charges 
were* exploded. Several other attempts wrm made to fire a smaller number of (ten 
and five) charges similarly immersed, bat in every instanoe only four were ignited. 


* ***** matprlal, lueb u tiirpaatlM earn, majr be employed, profided they be perCNtly 

coaled ui«lde with marine glue, or some other deiciipClim of ramUh. 
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A otnftil esAminaibn into the eame of the inTeriable eiploeloa of lo oomparatiTel j 
limited a nnmber of chai^et onder water, led to the following esplanition : 

It will be rememben^ that the exptoeion of numerooe eharges in a dirlded eiroolc 
by the ma^e^eleclrio apparatus with revolving armatiires is eflboted by the action 
of an ezoeedingly rapid snoeessioa of eurrenta. The inpidity with which they 
follow each other, however great, cannot equal that with woich the terminals of a 
fuse, enclosed, in a small charge, under water, come into contact with Che latter 
after the explosion. The instant this occurs, a complete circuit is established through 
the water, and any further action of the current is at once arrested. By the time, 
therefore, that four charges had been ignited in extremdy rapid sncoessien, so as to 
be apparently exploded at once, a snflcient interval of time bad in reality elapsed to 
allow the water to re-oocnpy the space filled ft>r a brief period bj the gaseous pro- 
ducts of the first explosion, and thus to rush in upon, and compU'te the circuit with, 
the terminals of the fine. It appean probable dial, with tiie employment of larger 
charges of powder (about eight ounces was the qaantity exploded in each charge) 
when the volume of water displaced by the expAosKMi would be more oonsiderable; a 
great number of charges would be exploded before the circuit could be completed by 
the water. 

ELECTRIC LIGHT. Varioos attempts have been made, ttom time to time, to 
employ electricity w an illummating power; but hitherto without the desired succesa 
The voltaic battery has been employ^ as the source of eleotricity, and in nearly all 
the amngementa, the beautiful arc of light produced between t^ p^as, from the 
points of the hardest charcoal, has been the illuminating source. One of the great 
difficulties in applying this agent arises from the circumstance that there is a trans- 
ference of iheonarooal from one polo to the other, and oouseqnantly an altention in 
the distance between them. This gives rise to considerable variations in the intensity 
and colour of the light, and great want of steadiness. Various srrsn^ements, many 
of them exceedingly ingenious, have been devised to overcome these difficulties. 

The most simple of the epparatua which has been devised is that of Mr. Sthite, 
which has been modified by M. Archereau. Two metal columns or steins, to which 
any desired form can be given, are connected together by three cross pieces, so as to 
form one solid frame ; one of these croM pieces is metallie. It is the one which occupies 
the upper part of the apparatus ; the others must be of wood. These latter serve ss 
supports and points of attachment to a long bobbin placed parallel to the two columns 
and between them, and which must be made of tolerably thick wire, in order that the 
current, in traversing It without melting it, may act upon a soft iron rod placed in the 
iuterior of the bobbin. This iron rod is soldered to a brass stem of the same calibre, 
and of the same length, carrying at its free extremity a small pulley. On the opposite 
Bide the iron carries a small brass tube, with binding scr^s, into which is introduced 
one of the carbons, when the entire rod has been placed in the interior of the bobbin. 
Then a cord fixed to the lower cross piece, and rolling over a pnltey of large diameter, 
is able to serve as a support to the movable iron r^, running in the groove of the 
little pulley. For this purpose, it only requires that a oonnterpoiie plaM at the end 
of the cord shall be enabled to be in equilibrio with it The metal cross piece which 
occupies the upper part of the apparatus, carries a small brass tube, wbiA descends 
perpendicularly in front of the carbon that is esrried by the eleotro-magnetie stem, 
and into which is also introduced a carbon crayon. By means of a very simple ad- 
justment, this tube may besides be easily regulated, both fur its height and for its 
direction ; and consequently the two carbons may be placed very exactly above one 
another. The apparatus being adjusted, we place one of the two metal colnmna of 
the apparatui in connection with one of the poles of the pile, and lAuie the other 
pole to abut imn the efipper wire of the bobbin (one end of which is soldered upon 
Its socket). The current then passeefrom the bobbin to the lower oarbon by the rod 
itself that eapporli it, and passing over the interval seimrating the two carbons, it 
arrives at the other ^1e of the pile by the opper cross piece of the apparatus and the 
metal eqlumn, to whicli one of the eonduoting wires is sttsohed. 

So long as the oorrent is passing and producing light, the bobbin resets upon the 
iron of the electro-magnet rod, which carries the lower carbon and attracts it on 
acoonnt of the magnetic reaction that solenoids exercise over a movable iron in their 
interior.* It is this which gives to the carbons a Mporottoasif^ieafybr tk^hamnewMeffttL 

But immediately the current ceases to pass, or is weakened, in consequenoe m the 
eonsiimptioa of the carbons, this attraction ceases, and the movable carbon, acted on 
hf the eonalerpoiac, is found to be drawn on and raised nntil the current passes 
a^n ; eqoilibnnm is ngiin estabUahed between the two forces, and the carbons may 
he employed again. Thns» In proportioii as the light tends to dacreaoa, tho conn- 
teraoise rencta; and this it is that always maintains the intensity of the light oqoaL 

M. Breton has an apparatus which dlibrs somewhat from tha abova, and M 
Fottcanlt has also devised a very ingenious modification. 
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IM 

M. Ssbowq hM md* bj flir the newt foeoeiifyil amogoaiiiit, for t deBcrlirtimi of 
which worn laMled u>IhhMivt^M TVca^iMMJSteeWifeiiirttnnclated by C V. Welker. 

The two ecrboiii, hetween which the light ii derdoped, barn in contget with the 
nir, and ahorten at each instant i a mechanism is consequently necessaiy, whicli 
brings them near to each other, proportionaliy to the progrets of the combnsto t 
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and dnee the positiTe carbon stdrers a mom rapid combustion than the negative, it 
must travel mom rapidly in ftce of this latter | and this in a mlation which varlos 
with the thiekness and the natnm of the caiboo. The mechanism must satisfy nil 
these exigencies. The two carbons are unceasingly solicited towards each other, 
the lower carbon by a spiral spring, that canses it to nse, and the upper carbon by 
Its weight, which canses it to descend. The same axis is common to them. 

The gaivKuic current is produced by a Bunsen’s pile of flrom 40 to 60 denents t 



109 


ELECTRIC UGHT. 

It irr'iTM at the two earbeni, u in tpparatna alrenO j known, puling throngh a hoUr w 
deotro-magttftt concealed in the column of the initinmont When the two oarboni 
arc in oontaet, the circuit ic clue^ the electro-magnet attraeti a soft iron, placed at 
the extremity of a leeer, which ic in gear with an cndlem screw. An antagonist 
spring tendf alwajrs to unwind the screw u soon u a wparntion is prodneed between 
the two carbons ; if it is a little considerable, the cnrrent no haga^ passes, the action 
of the spring becomes predominant the screw is nnwonnd and the carbons approach 
each other until the current, anin commencing to pau betwun the two earbons, the 
motion that drew them towards each other is relaxed in proportion to the return of 
the predominance of the electricity over the spring \ the combustion of the carbons 
again increases their distance, and with it the snpmr aotiem of the springy benoe 
follows again the predominance of the spring, and so on. Tbeu are altematiTcs of 
action and reaction, in which at one time the sprinm at another time the electricity, 
has the predominance. On an axis, common to the two carbons, are two pulleys i 
one, the diameter of which may he xaried at pleasore, eommnaicatu by a cord with 
the rod that earriea the lower carbon, which co r rey g da with the poaltire pole of the 
pile : the other, of inxariahle diameter, is in connection with the npper or negative 
carbon. The diameter of the pulley, capable of varying proMtiionatoly to the using 
of the carbon, with which it is in communication, may be increased fitnn three to 
five. The object of this arrangenvgnt is to preserve the luminous point at a con- 
venient level, whatever may be the tiiickness or the nature of the urboni. It is only 
necessary to know that at each change of kind or volume of the urbon, the diameter 
of the pulley must he made to vary. This variation results from that of a movable 
drum, oommnnicating with six levers, articulated nur the centre of the sphere ; the 
movable extiwmity of the six arms of the lever earriu a small pin, whien slides in 
cylindrical slits. These slits are oblique in respect of the sphere y they form inclined 
planes. A spiral spring always rests npon the extremity of the levers y so that, if 
the inclined planee are turned towards the right, the six levers bend towards the 
centre, and diminish the diameter. If, on the contraiw, they are tamed towards the 
left, the diameter increases, and with it the velocity of the translation of the csrhon, 
which eommunieates with the pulley. We may notice, in passing, that this apparatus 
is marvellously adapted to the production of all the experiments of optics, even the 
most delicate y and that, in this respect, it advantageously supplies the place of solar 
light As it is quite impossible to describe accurately me minute arrangements of 
this instmment, the letters of reference have not been used in the text 
Dr. Richardson informs us, that although Mr. Grove calculated, some years ago, 
that for acid, sine, wear and tear, &c. of batteries, a light etjualto 1444 wax candles could 
he obtained for about 3s. 6d. per hour, the cost of the light employed for about five 
minutes at Her Mgjesty's Theatre, as an incident in the ballet which was obtained by 
employing 75 cells of Callan*s battery o^tbe lar^st sixe, was said to he 2/. per night 
or at the rate of 202. per hour. In this calculation we expect we have not a fair re- 
presentation of all the conditions. To obtain a light fbr ten minutes, a battery as 
large must he used as if it were required to be maintained In activity fer honrs— and 
probably the battery was charged anew every evening. There ean be no doubt but 
the cost of light or of any other /oree from eleetricity, with onr present means of pro- 
ducing it, must he greatly in excess of any of onr ordinary means of producing illn- 
mination. For a consideration of this subject, tee EucTBO-HonvE Enoinbb. Mr. 
Grove proposed a light which ahould he obtained flrora incandeseent platinum, hut the 
oljection to this was, that after a short period^ fhe platlDom broke up into small par- 
ticles, the electrio ouirent entirely 4>(tnt«#NitiDg the metsl. Mr* Way hss lately 
exhibited a very oontinnons electrio light, prodnoM firom a oonetont flow of mercury 
rendered incandiseent by the passage of the electrio current 

IFiWs MagMto^Efeetrk meAtae.— The princMe of this apparatos, which 
has been recently invented by Mr. Wilde of Manohester, for the purpose of 
obtaining the eleetrio light more promptly and of higher density than has hitherto 
been done, consists in dtreetlng a cnrrent of electricity from an eleetro-magnetio 
machine anned with permanent magnets, so as to excite a still more powerftil 
eleetfo-magnet This eleetro-msgnet is anin used by Mr. Wilde as the Ms of a 
ctin Isrger electro-magnetic machine, in which indoction carrmts ate generated by 
its sgen^. The electrio cnrrent is obtained by the well known mcana of casing 
the roimum of an armatne eloee to the poles of a permanent magnet, this electrio 
enirent being made to pass round an electro-magnei, which causes it to |Mnoe a 
hr greater imoant of msgnedsm than was po s sess e d by the flwt magnet it again, 
the amount of magnetism thus obtained, is pasmd round a still larger electro-magnet, 
we ibonld prodnee a vastly greater development of eleetrio fiweet thcrabre, by the 
application of snfllelent power to rotate the several armatures, thers seram to be no 
limit to this multiplication of force, excepting the excessive heat developed by the 
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fOUtUm of the omuitom and the inteniity of the light prodooed. The conetnietion of 
thb machine will he more readily nnderatood by ^e annexed diagram, repmenting 
an end riev. At a are cixteen permanent borseaboe magnetic which are bolted on 
to a hollow magnetic cylinder, d e 6, which it compoced of brau and irun, and 
arranged that the iron portlona of it, 6 d, are acrewed on to ^ le^ctiTe poles of the 
magnets at d, separated from each other by the bram pieces r, and forming one 
entire north pole and one entire south pole to the sixteen magnets. The armatuTo 
a, which Is msde to lerolve in close proxtmlhr to the interior of this cylinder, in 
suitable bearings at the extremities, consists of a cylinder of cost iron on which it 
wound in direction of its length about fifty feet of insulated copper wire one-eighth 
ofim inch in diameter, and is bound round with brass rin^, in order that the 
csalllfrigal force caused by the rapid rotation may prevent the wires from flying ont 
of position { the inner extremity of this wire is fixed in good metallic contact witli 
the armature, the other end being connected with the insulated half of a commutator 
which is placed on one end of the aimature. The armature is made to revohe at 
the rate of 3,500 revolutions per minute, by a driving band working on a pulley 
attached to the other end of the armatnre. linriiig each revolution of this armature 


two waves of electricity, moving in op|)osite directions, are induced in the insulated 
copper wire surrounding the armature; the rapid succession of the alternating waves 
thus generated at the rate of 5,000 per minute are by means of the commutator con- 
verted into an intermittent current moving in one direction only, which is conducted 
along the wirea 

The electro-magnetic machine, by which the light is produced, is of precisely the 
same construction as the magneto-electric machiue 
above described, except that instead of the permanent 
magnets a, an electro-magnet t is substituted; this 
electro-magnet is formed of two rectangular plates of 
roiled iron, 35 in. in length, 26 in. in width, and 1 in. 
in thickness ; they are bolted parallel to each other, to 
the magnetic cylinder y, which is similar in construction 
but of larger dimensions to that described above. These 
plates are connected together at their upper extremities 
by a cross-piece formed of two thicknesses of the same 
iron ; around the sides of this electro-magnet is coiled 
an insulated conductor 3,300 feet long, consisting of 
u bundle of seven No. 10 copper wires, laid parallel to 
each other and bound with a double covering of linen 
tape; the (xtremities of this conductor arc connected 
with the studs k k, tliereby connecting them with the 
wires h k. The currents of electricity which produce 
the light ore taken fWwi steel collars by means of springs 
<7 p, tnenee to the studs at / /, from which it can be 
conveyed by conductors to any required place. The 
power required to woik such a machine aa this is derived 
from a seven-horse engine, at a oost for coal of one 
halfpenny per hour. In addition to Ibis must be added 
the expense of the carbon rods for the lamps, which will 

about ten inches per hour, worth perhaps a penny. 

The total cost of working, including interest on the coot 
of purchase of machines, ci^nse of maintenance and repairs, would he perhaps about 
4d. or Bd. per hour. The light produced is estimated to have an intensity equal to 
6,000 wax candles. A more detailed account of this machine will be found in the 
••Quarteriy Journal of Science, No. XU. Oct. 1866. 

ELECTRIC 'WEAVING. M. Bonelli devised a veiy beaotifhl arrangemenr, by 
which all the work of the Jacquard loom is executed by an electro-magnetic arrange- 
ment. The details of the apjmratus would occupy much space in the most concise 
description, and as the invention has not passed into use, although M. Froment has 
modified and improved the ihachine, we most refer thosq interested in the sul^ect to 
the fiill descriptj^given in Ge /a EiWt TVeatisc on Elictiieitff by Walker, 

ELECTRO-fliDING BATH. Sec Otanides. 

ELECTRO-METALLUBGY. The art of working in metals was carried on 
exclusively by the aid of flie until the year 1839. At that epoch a new light dawned 
upon the sul^eet ; considerable interest was excited in the scientific world, and much 
astonishment among the general public by the announcement that electricity, under 
proper management, and by most easy processes, could supersede the fVimace in not 
a few operations npon metals ; and that tamof operations with metals, which could 
scarcely bo entertained under the old condition of things, plight be placed in tha 
hands of a child, when electricity Is emjdoyed as the agent. 
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Public ftitentioB wm first directed to the important diseorcry be n notice thit 
nppcnred in the Afhenamm of May 4, 1839, that Professor Jacobi of St. Petersbafs 
had ** found a method of cooeeittng any line, hoircTer fine, engraved on copper, into 
a relief, by gllvanie process.** Jacobi^i own account of the matter was that, while at 
Dorpat, in Febroar)|, 1837, prosecuting his galvanic inveitigatioiis, a striking phe- 
nomenon presented itself, which fnmisned him with perfectly novel views. Omoial 
dnties prevented his completing the investigation, thns opened out to him, during the 
same year } and it was not until October 3, 1838, that he communicated his dis- 
covery, accompanied with specimens, to the Academy of Heienees at St. Pctenbnrg t 
an abstract of which paper was publUhed in the Osman TVsws of the saws place on 
October 30 of the same year. And in a letter of Mr. Lettaom, dated February fi, 
1839, the nature of the diecovery le thus given In the fbllowing March number of the 
AnnaU of EltctrieitM- Speaking of a recent discovery of Professor Jacobi’s he says, 

“ He observed that the copper deposited by galvanic action on his plates of copf^, 
oould by certain precautions be removed those ^tea in permt dieets, which 
presented in relief most accurately every aceideiital indentation on the original plale^ 
Following np this remark, he employed an ongnved oopper-plate for hit battery, 
caused the deposit to be formed on it, and removed it by some means or other) he fouM 
that the engravlng^wai printed thereon in relief (like a woodcut) and sharp enough 
to print firom." Tbia paragraph doea not appear to have caught the uye of tne 
public so fcadily as the briefer note that appeared a couple of oionths mr In the 
Athenaum, 

On filay 8, or four days after the appearanee of the notice in the if CAsneswu, Mr. 
Thomas Spencer gave notice to the Polytechnic Society of Liverpool that he had a 
communication to make to the society relative to the application of electricity to the 
arts. He lubt^uently desired to communicate the result ol hit discoveries to tlie 
British Association whose meeting was at band ; but, for anine cause, which does not 
appear, the communication was not made ; and it eventually uas made public, as at 
first proposed, through the Polytechnic S<toiety of Liverpool, on September 12, 1839. 
In the meantime, namely on May 22, Mr. C. J. Jordan, referring to the notice in the 
Aihenaumt wrote to the Meehantct* Magaxine that, at the commencement of the 
summer of 1838, he had made ** some experiments with the view of obtaining im- 
pressions from engraved eopper^phUes by the aid of galvanism.” His letter de- 
scribing this process appears in the number for June 8. It occurred to him, foom 
what he had gathered firopi previous experience, that an impression might be ob- 
tained foom an engraved surface ; and so it was, ”for on detaching the precipitated 
metal, the most d^cate and superficial markings, from the .fine particles of powder 
used in polishing to the deeper touches of a needle or graver, exhibited their cor- 
respondent impressions in relief with grear fidelity.” 

Mr. Spencer in his communication, besides noticing the fidelity with which the 
traces on an original plate were copied, recorded the case of a copper-plate that bad 
become covered with precipitated copper, excepting in two or three places, where by 
accident some drops of varnish had fallen; whence it occurred to him, and experiment 
confirmed his coqjeoture, that a plate of copper might be varnished, and a design made 
through the vamish with a point, and copper migjit be deposited upon the metal at 
the exposed part, and thus a rais^ design be procured. 

In the PhiioBophical Magazine for December, 1836, Mr. De la Rue, after describing 
a form of voltaic battery, refers to the well-known condition on which the properties 
of the battery in question mainly depend, that ”tbe copper-plate is also covered with 
a coating of metallic copper, which is continually being deposited ; ” and he goes on 
to describe that ** so perfect is the sheet of copper thus formed, that being stripped 
out, it has the counterpart of every sorateh of the plate on which it is deposited.” 
Daniell himself, whose battery is here In question, noticed as he could not fail to 
do in common with all who had employed his battcrv to any extent, the same pecu- 
liarities ; but it does not appear that ei^r he or De la Rue, or any one elte, to whom 
the phenomenon presented itself before Jacobi, Jordan, or Spencer, caught the ides of 
its applicability in the arts. It would also appear that the impression came with the 
greater vividness to the two latter; for, while bnt little time seems to hare been loct 
to them in realising their idea, twenty long months elapsed between the time when 
the ” perfectly novel views” first presented themselves to Professor Jaeobi, and the 
time when his ** well-developed galvanic production’* was oomnanieated to tibe 
Imperial Academy of Science Bat, on the other hand, neither Mr. Jordan nor Mr. 
Spenoer appear, u fiu* as we are aware, to have been so sensible of the importanoO 
ofthe results to which they had arrived as to have taken any stepa to aecnre fhem 
as an invention or to publish them, until their attention was aroused by the previous 
publication of the snecesses of Joeohl , 

Jacobi’s ««Oalvano-plaitik.” Smee^s and also Shaw’s ‘^Bleelvo-iiietaUargy,” Walker^ 
Vol.il M 
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** KlMltotjrpA MfUitpattUoa,** ftmr wcU-known worktdii tbn beflira oi, prcMt 
tiM ditfkrenc mmm andtr vbieh tbe art ia knowo | tod ftm vhieh H la gathered 
tliat metata mfty beeomc, oa U were, plaatto uoder the agaiey «f galTanie electricity, 
nd may he vented and tnonided into form. Voltaie pm arc Meribed in neneral 
tenuM in the arlicJe on Ei^wrim-TBLnoiiAnf r. Tlie parttcnlar eoltile padr which led to 
thn diaeoveriea now before oa, here reqnirea apeoial notice i beeanae, oa the one hand, 
while in oie for other purpoaea, it waa the hittruroent which tot directed attenttea 
forcibly to the beharionr of metala under certoin cond|tiona of eleetrie enrrent ; and, 
on the other hand, it haa been itaelf eiteoairely nto hi elcetrotype operationa. 
Profoaaor Daniell flrat deacribed bia mode of arranging • eolcaie pair in the Pkilth- 
aydy t / Tnt^riiemt for 1836 Fig 69.1 shows one cell eomplele of Dnniell’a coni- 
bmntion, which foon its behavhmr ia calird a conatant battery, a ii a copper reesel | 
n a rod of xinc« containtd in a tnbe c of poi^ earthenware. 

606 The liquid uiiliin the tulie c ia aalt and water, in which case the 
ainc is in ita natural state t or, tulphurlo acid and water, in 
which case the sine ia amalgamated ; the latter arrangement being 
the more active tif the two. The liquid in the outer veaael a, con- 
aiata of cryatala of aulphiite of copper, disholvcd in water. At c 
ia a perforated shelf of copper below tlie aurflice of the liauid, 
upou wiiicli arc placed apatv oryatala of sulphate of copper, which 
diaaolvc as required, aqd aervo to kaep up the strength of the 
solution in pr<»|^rtion aa the copper already there is extracted ny 
the voltaic action hereafter to U* dcscribcHl. a and b are acrewa, 
to which wires may he attached, in order to connect up the cell 
and convey the current from it into anv desired apparatus. Certain 
chemical chanfwa take place when this inatniment ia in action ; 
oxygen ft'om inc water within the porous tnbe combines with 
aiiic, making oxide of sine, which enters into combination with 
sulphuric acid, producing aa a final result anlpbate of ainc ; hydro- 
gen ia libiTated ftom water in the outer cell, and itMlf liberates 
oxygon iVom oxide of copper, and combines with it pfodneing 
water, and leaving copper free. As for aa the metals are con- 
cerned, ainc is consumed Jrtm the rod n, at the oue end, and copper is liberated 
MfHm the plate A, at the other eud. These actions are alow and continuous { and 
Uie copper, as it is liberated atom by atom, appears uptyi the inner surface of the 
tell ; and after a sufficient quantity has been accumulated, may be peeled off or 
nmuived ; when it will be found t<} present the marks and features o|{||8be surfooe 
IWun which it baa been taken, and which, aa we have already said, arrested the 
090 attention of many into whose bands this instrument fell. A alight 
modification of the above arrangement gives nt a regular electro- 
type apparatus. The cell e in this arrangement {Jig. 696), is of glaaa 
or porcelain, or gnita pereho, filled as before with a saturated aolutitm 
of sulphate of copper, to which a littlo ftwo acid is generally 
added ; it is provided with a shelf or other meana of anapendiiig 
crvatals of sulphate of copper. A sine rod 0 is pbeed in a porous 
tube jp, oa already describe } and «, the other metnl of the voltaio 
pair, is suspended in the ooppor solution and oonnected with the 
sine I by the wire ir. The oleotfio current now passea ; sine b 
eonanmed, aa ia Jig, 696, but eopper is now deposited on the metal 
M front and hack, and on ns mueh of the wire w as may be in the 
liouid } or, if Mr. Spencer's precaution is taken of varnishing the 
wire and the back of the metal m, all the copper thot is liberated 
will ho acoomolnted on the face of m. If salt and water or very 
weak add water is eontained in the porous tube p, and the sine z 
does not considerably exceed in siae the mepU m, the conditions will be complied 
with for depositing copper in a eqmpaet reguiine form. 

It is obvioQs that, with this arrangeme^ii m may be a mould or other form in 
metal, and that a eppy of it may be obtahsed in copper. Fusible metal, consisting 
of 8 parts of Mtonth, 4 of tin, 6 of and 1 of antimony ; or 8 parts bismuth, 
3 tin, and 6 l^^is much used for taking moulds of medals. The ingredients are 
wdl melted together and mixed ; a quantity sufficient for the object in view is 
poured upon a slab or board and stirred tether till about to set ; the film Of drost 
*is then quickly cleared from the eurfooe with a eard, and the cold medal is either 
projected upon the bright metal, or lieing previously fitted in a Mock of wood ia 
applied with a sudden blow. Moulds of wax or stearine yariously combined, or 
more recently and better in many cases, moulds of gatu pereha, are applicable to 
many purposes. But, at aone of these latter materials conduct electrieityi H is to 
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081117 ^ pKvrido thorn with a eondoetmt •nrihceu Plnoitefo «r hlook kad b 
almook aai VinHy oonpiojid fbr th‘i panoi t it io rabM aror tbt oarfooe of tho 
iBoold with a pifoo of wool on a ooft >r«ih, earo boii^ lahon to oontimio it ai flur m 
to tho coniBolIng int% by which the noahl io oonncotid with the lino* With 
monldi of ooUd wetal, il« dcpoiit of copper eommcnoi thronghont the entire inr- 
&ee at once ; bat* with mould! haring only a Aim of plumhago lor a eoodnetor, 
the action commend at the wire and oatenda itaelf gradually until It baa been de- 
reloped on all parta of the ourfiiee. 

The nature of the eWetro-ehemieal deoompoeitiona that are doe to tha pan^ of 
roltaie enrrente through Uqoida, eapceially through lionida in which nHak ia in oer< 
tain fiinna contained, ean be brat nndoratood by atndying the amngemont that ia 
moat commonly naed in tha arta* wherein the rcltme apperalua* trim whieh the 
electric current la obtained, it dwtinct end eeparate ftom the reaavl in which the 
eleetro*metal1iirgieal operatloue are being bronght abont Such an arrangement ia 
■hown in Jig S97, where a ia a DanieU*a Gcll*aa tn^ MO ) and n n trough ilUed with 
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in acid aolution of aulphate of copper i « ia a metal rod, on which the moulda are hung | 
and e a metal ro^ upon whieh platea of copper are hung (being the mouide } the 
CQpper-platca arc connected by the wire a with the copper of the battery cell, and 
the moulda by the wire e with the sine rod. The roltaie current is generated in the 
cell 1 . and its direction la from the sine rod, through the aolutiona to the eopper of 
the cell I thence by the wire x to the platea of copper e ; through the aulphate aoln- 
tion to the moulda m ; and thence by the wire « to the line rod. In this arrangement, 
no- shelf in ncoeaaarj in the trough n for cryatala of sulphate of eopper to keep op the 
strength of the solution ; for the nature of the eleotro-ehemical deeompoaitlona ia 
such, that in proportion copper is abstracted and deposited upon the moulds m, 
other eopTCr ia dtsaolved into the solntion from the ptotea e. Water is the prime 
subject of decomposition. It is a compound hodjy, consisting of the gsses oxygen 
and hydrogen, and may be represented hyy^. 696, where 
the arrows show the direction in which the enrrent, by 
the wire p, enters the trough b fufjlg- 697 by the platedf 
eopper c. and passes throt^ Aw water in the direction 
shown, and leases it after traTening the mould by the 
wiren. Two afomt of water o h and o' H'fas bracketed 
I and 2, are shown to exist before^ the elMtrie current 
passes I and hoo atoms, one cfwatef'BO^ (Ihracketed ]'), 
and one of oxide of eopper o c. exist after the action. On 
theone hand sn atom of cop^r c has come into the solution | aiid,OB the oAier hand, 
the atom of hsdrogeo b\ belonging to the second atom of water, is set free and riaea 
in the form of gas. The explanation is to show that owgen is libentteA where the 
enrrent enters, and combines there in its nascent state with esypar i It weold not base 
oombbed, for inatance. with gold or platiDam. We might easily extend this lym- 
bolieal 6gnre* and show how that, when free anlphurle aeid is In the aohUloB, the 
oxide of coj^r on its formation eombinca with this acid to produce the tdlpbete if 
copper reoutreds and how, when free sulphate of etWr is present, thd hyAvem 
instead of being freed in the form of jgna, combines with oxygen of the oxide Of cop- 
per, and liheratet the metoU which m its nascent stele ii ^posited en the liMii, 
end prodoeea the electrotype eopy of the same. One hiltery eell Is seflAent (hr 
working in this way in eopir i it is increased in siae In pfepostloa te the of the 
object operated upon. And, although tor smill suldeuts, such es medelh, g tmical 
amngument will ael eery well; tor laige ot^Jeoti^ k has heeii eften toigid of 
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iidf to adopt a horiaoatal amoMaiit, plaolog tht aoild bonaatb tho copper* 
plalOk Tbe Taajiag daoilip of a itUt aotutioa ia thoTOHM arraDgemmt b not 
without iu cflbei apoil the nature of the depoeit, both on Mi ohotaeter and ita relative 
thiokueia TUf bae been in tome initaneee obviated, and the advantage of die ver- 
tical method retained by keepiog the aolution in modoni either by etirring or by a 
continuoui flow of liquid. 

We have dceeribed principally I)ani«U*e battery ae the generating cell in Electro* 
metallurgioal operatione | bot Mr. fliiiee*c more iimple anangement of platioiied 
illver and alno, eactted with diluted sulpburie ai'idt haa been fonnd in practice more 
economical and convenient. 

E^*699 ii aSmee'e celli a vewel of wood, gtam, or eertbeoware, eontaine diluted 
•uipburie acid, one in eight or ten, a platinised sihcr plate i, sustained by a piece of 
099 wood w, with a plate of xinc x x on each side, so as to turn to oseftil 
account both sides of the silver |)late. The sine plates are connected 
by the binding screw 6. Platinixation oonaists in applying plati- 
num in fine powder to the metallic surfkce. When hydrogen is 
liberated by ordinary electric action upon a surface so prepared, it 
has no tciidencv to adhere or cling to it; but it at once rises, and in 
fact gets not of the way, so that it never, by its presence or linger- 
ing, interferes with the prompt and ready continuance of the electric 
action ; and in this way, the amount of supply is well kept up 
Platiuisalion is itself another illustration of working in uietal by 
eleetricity. A few crystals of chloride of platinum are dissolved 
in diluted sulphuric acid. A voltuio current is made to enter this 
solution by a plate of platinum and to oome out by a silver plate. 
Two or three Daiiieirs or 8mee’s cells are necessary for the ope- 
ration. The chloride of platinnni is decomposed, and the metal is 
(leprMitcd upon the silver plate; not, however, in the reguline 
comfiact form, as in the case of copper, but in a state of black powder in no way 
coherent This affords also an illustration of the different behaviour of metals 
under analogiius oireuinstaoces. Copfier is of all metals tbe most manageable ; 
plalinum ia among the more unmanageubie. 

Mr. C. V. Walker has, with groat advantage, substituted graphite for silver, The 
material is obtained ffrom gas retorts, and it cut into plates s quarter of an inch thick, 
or thicker, when plates of a larger siae are cut He platinises these plates in tlie 
U'^iial way as above described, and deposits copper on their upper parts, also by elec- 
trotyiw process, and soldei's a copper slip to the electrotype copper, in ordpr to make 
the necessary oonneotion. 

With the exception of silver and gold, copper is the metal which has been most 
extensively worked by these processes. 

Seals are copied by obtaining impressions in sealing-wax, pressing a warm wire 
into the edge for a oonneotion ; rubbing blacklead over the wax to make the surfkcc 
oondueteoua ; fkstening a dip of aino to the other end of the wiro ; wrapping the sine 
in brown paper, and potting the whole into a tumbler eontaiuing sulphate of copper, 
a little salt-water having been poured into the brown pa]«r cell 

Plaster or Paris Medaluoni may be sRtorated with wax or stearine, and then 
treated, if small, like seals ; if large, in a distinct trough, as in^. 697. In this case 
the copy is in intaglio, and may be used as a mould for obtaining the faosimile of tbe 
east More commonly, the cast is saturated with warm water, and a moteld of it 
taken in wax, stearine, or gutta pereba. This is treated with blacklead, and iii>«||ier 
respects the same as scala , ^ 

WooncuTs are treated with blacklead, and a copper reverse is 4e|lpaited ppem 
them. This is used u a mould to obtain elccirutype duplicate^ or Rs a Me fbr 
striking off duplicates. / '' 

Stbrbottpk Plates are obtained in copper by taking a plailer eauf el 6^o type, 
treating it plaster fksbion, depositing a thm plate of copper upon it, apd giving 
strength by backing up with melted lead. 

Old Brasses may be Oopled by tbe intervention of plaster. 

Ekbossbd o|^a or paper may be copied by flrSt saturating with wax and then 
using blacklead.^ 

Fruit may be copied by the intervenfion of moulds, or may be covered with 
copper. Leaves, twigs, and beaeohes may have copper deposited upon them. 
The same Ibr statubitbs, Bum, and etatubi. 

I^eaves and flowers are fiiriushed with a eonduetmg aurfliee by dipping them into 
a solution of phosphorus in jblsulphuret of carbon, and then into a solution of nitrate 
uf silver. Silver is thus released in a metaUio state upon their aurdue. 
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PiiAim BVBtit Ae.« htTc tMen copied in copper, by firif depoeitinff copper on 
the pluter prepared fin* tbit operati<vi } wbeii tbicK enough, the originubuBt it de- 
•troyed, tl# copper ebell ie filled with eiilpbete of copper, m in fli/> 607, and copper 
is deposited on us inner surfooe till of aufiicient thiekoess } the outer shell is then 
removed. 

Tonics and ▼asssu of eapaeUy do not appear to have been profitably multiplied 
by electrotype. 

Plaiks liave been prepared for the BNonAvna to work on by depositing copper 
on jpoliihed copper-plates^ and removing Uic deposits when thick enough. 

For the multiplication of bhoravbu comm platbs, the electrotype procfii hm 
been very exteninvely adopted. A reverse of the plate ip first obtained by the dopm 
sition of copper ; this serves as a mould, flrom which many copies of tne original 
plate are obtained by depotitlng copper upon It, and then ceparatiog the two. 
The mode practised by the Duke of Leuchtenbe rg ie to print from an ougraved plato 
on very thin paMr with a mixture of resin of Damara, red oxide ef iron, and eseenoc 
of turpentine, while the impression is wet, the paper fiice downwards ia piwssisd 
upon a poHshed plate of copper. When dry the paper is wsshed away, and the inv 

f iresaion roroaina An electrotype copy from this Is obtained in IntaglMH and is fit 
br the use of the printer. 

Galvamoquapst is a picture dnswu originally in varnish on the mnooth plate, 
ond then treated in a similar way to the above. 

The PLATES on rollers used by calico pbihtbbs have been multiplied like en- 
graved platen 

OLTPHOOBAPDr Is a name given by Mr. Palmer to bis pro eo sB. He blackens a 
fair copper-plate with sulphuret of potassium, oovering it uiilformly with a coating of 
wax and other things, then draws the design through too wax with fine toola From 
the plate ttani prepared, an electrotype is taken in the usual way, uid is backed up 
and mounted as an electro-glyphic cast to print from as from a wood block. For a 
steren^jfpkic cast to work Irom as a stereotype plate, • plaster copy is taken of the 
original drawing, the high lights are cot out, and then an clectroty^ copy is made. 

Elxctro-timt is done by drawing with wax or varnish any design on a fair 
coroer-plate, and makmg an electrotype copy for the printer's use. 

Fxiih- LBAYBSi, &C., trc copicd by being laid on a sheet of soft gutta percha, pressed 
into the surface by a smooth plate to wliich pressure is applied, and then removed in 
order to subject the gutta pereht mould to the electrotype process. This is Katvrb 
Phintino, which see. 

MM. Auer and Worring have copied lace, embroipebt, flowers, leaves of trees, 
entire plants, fossils, insectt, Ac., in their natural relief, by laying the ohjects upon a 
plate of copper, after having soaked them in spirits of wine and turpentine so as to fix 
them. A plato of clean lead is laid over, and, on bein^ pressed, an intagl'O copy is 
produced on it of the object. From this an electrotype is obtained. 

Umdbbobt BCBDALLioNS, &c., are copied in elastic moulds made of treacle and 
glue in the proportions of 1 to 4. Masks and busts may also be obtained in such 
moulds. 

ELBCTBo-rLOTH woH made by saturating the fibre of canvass or felt, making it con- 
dueteous in the usual woy ; it was propo^ in place of tarpaulins as a water-tight 
cover. 

Retobts and crucibles, &e., of glass or porcelain, have been iuccessftilly 
coated with electrotype copper by first vamisbing or otherwise prepdrlng the snrfkee 
to retain the black lead, and then treating them as usnal. 

Soluebino ooFPBm snrfiices has been aceoroplished by galvanic agency. The ends 
to be united are placed together in the solntion of sulpnate of copper, and oooneeted 
with the battery as for ordinary deposition. Parts not included in the procem are 
protected off by varnish \ copper is then deposited, so u to unite the sepfirate pieces 
into one. 

Iron may be coated with copper. But here a new feature comes into view. 
Bttiphurio acid leaves the copper of the snlphate, combines with iron and deposits 
copper on its snrfkee without the aid of the voltaic apparatus. The iron surfiMe is im- 
perfectly covered with copper, no firm perfect deposit oconrs. In order to obtain solid 
deponts of copper on iron, it is necessary to nse a solution that hu ii6 fiidiiuury 
chemical reaction npon iron. Cyanide of copper is nssA which may be bblnlaed by 
dissolving salpbale of copper in cyanide of potassium. This solution require* to bq 
raised to and rcCalncd at a tempernture not greatly belovr fiOO^, in ordir to givo goon 
results. 

RuBCftno-xiMonio is applied to surfaces of iron, in order to praleet <Impbl fron* 

corrodsto Asolotkm k mado of snlphate of sfaw, whichis pboad ks atoen^ A 
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TvoiTtlimMleryeftlliMrcqiiiNd. TKtirmilotesfaieediaeoniieotad 
with Chf litttf fud of tiM biltery, and a plate of fine wtih the eo|iper end. 

Voltaic siAN doM not eppoir to bate been obtaiaed io a lolid diftfaiet ipra, 
but hii been •ueeeMftiUy prodooed aa a coaling upon a ooppar aorlboe^ Separata 
aolutioni are made of aulphate of oc^per and of aulphata M aloe in cyanide of 
notuiiam. The two aolutioaa are then mixed, and placed itt a deeompoaing tiougb. 
Two or three cella of a battery are need, and a braw plate emmeoted with the copper 
end. An electrotype eo|>per medal or other prepared anrfaea ia oonnceted with tite 
Bine. Brilliant and nenbet brnaa aoon appeara, and will depoait alowly for aome 
houra { but after a while, the ehameter of the aolution ebaogea^ and copper appeara in 
hiaoe of braaa. 

.I'bia haaty glance at the leading application! of thia art will gire an idea of ita 
utility. It alao cornea Into play in caaea where leaat anspeeted. Pina were tinned 
by electrotype long before the art waa known. Bram piiia are thrown into solution 
of tin in cream of tartar, and are nncbangi^ ; but when a lump of tin is thrown 
among them, a voltaic pair is formed, and tin is deposited on all the heap. Any 
stray pins detached IW>ni the mass, escape the influence. Space u ould fail us were 
we to go through the list of cryctalline and of simple bodies funned by thebe pro- 
cesses} as for instance, octahedral crystals of protoxide of copper; tetrahedral 
erystals of proto-chloride of eopiwr; octahedral crystals of sulphide of silver; 
ory stall of aubnitrate of copper ; hibasic carbonate of copper, and others too iiunierous 
to umc, have all been formed b} stow voltaic actions. The alkaline metals, po- 
taaslom, sodium, &o., were first obtained by Ihtvy in the galvanic way | magnesium, 
barium, aluminium, ealoium, Ac., are obtained by M Bunsen by operating upon the 
chlorides of these metals either in solution or in a state of ftiaion. 

Elhctho-xtcuiko ia produced at the place where the current entert the decom- 
pofing trough, as at the copper-plates cot 697. A plate of copper is prepari'd as 
if for the graver \ its flite is then covered with an etching ground of ospbalte, wax, 
block |Mt^, and burgundy pitch ; and its back with varnish. The design ia then 
tnioed through the etching ground with a fine point ; the plate is then placed in the 
trough B, eontaiaing either sulphate of copper or simply diluted sulphuric acid, and 
connected with the copiwr of the battery. After a few minutes it is removed, and 
the floe lines are stopped out with varnish ; it is then replaced, and again, after a 
few mloutea ia removed, and the darker shades are stopped ont ; tbe parts still ex- 
^ed are again aut^ected to the action, and the etching ia complete. When tlic 
ground ia removed, the design will bo found etched upon the copper-platd ready for 
toe printer. 

Daoukrasottps btchjno ia a delicate operation, and reqoires much care. The 
solution employed by Professor Grove was hydrochloric acid and water in equal 
parts, and a battery of two or three cells. 

Platiniied silver ia used in fkce of the daguerreotype, instead of copper. The result 
comes out in about half a minute. An Oxy-chloride of ailver ia formed, and the 
mercury of the plate remains untouched. 

A PaoTo-uALVANo-OBAPiiJo Company was formed in London for carrying oot the 
process of Paul Pretsch. lie made aolutions of bichromate of potaab in glue water, 
or in solution of gelatine, instead of in pure water. He then treated the glass or 
plate with thesi*, and in the usual way took a picture. He washed the gelatine picture 
witii water, or solution of borax or carbonate of soda, which left the picture in 
relief; when developed, he washed with apirits of wine, and obtained a sank design. 
The surfaces thus prepared, or moulds made ftrom them, were placed in a galvano- 
plastio apparatus for obtaining an ennaved plate ftwm which to print. The process 
was not, tDommercially, suoeessftil. ^ Pboto-oalvanoorapht. 

The Duke of l^euchtenberf prepares a plate for etching by leaving the design on 
the ground, and removing the graund for tbe blank oarts. When his electrotype 
operation is complete, the dCbign is in relief instead of being in intaglio as in ordi- 
nary etching. ^ • 

MXTALLO-dUj^Ba consist of thin films of oxide of lead, deposited sometimes on 
polished platcdBlatininn, bat most commimly on polished steel plates. The ooloora 
arc most brilUomlnd varM Hobili Is the author of the process. 

A saturated solution of acetate of lead if prepared and placed in a boriaontal 
ivongb. Thrac or four battery cells are required. A steel plate is laid in the 
acetate of lead With its polished sarfhoe upward, and is connected with the copper of 
the battery. If a wire is conneoted with the Bine end of the battery, and held over 
tlie steel plate in tbe solution, a aeries of circles in brilliant colours, arise firom tbe 
spot immediately beneath the wire, and exmd and spread, like the circles wlfUi a 
stone is thrown into a pond. Silvef-blond Is the first colour; then fown-eollttr, ftd- 
luwed by the various shades of violet, and indigocs and blues ; lake, UnUh lake, 
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gTfen ttd onait^ giftaiih violet, ud pftsilng through reddish yeUov to roee-lsks^ 
which it the last c<doBr io the tenet. 

Aeeordiqg to the shape of the metal hr which the cnitent enters — he It a point, 
a slip, a onttt, a concave, or a convex disc — to it the form of the eolonred figure 
varied. And if, in addition to this, a pattern in card or gotta iiereha is cot oot and 
interposed between the two turiacet, the action it Interoepted by the portions not 
removed, and the design Ig produced on the steel plate, in coloori, that nmy bo 
greatly voried, aocording to the duration of the experiment The difierent eolourt 
are due to the difibrent Udehnciet of the thin fllqui of peroxide of lead. 

M. Becquerel propoeed the deposit of peroxidt el lead, and ako the red peroxide of 
iron, for protecting metals firom the action of the aigmtphere. Far the latter, proto- 
■ulpbatc of iron ia disBolved in ammonia tolotlon, and operated upon by two or three 
batteries. 

The most imporiiiit appiieation of electro methttnrgy in the arts has been for 
PLATINO and uiunwH whioh is most extensively eartisd on both M home and abroad. 
Resulu that were unattainable, and others attainable enly at great eoat, are readily 
produced bv this mode of manipulating I'he liqiiidi most m use sre the cyanide 
aolutions, firat introduced by Messrs, fiikingtona They are prepared in varioua 
wavs. (Vanide of potassium is added earefhUy to dilute solution of nitrato of silver ( 
and the white deposit of cyanide of silver is washed, and then disfolved in other 
cyanide of potassium } or lime water is added to the nitrate aolution, apd the brown 
deposit of oxide of silver is washed and. while moist, ia dissolved in evanide of 
potassium s or common salt ia added to the nitrate solution, and the white depMit of 
chloride of ailver is washed and dissolved in cyanide of potaiBinm. Or a solution of 
cyanide of potaasium is placed in the trough 697 1 and the current from three 
or four eefu is passed into it fbom a silver plate at c, which combines with and ia 
dissolved into the liquid, converting it into a cyanide of ailver solution. To prevent 
Bilver heing abstracted by deposition at m, as the ennrent leaves the trough, the 
metal at at Is placed within a poroos cell of cyanide solntion, so as to limit the action. 

Gold solntion is obtained bv dissolving the anhydrous peroxide of gold in cyanide 
of potasaiom, or by treating chloride of gold with cyanide of iKitassium, or by using 
a gold plate and a v<dtaic current with a solution of cyanide of potasalum in the same 
way as described for ailver ; and allowing the action to continue until the solution is 
sumcicutly strong of gold. With these solutions electro-plating and gilding are 
readily accompliMcd. There are other solutions more or less valuable, whicli will be 
found in the books that treat upon the subject. 

Fig. 700 shows a single cell arrangement for plating. The sine is outside, and is 
bent to embrace both sides of the porous celL The article to be plated is u itbiu this 


700 




cell ; beesnse, being the vend of smaller capacity, less of the more valuable silver 
arilution is required, and there is less of loss or waste. The same holda good in i 
greater degree of g^ In a few mindtes, the article is covered with silvef. If a few 
drops of tulphnm of enrhon are added to the silver solntion, the aillrer ia decked 
bright Otild does not come down quite so rapidly as silver. 

Except for mere experiment, th^ operations arc better acoomiilidiod and with 
less waste by using disdnet batteries, aao, jf?y. 70|, the tolntioh of gold or ailver being 
ia a disUact tfougli platea of ailver or gold, as the cases may fie, be^ fnni«M 
ia Went of the article to be coated. One or two cells, aecotNuag to the rceulta re^ 
fuipeditve med for plating i and three or four for gildiag. fiat gUdiaf ia never «o 
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will MNsomidiiM at it if with hot lolntiont. The modce of keeping aolotiona liot 
tarj with eifMmataneac, and with the extent 'of the operations Ftg, 703 la an 
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arrangement for operation! on a email aeaie. The Yiseel a contaiuiiig tlie gold 
•oltttion, reeta oter a email etore or spirtt-lamp The objects to be gilt are siiepondid 
by wirea to the conducting rod d, in connection with the sine end of the battery , and 
the ^d wire or plate c la connected with the other end. A temperature of fi*om 1 on'' to 
SOO^ia deairable i the higher temperatures require fewer battery cellii ; with the highest, 
one will aufflee. The solution of course eTsporatea under the influence o( heat; and 
distilled water must be added to suiiply the loss, before each fresh operation. 

Plating and gilding is succossfully and, in point of economy, advantageously 
carried on at wnnlnjgham, in more than one manufactory, by means of magneto- 
elfctrieity. In the artmle on ELUOTRic-TaLROBAPHY will be found a description of tins 
form of electric force ; and the means by which it is produced. An electro-magnet is 
set in motion in foont of the poles of a permanent magnet, in such a manner that tlie 
soft iron core of the electro-magnet becomes alternately a magnet and not a magnet; 
in the act of becoming a manct, it raises np a current in one direction in the wire 
with which it is wound ; in the act of ceasing to be a magnet, it raises np a ciirrent in 
tha rcTcrse direction. The ends of the wire arc led aw ay and insulated. The instru- 
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meut is fitted with a commutator, so adjusted that it collects the currents from the 
ends of the wire, and guides them in a uniform direction into the Teesel that eoutufais 
the eofaition and articles to be gilded or plated. In practice, a single maohiae popflsm 
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ntwMny «leetro*inagncti grouped toprether, and roanr powerfVil magnets fbr exoitiog 
them ; by which meant a continuous flow of a large amount of electricity ife ob- 
tained. 703 is an illustration o^sueh an arrangement as adapted by Mr. M'oolriclii 

a aa a are four clusters of permanent steel magnets^ seen fimmaboTe ; 3 3 6 3 6 is the 
flrame-work of the machine | c e c c are four bats of soft iron, wound with large siae 
insulated copper wire s d is a circular disc, on which they are mounted, and which 
rotates on a rertioal axis, of which / shows the upper end t c is the commutator, 
from which two wires are led oflT to the solution to be operatu d upon. The permanent 
magnets are U shaped ; one pole only of each handle is risible ; the other is bimraih 
the disc d, and iu freight of electro magnets c c. 3m. The aits is set in rotstion by 
li strap passing over the drum of a shaft of the steam •engine, that doee the ordinary 
work in a factory \ and the disc carries the electro^magneu betwecu the poles of the 
permanent magneta, and exposes them to the most fkvourable action of uicse poles 
The number of coils and magnets vary in proportion to the work required. Uy this 
nrrangement, not only does each eoil pass under the Inflnenee of numy magnets, but 
each magnet acts successively on many ootis ; and a proportionate supply of electri- 
city is the result — C. V, W. 

ELECTKO-MOTIVE ENGINES. The following remarks on this subject are an 
lOwtract of a oommunieation read hy the editor to the hutUutum Oivd fepinesre. 
for which they awarded him their Telford Modal. 

Numerous electro-niagnotic mschinea have been made, hut a fow only of these 
rniuiru to be described. In 1832, Salvatore Dal Negro published an acconut of the at- 
tempts made by him in this direction. As Dal Negro's engine was of a very simple 
and effective kind, the Professoris description of it may ^ quoted : — ‘‘As 1 hsd bA>n 
fuiocessftil in producing temporary magnets of very groat power, with very small elec- 
tro-motors, I endeavoured to apply this power to moving machinery. 1 will now 
briefly state by what means I endeavound to set a Unrer in motion. I flrst used a 
magnetic steel bar, placed vertically between one end of a temporary magnet The 
bar vibrated from the attractions and repulsions which took place between its north 
pole and the north and south poles of the electro-roagnri. In the same way a motion 
niav be effected in a horisontal piano. 1 also sot in motion a similar bar, by aUowiog 
a piece at iron, set free from the magnet at the moment when its power became 0 
to fall on one of its ends, after this it was immediately re-attracted. This can he ef- 
fected in two ways : the one may he employed when a quick motion is to be produced 
and the second when a greater force is wanted; in the first case the weight falls only 
just out of the power of the magnet's attraotiou, and the instant the weight has follen 
upon the bar, or lever, it is re-attracted b^ the mamet that the action may be re- 
peated: it is always smalllu comparison with that which the magnet cannot support 
whilst in contact In the second case the whole weight which the magnet can carrv 
is employed, and use is made of the force which draws it to the magnet." Upon this 
was founded several other attempts, particularly one by Dr. Schulthess, who was so 
satisfied with tte result, that he wrote In 1833 : — If we consider that electro-magnets 
have already bera mode, which were capable of carrying 80 cwts., and that there is 
no reason to doohi that they may be made infinitely more powerful, 1 think 1 may 
boldly assert, that electro-magnetism may certainly be employed for the purpose at 
moving machines." Professor Botto of Turin, also employed "a lever pnt in motion 
(in the manner of a metronome) by the alternating of two fixed electro-magnetio 
c} linders, exerted on a third movable cylinder, connected with the lower arm of the 
lever, the upper part of which maintains a metallto wheel, serving in the ordinary 
way, as a rei^lator in a continuous gyratory motion." It will be evident to any one 
who has qbswved the motion of many of the electric clocks, that this is in several 
respects similar to the ponduloi « motions adopted. 

in 1835, Professor Jacobi, of 8t. Petersburg; published an account of hie experi- 
ments, which were carried out on a large scale, Mgardleea of cost, at the expense of 
the Emperor Nicholas. His flrst idea was to employ the attractive and repellent 
powers of mamietic bars, so that he might obtain an advancing and receding motion, 
which could DC eaaily changed into a oontinuons circular motion. A gr^ many 
machines have been made upon this principle ; but Jacobi, alone, as fkr as can be 
learned, has pointed out the true cause of their fkilote. " We know," he says. the 
ill effects of shocks in the movements of machines, bnt there is here, another incon* 
venience which is not simply mechanical The wit iron, by these repealed ^cks 
and vibrations, gradually acquires at the surfoce of contact the nature of Meel ; there 
will be a considerable permanent magnetism, and the transient manede force which 
alone prodnoes tlie movement, will he weakened in proportion. A nmnher of ex- 
periments, which 1 have made upon the magnetic force of a bar of soft iron, bent 
into a boiieihoe form, bas diown me the great disadvantage cf often repeated eboeks, 
proeeeding from the sndden oontaot of the armature.*’ 
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Jm«M. flndlf iMtiiig uMt all oieUiatiog motionf, prodaatd a machine giTing oonti- 
nnoiiacireohir amtlon, by Aiing eight eleetro-magnetie bare on a diie» movable round an 
axta— and eight flxad bare eimilarly arranged upon a fixed platlbim. The arrange- 
ment of the ban admitted of aeacb varietj, provided it waa exactly eymmetrieah and 
that it allowed the polee to approach each other ae nearly ai poaaibiew Arraageniente 
were made, with much Ingenuity, by which the polee of the megoeta were tnyeretd 
directly, and ao that that invereiuii ehould take place preoiaely at that point where 
the htira wore opfioeite each other. Oae hundred and forty-four inversiona in the 
aecond were readily effected, and Jacobi declared it would be eaay with hiaapparatue 
** to change, or to completely interrupt, the electric current, one thouaand, or more, 
tiniea in a aecond.** 

A machine oonatrocted npon thia principle waa, at the deaire and at the eoet of an 
Imperial Commimion, pot on board a ten-oared aballop, equipped with paddle- wheela, 
to which the elootro-magnetio engine oommnnicated motion. The boat waa 28 feet 
long, and 7^ feet in width, and drew 2^ feet of water. In general, there were ten or 
twelve peraona on board, and the voyage on the Neva was continued duriog several 
entire daya. lly these experiments Jacobi waa led to the conclusion, that a liattery 
of 20 square foet of platinum would produce power equivalent to one horse i and the 
veasel went at the rate of four miles an hour. In 1839, Jacobi tried another experi- 
ment, with a battery of 64 platinum plates, each having 36 square inches of surtac^ ; 
when the boat, with a party of 14 persons on board, went a^inst the stream at the 
rate of 8 niilea an hour. 

In 1837, Mr. Thomas Davenport, of the United States, constnietcd a rotary engine, 
in which permanent and eleetro-niagiicfs were employed. Mr. 'i'aylor, in 1839, 
fiatented an electro-magnetic engine, both in America and in this country, the prin- 
cipal novelty in which was, that instead of changing the poles of the magnets, the 
electric action was, at fixed rapid intervals, entirely suspended. In 1837, Mr. David- 
son, of Edinburgh, conitructad an engine, in which he produced motion by simply 
•uspeiiding the magnetism, without a change of the poles. Mr. Robert Davidson 
placM4Ati electro-magnetic loeomotive on the Edinburgh and Glasgow Railway ; the 
caAtnll leas 16 feet long, and 6 feet broad, and weighed about A tons. All tlie 
altaagcmenta appear to have been very complete, but when put in motion on the 
rails. It WM not fusible to obtain a greater spiAid tlian four miles an hour. 

Professor Pa^'4 electro-magnetic engine waa for some time looked npon as a 
triumph. The fuudamental principle of it is thus described: '‘Itiawejl known 
that when a helix of suitable power is connected with the poles of a battery in action, 
an iron bar, within it, will remain held up by the induced magnetism, although the 
lielix be placed in a vertical position ( ana if the bar is partly drawn out of the helix 
by the bond, it nocs back with a spring, when the hand lets go its hold. This power, 
—the action of the helix upon the metallic bar within it, — is the power used in Page's 
engine." Professor Page exhibited one of his engines, of between 4 and 5 horse- 
power, at the Smithsonian Institution ; the battery to operate with being contained 
within a space of 3 cubic feet. It was a reciprocating engine of 2 feet stroke* and 
the whole, including Che batter}', weighed abont one ton. Profoaso Page stated, that 
the consumption of 3 lbs. of sine per day would produce one bone-power. Thia 
statement reqaires forther investigation. 

Many similar attempts have been made, to constroet effective machines to be 
moved by the power or the voltaic battery. Among othsrs, Mr. Henley constrncted 
an electro-magnetic engine of considerable power, for Mr. Talbot, and another for 
Professor Wheatstone. In these there were many ingenious mechanical arrange- 
ments, invented to overcome some of the dUBoolues hitherto encountered i but the 
physical conditions were similar to those already described. Mr. Talbot's engine 
was 3 feet 6 inches long, and 8 feet 0 inobes wide t when excited by a Grove's 
bsttery, consisting of foor cells with double plates of sine, 9 inches by 6} inches, 
platinum plates 6 ioobes by inches, excited by diluted sulphuric acid in the pro- 
portions m 1 to 4, and concentrated xHrie aeid, it drove a lathe, with which was 
turned a gun-metal policy 5 indies in diameter} but in three quarters of an hour the 
battery was qttilfl|tthaiisted. 

Mr. lybrth, years since, exhlMted in Ixmdon a large machine, constmeted 
somewhat on the principle of Pan'ft t this, however, failed to produce any great me- 
chanical effect, and it appears to have been abandoned. Dr. I.ardner stated, in 1861, 
that M. Gustave Froment,of Fhrii, was using, with much advantage, an cleotro-mSg* 
nctic engine in hia workshops for torning lathes, planing machines, &c. Its ttie, 
however, appears to have been abandoned, on account of the great cost of the battery 
power. 

Uatikel hnd Fessel, on the Continent, the Rev. James William M*Gaiiley, pt. 
Kemp, and others, in Great Britain, have, at different times, exeitsd mnch attention 
by the iogenious machines which they have constructed. 
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HotwithilaiidiBg thew BBiMffoai Iriali, aad, OMiMeled irlfk lilwiii, an alniMt Infl* 
nito 1010001 of experiawnt, U 4 om not appour, that amy aaiMboCory explaoatioB bM 
over beeo fiven of tbo cboms which hove led to the obandoiinontof thoMeo of om- 
plojiogfllectrioitj a looUve power. It woe moinly with tbo flow of dirMtiaf attOD- 
tioD to thew eametv that the aaamy read waa wricteo. 

Eleocro-aBanetiini ondoahtMlIy aflbrda an ahnoat nnlimliad power. An eleetro* 
aiagnet may m eomtracted which ahali have a Uftiog ^wer equal lo many tona. 
It ia piobable» that there are Umita beyond whioh It would not be poaaiblf to IneieaM 
the power of electro-megneta i thoae hmita have not yet been raaebed i but aappoaiag 
them to be attained* there in nothing to prevent the mnltiplying of the nambar m 
electro-magneta in the arraogemcnta. It mav be atatad, in oaoneeikm with tbia part 
of the aabjeet, that ftrom eaperimeata made with lleaiiier*a nMgnetonieler^ it apMra 
that the development of magneiiam in iron obeervae aoaia aprcial paonllarlliaa. Theee 
may be thna elated : ^ With the aaaM eieotro -magnat there ia, aa the veltaio poire in 
the battery are ineraiaad, a gmdnal incream of maoneiie ftroo With tnm one to 
aevea eleiMta there appeara an avenge exceaa of A ibo | altar thia point, with tha 
inoraaae of battery power, by the addition of pair alter pair of line and ptatinom 
elementa, the prodnotion of power bean a deoreaalag ratio to the power employed, 
and at la^ the addition of five ekmenta waa not fonnd to ^rodnoa an inereaae or ef> 
feet equivalent to the value of one element In all ezparimentii tha atlbn, on oleo- 
tro-magootie machhiea, the experimenuliat haa dnt to datermine the ntmoet power 
which the aoft iron ia capable of aaauming, in relation to, — lat The number of eoila 
of wire on the irons ai^ Sod, the naniher of elementa employad in the exciting 
■onrce^bc voltaic battery, ^e length of the iron and ita thieknem are alao pointa 
demanding apeelal coniidmtione from the cooeirncior of an deotro-magnetie machine. 

Than remdna now to examine the production of the power, Bleotro-Magnetiam. 

The eleetro-meohaniciao is dependant upon his battery, in the same way u a 
•team engineer ia dependent upon bit fire and hia boiler, for the production of me* 
ebanied effect. 

Voltdo batleriee vary in their effects, and henea arise statements whioh differ 
widely from each other, aa to tho rreult obtained, by tha deatmotion change of 
fern) of a given quantity of meld in the battetw. 

Br. Botio atetea, that 4ft Iba. of line, coninmed in a Grove's battery, are luffldent to 
work one-horie power electro-magnetic engine for twenty-fear houra, 

Mr* Joule says the tame results would have been obtatiled, bad a Daniell'i battery 
been used, by toe eoniumption of 79 Ibe. of aino. 

It ia impossible, on the premnt ocoaaion, to enter into the theory of the voltaic 
battery, or to deeeribe the varieties of •rrangen.ent which have been awptefelbr gene- 
rating (developing) electrical force in the fbnn of a eurrent, with the greatest Aect, 
at the amdlest cost. 

Oo thia point tha evidenoa of Jacobi may he quoted)—** With regard to the 
magnetic machine, it will be of great importance to weaken the effecta of tha eonnter 
eurrent, without at the same time weakening the magnetiem of the ham. It ia the 
alternate combination of the pairs of djM in the voltnlo pile, whioh permita ua to 
Inoreaae the apeed of rotation at wilt We know the mngnetio power of the eurrent 
ia not sensibly augniented by inereaiing the number of toe pain of platea, bai the 
eounter eorrent ia coniiderably weakened by its being forced to pom tnrough n great 
many layen of liquid. In met, on naing twelve voltaic pain, aadi, hdf a aqnare 
foot, instead of Ibur copper trougba, each with a surfoce two aqnnre feet, which I 
had hitharto need, the apeed of rotation rose at least 2ftQ or 900 revolntioBa io n 
minute.” 

Mechaniod force, whether obtained in the form of mno-powfr, hone-power, 
•team-power, or deetrieal-power, is the result of a change of form in mnttor* In tho 
animal, it is the molt of muscular and nervotta onergy, Whieb it mnintatned by the 
due supply of food to the stomach. In the tteam-e^^ It ia the ipidl of vapour 
nreoanro, which ia kept up by the eonstnat addition of fed to tho irH under the 
hdlen. In the mag^o machine, It ia the reatilt of eurrenta dtodadhag throngh 
wirea, and theae eurrentt are diredly dependent upon the ehemkal ehonie of ime 
or of aome other metal in the battery. Tbeoi 

Animal power depends on food. 

Sl«am power dependa on ooaL 

Elodtri^ power dependa oo sine. 

An eqnivslont of ood it eontiimed in the foinsoe — that 1% it ludlM Hi oaiboii 
with oxygen to form oarbonio add, and ila hydrogen with oxygon lo form water, 
mid daring tbia dmngo of itnto the quantity of beat devdopod haa a oonilaat idation 
to the ohcmical aodoa going on. 
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Mr. Jfottlo h«» fmcd bjr % Miiei of moat satiiAietoiy ei|H»riin«its, that : ** The 
quantity of heat taiwble of inereaaing the temperature of a pound of water by one 
flegree of Fahrenheit's scale is equal to» and may be conrerted into, a mechanical 
fome eapahlo of raising flS8 lbs. to the ^rpendicular height of one foot." 

Mr. J. Hcott Bussell has shown that in the Cornish bpilera, at Huel Towan and the 
HniU'd Mines, the combustion of one pound of Welsh coal eraporates of water, IWjid 
its initial temperature, 10*88® and 1«*48''» nspectively. “But, says Mr. «loule, “we 
have shown tnat one degree is equal to C38 lbs. raised to the height of one foot 
Therefore the heat evolv^by the combustion of one pound of coal is equivalent to the 
tnrclianlcal force capable of raising 0, 584,90ft lbs. to the height of one foot, or to 
alKiut ten times the duty of the best Cornish engines." 

Buch are the conditions under which heat is employ ed as a motive power. An 
equivalent of sine is acted on by the acid in the cells of the battery, and is oxidised 
thereby. In this process of oxidation a given quantity of electricity is set in motion ; 
hut the quantity available for use, falls roTy far below the whole amount developed 
by tlie oxidation of the sine. The clcctriouy, or electrical disturbance, is generated 
on the surface of the sine i it passes through the acidulated fluid to the copper plate 
or platinum plate, and in thus passing from one medium to another, it has to overcome 
certain nioehanical resistances, and thus a portion of the force is lost. This takes place 
in every cell of the voltaic arrangement, ana consequently the proportionof sine which is 
consumed, to produce any final mechanical result, is considerably greater than it should 
be theoretically. 

Joule gives as the results of his experiments, the mechanical force of the current 
produced in a J)anieirs battery as equal to 1,100,160 lbs. raised one foot high, per 
pound of sine, and that produced in a Grove's battery as equal to 1,843,600 Ibe. raised 
one foot high, per pound of sine. 

It need scarcely be stated, that this is infinitely above what can be practicall)[ ob- 
tained. A great number of experiments, made by the Author some years since, 
enabled him to determine, os the mean average result of the currents, produced by 
several forms of battery power, that one grain of xinc, consumed in the battery, 
would exert a force equal to lifiing 8ft lbs one foot high. Mr. Joule and Dr. Scoresby 
thus sum up a series of experimental results : ** Upon the whole, we feel ourselves 

i iistifled in fixing the maximum available duty of on electro-magnetic engine, worked 
ly a Danicirs battery, at 80 lbs. raised a foot high, for each grmn of zinc consumed." 
This is about one-balf the theoretical maximum duty. In the Cornish engines, doing 
the best duty, one grain of coal raised 143 lbs. one foot high. The difiereuee in the 
cost of sine and coal need scarcely be remarked on. The present price of the metal 
is 384 per ton, aud coal can be obtained, including earring to the engiues, at less 
than it. per ton ; and the carbon element dues tu o-thirds more work than can possi- 
bly be oWined from the metallic one. 

By improving the battery arrangemeuts, operators may eventually succeed in 
getting a greater available electrical force. But it must not be forgotten, that the 
development of any physical force oliserves a constant law. Whether in burning coal 
in the furnace, or zinc or iron in the battery, tbe chemical equivalent represents the 
theoretical mechanical power. Therefore, the atomic weight of tbe carbon atom being 
ft, and foat of the zinc atom being 32, it is not practicable, under the best possible ar- 
rangements, to obtain anything like the same mechanical pow'er from zinc which can 
be obtained from coal. Zinc bums at an elevated tempmtore ; in burning n pound 
of zinc there idioold be obtained, as heat, the same amount of mechanical power which 
is obtained as electricity in the battery. The heat being more easily applied as a 
prime mover, it would be for more economical to bum zinc under a boiler, and to use 
it for generating steam power, than to consume ilno in a voltaic battery for generating 
eleotro-magnetioal power. 

RLECTKO-PLATINO AND GILDING IRON. Professor Wood, of Springfield, 
Ma>saohusett8, in a paper, which he has communicated to the Scient(fic American^ recom- 
mends the following aa usefol nripes for the electro-metallurgist. He says, “ 1 believe it 
is the first time that a j^ution for plating direct on iron, steel, or Britannia metal has been 
published. In m^^P^ experiments I have used toee's battery *, but for depositing 
brass I prefer a fitted up as Grove's, using artificial graphite— obtained firom 

the inside of broken coal-gas retorts— in the pUoe of platinum. With one large cell 
(the zinc cylinder lieing 8x9 inches, and excited with a mixture of one part sulphuric 
acid and twelve parts water, the graphite being excited with commercial nitric acid) 
I have plated six gross of policed iron butfoles per hour with brass. I have also 
coated type and stereotype plates with brass^ and find it more durable than, eopper- 
focing." 

To prepare C^nide qf NiW. — 1. Dissolve 1 os. of pure silver in 2 oi. of nitric 
acid and 2 os, of hot water, after which add 1 quart of hot water. 2. Dissolve 


ELECTRO-TELEGRAPHY. 


m 


8 01 . of the ejanide of potauiom in 1 qoart of water. To the flrtt preparation add 
by degroea a emaU portion of the aecond preparation, nntil the whole of the aiWer ia 
TO^^Ute^. which may be known- by atirring the mixture and allowing it to aettle. 
Then drop into the clear liquid a rerY small quantity of the oocond preparation from 
the end or a glass rod ; if the clear liquid ia rendered turbid, it ia a proof that the 
udMdc of the silver is not se|Ninited { if, on the other hand, the liquid is not altered, it 
is a proof that the silver Is separated. The clear liquid is now to be poured off, and 
the precipitate, which is the cyanide of silver, washed at least four times in hot 
water. The precipitate may now bo dried and bottled for uSo. 7b prepare C^niHe 
^f GtAd, — Dissolve 1 oi. of fine gold in 1*4 os. of nitric acid and S os. of mnriatie 
acid ; after it is dissolved add 1 quart of hot water, and preoipitate with the second 
preparation, proceeding the same os for the cyanide of ‘silver. 7b pnpere 
of Copper and Zinc.— For copper, dissolve I os. of sulphate of copper in 1 pint of hot 
water. For sine, dissolve I os. of the sulphate of sine in 1 pint of hot water, and 
proceed the same as for cyanide of silver. The eleetro-plater, to insure success in 
l>lHtiiig upon all metals and metallic alloys, must have two solutions of silver i the 
first to whiten or fix the silver to such metals as iron, steel, Britannia metal, and 
(leriuan silver; the second to finish the work, as any amount of silver can be doMMited 
iu a regulinc state from the second solution. FirnU or WkiUnioff Snlafioa.— Dasolve 
24 llM. (tn)y) of cyanide of potassium, 8 ox. carbonate of sods, and I oa. ejauide of 
silver in one gallon of ram or distilled water. This aolotlon shoidft hi used with 
a compound battery, of three to ten pairs, according to the sise of the work to be 
plated. Stcondy or Ftnithing Solution, — Dissolve 44 os. (troy) of cyanide of potas- 
sium, and 1 ^ ox. of cyanide of silver, in 1 gallon of rain or distilled water. This 
solution should be osed with one large cell of Smec's battery, observing that the silver 
plate IS placi'il as near the surface of the articles to be plated as pos»blc. — N.B. By 
uMng the first, or whitening solution, you may Insure the adhesion of silver to all 
kinds of brass, bronxe, red cock metal, type metal, dc., without the nse of mercury, 
which is so injurious to the human system. 7b prepart a Solution of CMd . — 
DiNHulve 4 ox. (troy) of oianidc of potassium, and 1 ox. of cyanide of gold, in 1 
gallon of rain or distilled water. This solution is to be used warm (about 00° Fahr.) 
with a battery of at least two cells. Gold can be deposited of various shades to suit 
the artist, by adding to thj solution of ^Id a smiill quantity of the cyanides of silver, 
c<ipi>er, or xinc, and a few drops of the Itydro sulphuret of ammonia.** 

ELECTRO-PLATING BATH. See Cf anidkii. 

ELECTRO-SORTING APPARATUS. — M. Froment has devised an apparatus 
for the separation of iron from matters by which it may bo aocompanidd. Ihc ap- 
paratus consists of a wheel carrying on its circumference eighteen electro-magnets. 
The iron ore reduced and pulverised is spread continually upon one of the extremities 
of a cloth drawn along with it, and passed under the electro-magpiets in motion. The 
iron in the ore which has of course been brought into a magnetic state by any of the 
processes by which this may be effected, ia separated by the magnets, and the 
impurities carried onward. Sm De la Five's Electricity, 

ELECTRO-TELEGRAPHY. The simultaneous appearance of the electric spark 
at the respective ends of a long conducting wire forcibly arrested the attention of 
electricians in the early days of the science. 

A series of remarkable experiments were made by Dr. Watson, commencing on 
July 14th, 1747; when be passed an electric discharge from the Tbamea bank at 
Westminster to the opposite bank at Lambeth, by means of a wire suspended to 
Westminster Bridge. He continued his retearehes; and, on August the Mh of the 
following year, he arrang^ 12,276 feet of wire at Shooter’s Hill, the beginning, the 
middle, and the end of which were led into tbe same apartment He found out that 
the electric signs at the middle of the wire coincided in time with the discharge at the 
two ends, proving that the passage, at least in such a length of wire, was instantaneous. 
In reference to these results Professor Muschenbrock wrote to Dr. Watspn; '*Mag>- 
nifleentisiimis tuis experimentis, superasti constos omnium.” 

The idea of applying this property to the transmission afkr of tdsgraph signals 
proper was an early and natural result of these discoveries Bat many onward steps 
were necessary before the idea could assume any definite form ; and ftniher advanoes 
in knowledge were essential before the idea conid be realised. 

It would for exceed onr limits were we to attempt the most hatried sketob of the 
history of this art ; we shall therefore content ourselves with illnstvafing the leading 
doctrines, that have been realised in the telegraph systems which use moit m fovoar 
at the time ia which we write. 

Locked np^ as it were, in all bodiea, Is a large store of electric foreg, the cqoililiriiim 
of which is disturbed in a greater or less degree by a variety of caaa8a»aoiiie extremely 
ainplc, otbcff more complex ; and, according u one or other otoia ia in operation. 
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itK amAMom «A4cr wbich the efeetrle foroe U mmiAfsled wy ; mmc ecmditimit 
Wittg wf ud ollitn rwj furomM^ to Che ob]«et in riew. 

“ raetion it A w«ll known meuiA of prodoeinff eleotrio tevcti. Amber fm Gretk 
iktonm) wu dto iltil tnbeunce on whieh tbev were nocieed in n tpeeitl mnnner, nnd 
hence the nnme. l^igbt bodies, wch m gold teni; or feathers, are ntiraeted by nibbed 
amber ; the leaf gold is qolekljr repelied again, the fhaUiera not so readily. In duo 
course it was diseoeered that this difference of bebaTionr ii due to the gold conducting 
eirctrioity, and the frathers not sot the one allowing the foree to diffuse itself about it, 
the other receiving and retaining it only in or near the points of contact i if the former 
property were nnirersal it would be impossible to collect eleotrieity ; if the latter. It 
woold be tmpoesible to get rid of it (hndueihn is well illustrated and turned to 
usefhil aeeouut In the iron and copper wires, by whieh distant telegraph stations are 
connected with each other i ituuiattm, by the glass or porcelain articles with which 
the said conducting wires are suspeuded to the poles above gronnd, and by the gntta 
perchi with which the suhtermneon or submarine wires are corered. 

The rapidity wHh which electric force traverses conductors depends upon the cir- 
oumslances nnder whieh the conductors are placed; in one case, as in that of wire 
suspended in the air, the electric force has little else to do than to travel onward and be 
discharged from the fhr end of the wire ; in the other ease, as in that of buried wire, 
it has to disturb the eleotrio equtlilwium of the gntta percha as it travels onward, and 
thus suffers considerable retardation. The greatest recorded velocity of a signal 
through a suspended copper telegraph wire is 1,752,800 miles per second, by M. 
llippi ^e lowest velocity through a buried copper wire, 750 miles per second 
by Flmapay. Intermediate velocities are recorded, for which the nature of the wire 
or chi conditions under which it was placed wore different Wheatstone fhund the 
velocity of electricity undew different conditions from the above to be 28 8,000 miles per 
•oeond. His wire was copper, and waa wound on a finme. The electricity that wai 
employed by Mr. Wheatstone in these experiments was obtained fVom the fi-iction of 
glass against an amalgam of tin. The various velocities are due partly to the con- 
ditions under which the conducting wire is placed, andpaitly, no doubt, to the 
varied properties of eleetricity fhim various sources. And the very different methods 
of reading off the velocities in this and in other cases may have an influence over the 
respective vuluci. 

Electricity is obtained flrom other sonroes than friction with so much greater faci- 
lity, and in forms so much more applicable and manageable for telegraphic purposes, 
that fkrietional electricity hat not bMO applied in real practice. It most ooL however, 
bo passed ovSr In this place, because one of the earliest telegraphs, peThajH the very 
flrit in whieh a long length of wire was actually used, was actuated by tnis form of 
electricity. In 1816 Mr. Ronalds established, in the grounds attached to his residence 
at Ifammersmilh, eight miles of wire suspended by silk to dry wood, besides 175 
yards of buried wire in glass^ tubes embedded in pitch and enclosed in tronghs of 
wood, lie obtained his eieetrieity flom a common eleotrical machine, and bia mgnala 
from the motion of light bodies, balls of elder pith, produced under oirenmstanees 
analogous to those to which we have already referred At the fkr end <C hia tele- 
mph wire two pith balls were anapended close together. Elealridty amdiad at the 
home end of the wire at once diffused Itself througbovt tki eondlufdag system, 
including the pair of light halls. Just as we have seen g«dd leaf vecede aftor having 
approached robbed amber, and acquired an eleotrio ohaTgr; ao the pith halls, each 
being charged with electricity, derived from the aame sonroe, recede fMmeach other ; 
and this in obedience to the fundamental laws of static electricity, tor whidh we 
most rotor readers to tieatiaea on the subjeet Here, then, we have one solitary 
lignal. The manner in whieh Mr. RonaUs tuned it into language waa ingenioua. 
He presaod time into hia service, and by eomhming time and motion be obtamed a 
language. He provided a cloek movement at aaeh station ; the clocks were so regu- 
lated M to be s>nohroooas ia their moveosenti ; each of them carried, in lieu of a 
band, a light disc, having the letters of the alphabet and other signala engraved on it. 
The disc waa hidden by a screen, in which was one opening. It is obvious that if 
the olooki were starlad together, and had anitorm rates, the aame letter at the aame 
time would be iMm throngfa the opening 4a eaob screen ; and letter by letter would 
pass seriatim aafffnaultaiieoaaly hetore the respective openings. If absolute unifor- 
mity is difflcalt tor ksig periods, it is pnelionble for shorter. The sender <vf a mes- 
sage watched the opening of hte eereCni the moment the letter approached that he 
dtoired to triegraph he ohargad the wire with eleotrieity, and the balls nt the tor 
station moved ; the letter then visible there eorrosraded with the one at the home 
station, and waa read off The sendaf iWehed till the next letter he required came 
round, and .so on. 

Let ns now pass on to lome of the leading flwtnrto of eleotro-tolegraphy, as fthaii 



ELECTRO-TELBOBAPIIT. 1T5 

been milttd of loto yein, and to a dHcriptloD of tomo of tbo tolagtoph faMnsienia 
Huit are moat in oae. 

Chemical action ia the moat fcrtU; aouroe of eleotrieitj. If a liWer 'fork Md n 
aleel knifo htre oonneoted together by a piece of wire, and the fork ii thniat into a 
piece of neat, aay a hot mutton chop, the moment an tneition it made in the meat 
with the knife, electricity will paaa along the wire, and eontiona to do to whilo the 
above diipoeition of things remains Upon the projwr teat being appHod, tho dee- 
tricity ia readily deteeted. Thia ia the rerrcNt firm of ckitrieity. The amoont of 
force in circulation in thia particular combination ia not very great, and He power ot 
irawllingtoa diftance ianot very high, but atill it ia quite capable of prodoeing goodi 
aim ila, on a delieate arrangement of the needle inatfument (of which more bereAlar) 
with whiah in England we are ao fomiliar. 

The amount of electneity obtained by meaaa of ehemleal aetion, la ineraaaed to 
the required extent by a judicioua aeleetion of matala, and of tha liquid er llqukla in 
which they arc immersed. Zinc la invariably uaed aa one Of the niflalt i it ia repre- 
sented by the iron of thb knife in the above experiniMh aileer, and platioom 

or graphite (gas earbon^ is selected for the other m et a U Whea the two ttetala are 
imniened in a same liquid, a mixture of sulphuno aoid wbb salt-water, or fireah, ia 
employed. When two liquids are used, they arm separated hr a perooi partition t 
the aine la naually placed in the sulphuric acid solution, and i|m other owtal in a 
solution varying with the nature of the arrangements prepe n d. Ziio la natnraUy 
soluble ill the aeid solution in question ; and would therefoli waati away and he 
eonaumed at the expense also of the aeid, unless precautions were taken to make it 
resist the ordinary aetion of the aolveut When sine is dissolved in meroary it is not 
sHaeked, under ordinary cireunMtanc^ bj sulpburie aeid solution. Heaee the plates 
of aine employed in all good voltaio combinations, as they are caUed, into which 
this aeid, in a free state, enters, are protected by bdag well amalgamated, that is, 
they are dipped in a strong acid mixture and well washed \ and are then dipped into 
a moroury bath, and are piaoed aside to drain. The operation ia generally repeated 
a second time ; and, in the beat arrangements, the farther precaution it taken of 
funding the sine plate, whilo in the seid water. In some leoce merenry, placed either 
in the bottom of the oonUiiiing veesel, or in a pwua pereb a cell t by the latterarrange- 
ment, mercury ia economised. In single liquid arrangements, it is dmirhble to select 
a nietil that is not attacked by the acid. Copper has been extensively used, and is 
very vsloablc } but it possesses the defect of being slowly attackable. The waste, 
however, that it sutfers in itself from this cause, is of small moment compared with 
certain secondary results, which terminate in the consumption of the acid and the 
sine, and the destruction of the functions of the sppmatus. Gold or platinum are 
free from these defects, hnt are too costly. Silver, is to a great extent free from 
them, and has been much and snccessfolly used, espeoially when platinised, that is, 
having its surface covered with finely divided powder of platmnm. The eorroaion 
fiH>m gas retorts, cut into plates, and similarly treated,rfonnB with amalgamated aine 
one of the cheapest and most effective combinations. 

A single pair of plates, no matter what their character, is unable to produce a force 
that can overcome the resistance of a wire of any len^h, and produce an availdilo 
result at a distent station; and henoe a series of pairs are employed in the telegraphic 
Birangements. ■ {Jig, 704) represents a common mode of asrunging aaeries of paira of 
plates. It consists of a wooden trough made water-tight, and divided into water-tight 
eells. The metals are connected in pairs by copper hands ; each pair is piaoed astride over 
a partition, and all the sines thee one way. When the platet (copper^sinc) are placed 
in, and the cells are filled up with pure white sand, and the aoid water poared in, we 
have the very portable battery that was originally used by Mr. Cooke, and is still 
much employed in England. When batteries of a higher class m em|doyed, the 
cells are distinct pots or jars ; and great precautions are taken to prevent aay eoadnet* 
ing eommnoication existing between foe neighbouring eells, save by means of tha 
copper hand. In the trangh fbrro there is a leakage and loss of foroe from eell to 
cell. The o or copper is the poritive end of such a series, sad foe n or sine, 
negative; and both are in a condition to discharge, either each to foe other, by means 
of a wire led from one to the other, or each to foe earth, one by o wire leading lo 
the earth at foe place where the battery stands, and the other ^ a kmg wire (lay n 
telegraph wire), leading to the earth at a distant place. The realstuee to be over* 
eome is. to the former ease, less ; and.foe current of foroe in eireolation fo propor- 
tionately greater. Under whatever cireamstaocei a wire takas part in pMMttng te 
discharge ofan apparatosof this kind, the whole offoesaMwireisfoneondItlionmDdi* 
eate the presence of the force that is pervading H ; and u foe farea aany be pTfoontcil to 
foe wire in either cf two directiona, that ia to say, the copper or the slno, namely, foo 
porithre or the negative end of foe battery, may be presented to the given end of tlio 
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Itlagiipli win, tiM rvlaiive conditkm of tht win wUI be inodifled scoot dingly. 
only een Uit 4inwfioo of this eorrmc force be lotertedst plraturr, but it csn be 
704 meiiilsined for any 

loogtb of timoi groat 
or unall, and In ei- 
ther direction. Tbitii 
aeoomplished by va- 
rioufl mechanical ar- 
raneementa, which are 
theaeya,ooiiimuUtor>i, 
or haodlcc of the ra- 



rioua telegraph 
iiienti (of which more 
hcreaftw), and are 
ofo^n the only part 
preaenting any com- 
plexity about them. 
Jii/p. 704, the Bouree of 
electricity, e, we have 
already described ; the 
teat instrument for the 
abiioriuai atato of the 
wire, that is to Miy, 
the telegraph proper, 
ii the ]iurt a. The 
complex part, consist- 
ing of spring!, cy- 
linders, and atuda, 
shown below a, is 
nothing more than 
the necessary meeha- 
nicul arraiigioneiit for 
diructiiig at pleasure 
the current from the 
battery k, in either 
direction through the 
wire, ond ^rough the 
|>art A. 6y following 
the letters in the order here given, the course of the current mny be traced fiom its 
leaving, s.iy the poMtiic or eop|ior end of the hBtter},tilI its nauru to the xinc 
or iiegnine end ; r r' i» w w u a z' 6 n z. If n companion instrument were in any 
|tnrt of the circuit of tlie wire w w, it would corret^poud in ns ugoabwith the home 
Instrument, 704. 

Oue of the properties possessed by a wire, during the e of diMharging a voltaic 
battery, is to deflect a magnetised ne^le. If the two are parallel in the normal state 
of the wire, the needle is deflected this way or that, when the wire is in the abnormal 
state; and if the needle is wry delicate, and a large enough amount of electricity is 
eircnlating through the wire, the needle reaches the maximum deflection of 90^ 
This is an extreme case and cannot be approached in practice. Indeed, the deflection 
of any ordinary needle, under the action of an ordinary telegraph wire, would not he 
appreciable. But, as every foot of the wire has the earn amount of reaction, w c have 
merely so to arrange things that many feet, a long length of the wire, shall he made 
to react npon the needle at the aame time, and thua the effect is multipUod in propor- 
tion to the length of wire so concentrated. This is managed by covering a con- 
siderable quantity of flue wire with silk or cotton, and winding it on a frame A {fig, 
704'), suspending the needle within the frame. Such an instrunicnt is called, from its 
properties, a muitiplkr. It is seen at a giance that the wire of the multiplier is an 
aMtton over and above the length of the actual telegraph wire required for reaching 
the distant atat^and thus it praetieally increases the distance to he traversed: its 
amullness adds tPRia. The multipliers commonly used add a resistance equal to six 
or seven miles of telegraph wirSi 

la;t 08 now torn to the fhee of the unatrumcnt. Here we haye a dial and an index, 
which is on the ume axis as the mamietised needle above described, capable of being 
deflected to the right cr IcA, and fimited in its motion by ivory pins. We have a 
handle for working the mechanical part so connected that, as it moves to the right, it 
diricts a current into the wire such toat the needle moves to the rights and vice verid. 


ELECTRO-TELEGRAPHY. 


177 


An tlphabn it conitrucUNl (Wnh the eombinttion al Hmt two vkmtn^^alrf 
QM or more of either or both kinds of defleciiou being used Ibr Um varioos faglttii 
M shown on the enmved disL This 705 

is Cooke and Vrh»tst(»ne*s single 
needle iutnBneDt,/ro. 70&. 

The form ud ch srscter of their 
doable needle instninimt in thown u 
fy. 706. It is precisely s duplieste of 
the former; two hsnales, and their 
respective spring% studs, and cylin- 
derSi two muliiptiers, and t«o mag* 
netised needles, with their external 
indexes, and ta o telegraph wires. One 
battery, however, is suflcient. One 
or more of either or both kinds of de* 
flection of cittier or both needles, 
according to the codh engraved on 
the dial, constitutes the alphabet. This 
instrument is very extensively em< 
ployed I messages are sent by it with 
extreme rapidity. 

Another property possei^ by a 
wire conveying a current is that of 
converting soft iron, for the time, into 
a magnet The attractive power, 
which can thus be given to, and with- 
drawn from, the aott iron nt pleasure 
is turned to nseAil aeeount, either in 
producing direct mechanical action, 
or in liberating tlic detents of a < 1<h k 
movement. Here also the effect of the 

706 
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aoHtwrjr wif» |ii faiAppMsIabla, and many eonirointkim aromid tlie iron aro nuatmaiy 
in otdttt m alNau a uavfiil laaalt. 

TW aimfdm appUaaHon of thb prineipb b ahovn in>i^ 707. Here are two Vraat 

reeli, fllbd wHh ootUin- 
eoverodmpor wbate ono 
bngtk. Tbej are hollow, 
and a U-ehap^ bar of iron 
pamee throngh them, pra- 
aaoting ite enda at the moo 
turned toward ua in the 
diawing. Thb bar be- 
oomea magnetic, — forma 
what b owed an e/ee<n>- 
moffMi erery time and aa 
long aa aa electrical cur- 
rent oiroulatea in the wirei 
and ita enda become re- 
apectivcl V north and aouth 
polea. A. narrow plate of 
iron, an armature, aa it ia 
termed, ia mounted on 
pi vote in front of the enda 
or poltw of the magnet ; 
it carrica a Tertical ateiii 
upon which the hammer ia 
fixed. Every time the 
iron bar b magnetic the armature b attracted, and the hammer atrikea the bell. The 
apnngor contact-maker for introducing the ourrent of electricity into the circuit, ia 
Mliown in front on the right hand aide. Thb b Mr. Walkerh bell for aignalling 
railway traina from atation to atation. The language eonabb of one or more blowsu 
< lue, two, and three blown are the aignals for common purpoaea, half a doaen bloaa b 
tlie limit The aekpowledgment of a nignal b ita repmition. By a aimplc arrange- 
ment of an index, that movea in fellowenip with tho nammer, the e>e, aa well aa the 
ear, may read the bell aignala. 

Fifji 706 shown another application of the direct action of an electro-magnet in pro- 



ducing telegraph signals. It b Monpe'i printing telmpli, Tery generally used in 
America, and used to no amall txtint in Europe. Tim eoib of wire are shown at 
M, the armature at B, fixed pi cmi end of the lever which ii itself carried on centres 
at c. The ng|B of motio% Im b small in order to produce rapid utterance ; it is 
regnbted byVH aorews The reaction of the apiral spring /rettorea the lever 

to itt normal posHloa ea» foagoatitm oeaaet. The aignals consist of dots or 

dashes, variously oombinedk Mb By W pointed screw t open the slip of paper p, 
running foom the drum at the ri^t in foe direction of foe arrowa ; a fow auoh 
aignab are shown upon the dad of the paper slip. We have deecribed the tebgraph 
proper, which ia teen fo ^ mforemely aimpb. The only parts at all complex are, aa 
with foe needle insuiMMtoalraidydeieribed, foe mecha^al parta, namely foe train of 
wheebfor carrying on foe paper hand, and foe key or eontaot-inhker, not ahown in 
foe figure. The amount of premore required from the point t in orto to produeo a 
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Mftik, ii todb that it omumI oaoviainitlv b« pfodnoed by tbf aiifMlo attiMtkMi. 
d«rivtid flroa a current of cleotriei^ tbclliae came fttHu a w distanc ftatloo k older 
tooiroulataJUitlicooUf ofwimM. llik diflcolty doci not prmU k tba iifBal*b«Ua 
707. wUeh arc, at moat, not requtnNi to be more than eight or tea milei apart, and 
Ui which alao momentum can be and ta aceumolated ao aa to eonapire in mdacing 
the Anal reanlL Horae has, tberefora. had reoouiee to a rafair. aa be eatta it. Thia. 
in principle, ia pretty much the aame thing aa the iaatmment itaelfi hoi it baa no 
heavy work to do. no marka to make i it ime aMiely to ect the part of a eoatact- 
maker or key ; it can hence be made very daUeati. |W aa to act well by aoch cumnta 
aa would not produce any motion in the laatralaeat Itaetf. The batteiiea whieh 
f'uniab the electricity for doing the aetaal priatiag work in Moiia'a leiagiaph. are in 
the came etalion with the inetroment iiaelf. The eAec of the veby ia to reociee the 
eignale ihmi afar, and to make the n e eem a r y eeaneeliona with the Uwal battery and 
imitmment eo as to print off the eignale on the paper ia the naual way. U Is obvioua 
that the motions of the insuument and the rel^ am sympathetic, and that what a 
trained eye ean read off firom the one a trained ewr eew feed off Itom theother. The 
relays are constructed with much finer wife than la required for the betrument 
itself, so that the enrrent circulating in theas, akhough very low in force, is inultipUed 
by a very high number, and becomes equal to the deUaato duty iUi|uiied of it 
F^. 700 Ih aaollier illuftratiou of the direct application of the electro-inagiet wUhmit 
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adventitions aid. It represents a detent of McCaltum*s Oloboiype for recording 
signals. The long tube contains sinaU glass balls, which are retained therein by a 
detent attached to the armature of an electro-mognet Every time the armature Jp 
attracted one hall is liberated and runs down into a grooved dial, where it remains rnr 
inspection. One or more tubes and detents are used, according to the nature of the 
signal required. As applied to the signal bell (Jlp. 707) three tubea are usedi one 
charged with black balls, for indicating the number of bell strokes made ; one with white 
balls, for indicating the bell signals sent ; one with spotted balls, for m svk^ g off the 
time in quarters of hours or intervals of less length. 

The balls, when liberated, all run into the same dial 
Olid arrange themselves seriatim. 

We may here refer to the eaae of another hell or 
alarum, in which the magnetic attraction derived from 
the current that arrives, is not equal to the mecha* 
iiical work of striking a blow and sounding a belU 
but which is able to raise a detent, that had restrained 
a train of wheels ; and so allow the mechanism of the 
latter to do the woric required. This anungemeot 
ia shown in Cooke and Wheatstouc's alarum./^. 7 10 1 
t is the bell ; m n, is the double headed hammer, whieh 
is in fket the penUom, attached to the pallets which 
work in a acape-wheel hidden in the Bgure, and in 
gear in the usual way with a coiled spring in the 
box A by the train r„ The electro-mag- 

netic part here, as in other instruments, is simjde 
enoogh t a c is a lever moving on a centre above I, 
having at one end an armatnre o, fkeing the poles 
of the electro-magnet s i and at the othw end e, a 
hook whieh Ikoei the wheel r. and by catching in a 
notch on its cireumforenoe. keeps the train at rest 
Bat when a enrrent circulates mrough the coils €, 
the armatuiu is attracted, the hook is railed, the 
train li Itberuted, and the pendolttm-hanutter vibrates end itrikii u moeeiifim of 
blowu ttise support carnringe small spring, which r»«sctsea the lever, eiidtestotes 
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ltloHiBomilMitlM«lMiith«mi|nsetisaoeaMi. ThitilanmiiiiiedlbredliBgllM 
•Iteiition of tt&gnipli ekurki. It requires • mils Btlentiofi to keep up tbs praper 
udjostoient bstweeo lbs spring on tbs one hand, nnd tbs mngnstio ntoietion on tbs 
iitbef. 

The telegraph orlgtonlly adopted and still largdp used br tbs Frencb Adminis- 
tratum, is somewhat akin to the alarum juat described. It bas a train of wheels, n 
srape-wheel with four teeth, and a pair of pallets. Thera is, however, no pendn- 
liim \ but the pallets are conncetcd with the annatnra of an electro-nagnst, In sneb n 
manner that, for each atti action or reputoion of the armature, the scape- wheel is 
liberated half a tooth | for an atti action and a repnlsion a whole tooth; so that four 
successire ourrents, prodncing of course four consecutiTe attractions and repnlalona, 
ftroduce a whole revolution of the scape-wheel. The axis of the latter prq{eeta 
through tho dial of the instrument (Jtg. 711) and carries nn arm a or 6 0^.71 S), which, 
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*^111011 ing the motion of the uhicl, able tii aKsunie eight distinct positions. The 
apparatus Is generally double, as shown iii the figure , and the signals are mada up of 
the various coiiibiiiHttoiis of the eight positioiib ot each of the tvio arms. The arm ia 
half black, the other half white. The position of the black portion is re^ off; the 
white portion is merely a counterjKiibe. 'When only one half of the dial, or one 
index IS in use, the combinations are aliown b} producing with the one index suc- 
cessively the iiositioiis of the two, whose combination makes the signal, always giving 
first the position of the left hand index, then that of the right llie bandies shown 
111 fKiiit arc the contact-iiiakeib ; uiid are so constructed that the position of the arm 
on the dial coincides With the iiositioii given tO the handle. jRjp. 713 ia a front view 
• ]2 of the two anns; part of the dial is 

^ sup(>osed to be removed, so as to ex- 

piwe the foiir-toothcd-wbeel already 
mentioned, and tho pallets * ands; 
* / viib ^ ^ kieh, in their movement to and fro, 

j I allow of the semi-tooth advances of 

\ / In these various applientioni of the 

' , electro-magnet, the armature baa been 

the only action of 
the electro-magnet baa been to attract 
i( It has hM withdrawn from the magnet after the electricity has ceased to eiroolate, 
I ither by ilMIru gravity* by a counterpoise, or by a reacting spring. We now come to a 
telegraph that is well known and much used, Henley's magneto dectric telegraph, in 
w Inch there ia no reacting spring ; and in which the movement or ugnal is produced 
h} the Joint action of attraction and repulsion \ and the return to its normal state by 
the same joint action. Each pole of Henley's electro-magnet has a doable instead 
of the single termination, that we have been considering in all preceding caeea. A 
piece of soft iron, like a creeoent, is icrawed upon each of the poles ; me horns or 
cusps of the respective creseents are freiag and near to each other; and n manetised 
steel needle is balanced between them. This arrangement is somewhat like the 
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ibUawIag ( j ^ So long M BO GBiTOBt It eiiTalttiDg ia tht ooilt of the eleclro* 
rotRoet, the creioenlt are imptitive iKtft iroa, and no one point of either of them 
hat more tedienrj than tny other point to attract either end of the niagnetited needle 
that ia hetween them. But while a current It eirculotiug, one of the cretoentt it 
endowed with north maanetic polarity, which it especitllT developed at lit homt, 
and the other with touth polarity. Siuppote the hortit or the right hand ereeeeiit 
•re north poles, ihow of the left touth polet, and the top end of Uie needle it 
north. Four foreet will nontpire to move the needle to the left lit top will ho 
attracted bj the left hand creteent and repelled ^ the right g its bottom will be 
repelled by the left, and attracted by the right When this eum^nt eeatet to eir* 
culate, the tiniple attraction between the inagnetlaed needle and the toft iron of 
rrotccnt tends to retain it in a deflected poattion, Thb teudency it inereated hy 
a little residual magnetism, that it apt to remain In the liett iron, uotwithitandiiig 
every care in ita preparation. In order, therefore, to restore the needle to its noniial 
petition, a short miich current in the reverie direction it gi^en. These inttriniienia 
are tingle or double. Only one kind of deflection of the needln it ivailablu for 
actual signals t the other motioa being merely the return to the nonnal state The 
tingle n^le alphabet ii composed of deflections of a short or a long duration ; thcMS 
are produced by holding on the current for an instant or for more than an instant \ 
and the various combinations of short and long correspond to hlorM'e dot and dash 
system. The double needle alphabet consists of combinations of the deflection of 
cither or both needles. 

Fig, 713 shows Henley's iiistrum* nt, and, in completing the description of it, we liai u 
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to describe another source of electric cummt to which no nllusioii has been hitherto 
made. The electricity here employed is obtained neither by friction nor by chemical 
action, but by means of magnetism anH motion. If a piece of metal is moved in the 
presence of a magnet, or a magnet is moved in presence of a piece of iiieta), a current 
of electricity is generated in the metal. The results are multiplied when the metal is 
a coil of covered wire ; so that we have here the converse of the electro-magnet ; in 
the one case electricity had produred magnetism, in the other magnetism produres 
eleetricity ; hence the name magnttvelfctrw telegraph. We have here a powerful 
set of steel magnets A a, all the north ends pointing in one direction, and bound 
together with a plate of iron, and all the south ends similarly arranged in the other 
direction. Facing each end, but not quite in front alien at rest, is an electro- 
magnet proper, b b, consisting of the (J-shaped iron rod and the coil of covered wire, 
as descrilH^ in Jig, 707, Each electro-magnet is mounted upon an axis, c is a short 
lever or key ; on depressing this the electro-magnet moves from its normal position 
in a region ol leeeer magnetic force, into a new position in the region of matest 
magnetic force, and Chn^ is the double condition, enunciated above, complied with t 
the copper wire is moved in the presence of a magnet, and thia under the moet 
favourable conditioiis; and the U iron, rising from a feeble to a strong magnet, iu 
lioct of magnetic force move in presence of the copper wire. Juet as a current, 
coming from a longdistauce, had to be received in Morse's arrangement (Jig, 708) in en 
electro-magnet of a long coil of fine wire, so as to he mnch multiplied in order to 
do its work, so here a magneto-electric current, that baa to be sent to a long distance, 
must be generated in a long coil of very floe wire in order to have eleetro-motive 
force edfleient to overcome the resistance oppoeed to it In like manner the electro- 
magnets of the instrnment d, in which it is received at the Ihr-off station, have the 
same mnltiphing oharacteriadcs. The magneto-electric enrrant exists only during 
the motion of the electro-magnet in front of the steel magnets, and this motlun trnst 
be rather brisk, or the change of place is slow and the current ^hle i hut the eurmt 
ceases with the motion. The nertle, however, remains deflected from oaneea to srhieh 
we have already referred, and if the hand ia raised gently, ao that tha ooBi return 
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tUnwAj to iMr aoniial wMitioii, the Mtdlt viU.niMtn dcfloetod » but, if tbe hand fa 
to removtd duit eoili ftturn iioickly ftvm th« rogkm of gmiost to one of letter 
■uvartio foroti t rereree eurrent of leeier forte than the origiotl it generated, which 
ndeaiee the ne^le fnm itt dafleeted poeition and reetorct it to ile normal plaai^ reed j 
for making the next tinaL In a nwent form of thfa Inetnunent Mr. HenWy baa 
obviausl the neceaaitv or tnoriog the fleetm-magneta, etUI retaining the tame thnda> 
mental prineiplee He wet a aet of Urge U*abaped permaiieot magncta^ and plama 
the eleem»-niagiict ia the apace between the branehea of the permanent magnA, and 
BO that the four polea of the two magneta, the permanent a:^ the electro^ *hall he 
dnab with each other or in the aame plane. A coaple of iron annatores are mounted 
on a dim tn front of the magneta. The due haa a motion on a eentro i the armaturea 
■re enreed or creeeent-ahap^ Their form ia ao ad]aated to the reUtire poaitiona of 
the polea of the reapective magneta tliat, in their normal or ordinary poaition, ono 
creaeimt conneeta the N. pole of the magnet with one, aay the pole of the 

electro-magnot, and the other crcucent oouneclk the 8. pole w the permanent magnet 
with the miwr pole of the eleetro-magoet On preuing a key the diae morea, and the 
arroaCuroa ao onange in poaitioo (hat the N. pole of the magnet fa ccmoected with the 
kiiecr. and the S. pole with tlm n/i/ur polea of the electro-magnet By thfa arrange- 
ment the polarity of the electro-magnet ii reveraed at plcaanre, and in ha tranaition 
being a magnet with potee in one direction, to becoming a magnet with poles in 
Ihe reverac direction, an electric current ia generated in the wire with which it ia 
wonnd, gnd the direction of the ennrent ia thia way or that according aa tlie transition 
M from this direction of polarity to that. This form of magneto-electric machine 
ailnwa of larger cUctrcwinagnetic eoila being used, and givea the manipulator com- 
paratively very little wtMght to move in aignalling. 

We have ihown how an electric coircnt ffencrutca magnetiam, and how magnetism 
generates another cleetric ciirriMit •, it would ftdlow logically that one electric current 
should rlierefon* gcDcrate another electric current ; for tne magnetism produced by a cur- 
rent circulating iii one w ire, must have all the properties of magnetism, and among them, 
that of producing another current in another wire; and so it is. A few convolutions of 
a Urge aised wire are coiled round an iron rod ; and outiule the larger wire is a very 
great length of finer wire. The eunent from the battery Is called the primary current 
in this arrangement ; and the moment it begins to circulate^ in the large wire, it 
magnetiaea tlie iron and generates a current, called tieetmtlary^ in the fine wire, which 
is able to penetrate tn a very great distance. When the primary current ceases, 
magnetisation ceases, the lines of magnetic force disappear, and a reverm aecondary 
eurrent is produced. This was the method proposi*d for obtaining theaiWondary cur- 
rent for traversing the Atlantic i)ce8n from Ireland to Newfoundland. The lar^ 
wire is not neeeaaarily first coiled on ; in the coils for the Transatlantic telegraph it 
was coiled outside. Nor is the presence of iron essential to obtaining secondary 
cufTentib 

It will have been noticed in all the arrangements which have hitherto been 
described, that the signals are produced by motions,— that the clectrio current on 
reaching the fur station ia multiplied by being directed through many convolutioDB of 
wire, 11 ^ ia made to act upon either a pieced soft iron or a j^ece of magnetiaed steel, 
and to move them, the motion being turned to acconnt directly, or by the intervention 
of ineohaoism. We have yet another property of electricity, that haa been very 
■iiocceafully applied to the production of telegraphic sinau by Mr. Bain, in his 
electro-chemical telegraph. If a current of electricity ia led into a compound fluid 
body, say into water by one wire and out of it by another wire, the body is decom- 
pose into its constituent elements, one of which, the oxygen in the case in question, 
makes its appearance at one wire and the other — the hydrogen makes its appearance 
714 at the other wire. The uune bolds good 

with bodies of a more complex character in 
solution in water The compound ecdected 
by Mr. Bain is cyanide of potaasium. With 
a solution of this, he aaturates a long ribbon 
of paper, similar to that employed in Morse’s 
telegnph. He causes the paper B (Jig, 
7 14) to pass over a drum of brass n, between 
Ihe metal of n and an iron point or stylus 
p. The electric current enters the appa- 
ratns by the point p, passes throogh the so- 
lution of cyanide of ^tassium, with which 
the paper b is saturated, and oat by the 
•pfing which is in metallic oontaet with the dram r. Decompositioo takes plaee 
and the welt known cyanide of iron (Prassian bine) is formed at the point of oontaet 
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of the Iron ttylns p with thpjpaper, tb« Iron of tho eomponnd boing rappliad by the 
•tylue itielf. The paper ie carried on by ordinary meehanUm ( and a dot and daih 
alphabet la formed, according to tbe^daradoo of eoiitaca at the lending elation. There 
Ie a liagle wire and a double wire code ; and the aignala appear at deep bine marke 
iwon (be paper. Suppliei of paper eaturated with the aoliition are kept in reaerve. 
Tbie ia unqueitionably a telegraph of eitreme eimpllcity. It baa been employed with 
Dooh ancoeae. 

Mr. Whitebonae prepared for the Atlantic Telegraph a ayetem in which motion 
and chemical action each play their part. The aeeondary currenta that he employed 
were not able to produce the chemical decompoaltion that ho requires Ibr hU aiguala 
He therefore received them in a very eenaitive relay, either an electro-magnet or a 
multiplier. The relay was a contaot-maher, and eooneeted the neceamry number of 
[oral batterief with the printing apparttna, which eonaiata of a ribbon of paper, aatu- 
rated with a chemical aolution and paaaiug between n drum tnd n ateel point 

We ihould eacetd enr limita, were we to attempt the description of aems of tbs many 
other fbrma that havs been proposed. The above are good illustrations of tbs leading 
principles, sod srs all in sucoessfbl use. Some teiemphs will print in ordinary cha- 
raotera t this rcenlt is only attained by ranch eominMity \ and ita value b more than 
queationable. It being aa eaay to learn a new code aa a new alphabet i and telemph clerka 
rend their aignala u readily aa they read ordinary writing or prlntingi end my acquire 
their knowledge in a very short time. Hence probably It is that tstagSaphs to print 
in ordinary oharseters are but little known in real practice t neverthdasa, some very 
promising instmmenta of the class have been produced, bv House, ud especially one 
more recently by Hughes, both of the United States. The following tnUs bss been 
«lrawn out as nn illustration of the codes of some of the chief instromenta that have 
been the aubjeet of this article. It shows the number and nature of the aignala (de- 
flcrtinos, dots, dashes) for producing the name of the great discoverer of electro- 
magnetism, which is (he fonndKion of elect ro*telegrsph. The Ugores on the right arc 
the number of marks or signs in printing and in each kind of telegraph. 



The nhuMkcbro^taHc system of telegraphy was drat descftbed by If. Botto, in 184B. 
It ia applicable to some but not to all forma of telemph. It tiqsbeen applied on the Sooth 
Eastern Railway to the signal*b«]ls (/ip. 704), m the pnippse of fwdnemgthe amount 
of battery power reqaired under other oireumsfaiices to tbeiri».by 

which a pur of bells are connected, Ie in (la normal ata^ jOk permanent eonneoiloD 
with the aimilar pole, say the positive, of htteriea of eqaqi ptisrsr at Che respective 
stationa, ao that two cuircnta of equal power an oppoeed to and Ifalaaoed against each 
other. Under these eircuiDStaaoea, the wire is in a null, pr rheorelcetro-smc stits i 
neither eurrent eircnlnles. If the conneetion of one of (he betleriee is reversad, so 
that Its negative pole is presented to the prhre, then the eoyreittc ef both batteries are 
in the same direction, and they circulate as one eurrent, cqqpl ill value to (he combined 
force of the two betteriea Tbe eppliostioD is obvious ; that* wbereas, under the 
ordinary system, a whofe battery, of force snfficient to traverse the distanee and do 
effective work, must be st each station, under this (nstem only haff sneh battery is 
necessary at each station, ibr prodneing ffto same effective work. Alao^ If a Imie 
more battery power is placed at each station than is necessary (bribe actual irork 
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nquind. 9 \pmk of higher power ore ohuioeil ender conmaii rircunietimcra ; anil 
olio the e«]atliMtiiR of fho two oppoM'd eurrvou may be diiturbcd at any place 
between the two atatlonii, and siguali may be made by inerelr making a coonectioii 
botweru the tine-wire and the earth ; brcaaM the negative pote at eachetation ie fitted 
lip in permanent oonnevtion with the earth i and, m the poeitive poles are in like 
eonnectinn with the line-wire, each battery cum^nt ii made to circulate through its 
own •igoai'heit every time the earth and line* wire are placed in connection. By thia 
meana the guard of a train can make signaie of dUtreee to the neareet etation without 
the aid of portable apparatus. Considerable care w required to obtain good communi- 
cation with the earth on the open railway for making distress signals, or otherwise the 
disoharge la imperfect, and no signal it mode. Fish-jointed rails are very valuable for 
thb purpose i in their absetioc especially at emlmnknienta, metal must be buried for 
the purpoie at intorvaU in tiic iiuest earth, and a wire attachi'd for use. Contact 


s|U‘inga 0B the telegraph poles are proposed. 

I'ciegraph wires are suspended to poles by in- 
sulobirs of earthenware, glass, or porcelain » the 
material and shape varying according to the ex- 
J U ) perience of the engineer and the length of line 

to be insuliilcd. In very short lengths, the battery 
( J power required for overcoming the resistance is 

not great ; it will thert'fore not overcome the resist- 
( ^ gnee of on insulator of modi rate quality, and cKspo 

to the pole and thence to the earth ; but the battery 
power required to overcome the resistauee of very 
( J long lengths of wire in equally able to overcome 

^^—7 ▼ resistances presented by interior insulators, and 

/\ J to esoiipe in conkiderahlo quantities st every polej 

BO that the force which reaches the far 
71 A station would not he equal to its work. 

# lt is fiir these long lines that the 
greatest ingenuity has been expended 
in ronstracting iusulutorb. Fine porce- 
lain is most in iiivoiir fVom its present- 
ing n very smooth surface, and luMtig 
le^s h\giometric than glass; and it is 
distorted into most rnystrrim looking 
sfinpes in order to present as great a 
distance, and one as mneh sheltered an 
]MHisihle, between the part, with which 
the line-wire is in contact, and the 
part that is in contact with the pole. 

For subterranean and submarine 
wires still greater rare is necessary, 
bccniwe they are in the very tiosom of 
the eartki or w'a, to which the current 
will escape, when and where it can, 
in order to complete the discharge. 
Fig. 715 represents the cable that has 
been lying in the British Channel be- 
tween Dover and Calais, lince 8ep- 
teiiiher, 1851. It contains four No. 
16 copper wires, each wire is doubly 
cowered with gutta-percha. The four 
wires are then twisted into a rope ; 
and the rope is thickly covered, first 
with hempen yam, tarred, and finally 
with a jacket often No. 1 iron wires. 
The emblo is shown in perspective and 
in eection. Fig, 716 mo we the per- 
epective and eeetion of the Irish, a 
single wire cable. It coneiste of a 
single central conductor, of one Mo. 
16 copper wire, doubly covered with 
gntta i^rcha, then with hempen yam 
as before ; and finally with a proteeting 
jacket of ten No. 8 iron wirei. The 
Calais cable weif^s 7 tone per mfle ; the Iriah, S tons per mile. The Atlantia 
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telegraph eiiMe» of which netrlv 3000 milet were preptrrd, if in eeotion, Jiiit the eise 
nf a eilTcr threepenny piece. It ii t single wire eeble, the wire wai a strand of leven 
Nfv 23 copper wires, trebly eoeered^with gntui peroha, then with yarn, and protected 
with eigntm strains of scTen wires eariu of No. 22 iron wire. It weighs 19 cwt, 
to the nile. This cable is lost The iron Jacket is in disrepute now for deep sea 
cables. Hemp is preferred* 

Telegraph signals pass with fltr teas rapiditT throngh bnried and through sahma* 
riiio wires, than along the ancient serial wires, llie stow traeellings mentiom^ 
above, were through wires of this kind. We must retbr to trsatiaes on Electricity 
for Aill details of the conditions presented by a telegraph cable. In practice it is 
found that on first sending a signal into a subroergi^ wire, the eleeiricity is de- 
layed on its road, in order to pr^uee a certain electrical condition upon the surface 
of the gutta percha that it in immediste contact with the conducting wire. Nor is 
this all ; before a seeood distinctive signal can be sent it is necesssry that the con- 
dition produced by ^ first signal shall be destrayed ; and this is an operation, 
requiring even more time than was oonmuned in the meiu act of prodnrlng it These 
two classes of retardation, especially the latter, were largely nianifirated in the Atlsiitio 
cable ; and have called forth all the ingenuity of electnciaos, in order to mitigate or 
to modify them.— C. V. W, 

The imponance of deep sea telegraphs is sneb, that it appean neceseery to add 
something to the description given by Mr. Walker. The following remarks were 
written by the editor for a scientific Journal, at the time when the failure of the 
Adantie experiment was attnetiiig all attention. Notwithstanding the surcesa of 
the last attempt to lay the cable, it is believed that the fbHowing pages contain ail 
that Is necessary for the purposes of this dictionary. — R. H. 

The Dover and Oatend cable was laid on the 6th of May, 16.13. This cnhle 
(/y. 716a.) is 70 miles long) it is composed of sin copper wires, insulated hy 
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a coating of gutta pcrcha, which are essentially the electrical cable, and these are 
sccun*d by an armour of twelve iron wires. The whole rope wm capable of sus- 
taiuing a strain of about 60 tons i it weighed seven tons per mile, making a total 
weight of nearly 500 tons. It was nude by Newall & Co. , in one hnndrid days, its eoit 
being £33,000. It required seventy hours to coil it into the ship, and it was sub- 
merged in the sea, from Dover to Oirtend, in eighteen hours. The arrangement of 
the Inner wires did not prove endrsly estisfketory. 

After the success in sinking the Dorer and Ostend cable, Messrs. Newall fit Co. 
eommenesd laying a cable ftem Donagbadee, in Ireland, to Port Patrick, in Scotland, 
aeroBs the Irish Channel. Thia cable was of the same weight and sise as^. 7 16 a, 
but the condneting wires were dUTerendv arranged, as seen In^ 716 A The 
drawings given are of the natural size. This cable was made in twenty-fonr days, 
and at a cost of £13,000. The Mediterranean cable is of the same oonstrootion as 
tbit aeroes the Irish Channel, and was laid in 1854. This Uneransfirom Spesxiato the 
Island of Coraiem. Over this there is a landlhie extending to the Straita w Bonifoeio, 
where a short anbmarine line of seven miles rnns to the Island of Sardinia. Across 
this island there is a line 203 miles long, terminating at Cape SparclTento. The 
tolcgraphio eoaununication between the Island of Sardinia and Afrien seems to 
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havff been mroniided with gmt difficoltiee. Two attempu were unsncceMful, but 
tbe third i^roeed, hy lia woceM. that peneveranee aeoampanied hr judgment 
UBually attain# the end denired. Thii eable, alao made by Meafri. Newall, wa# com- 
t}Oi 4 *<l of four act# of conducting wirea, and Uieae. in tbe deep-aea porticm, were 
proii«ct 4 »d by eighteen iron wiri'B, while the ahore end waa aurroiinded by twelve 
iiMioh Mniit«<r wirca. The ahore cable waa aiz milea in length. The diatance be- 
ta crii i^Bfie Spariivento, in Sardinia, and Bona, on the Afywan coast, ia 135 miles. 
Messrs Ncwitir& Co. atao made the cable which unites Bfalta and Corfu with 
Sanliiiia. As sliown in the sections (Jig, 716 5), the electrical cord is composed 
of seven aiiiali wires twisted together and inaulated by a thick layer of gutta- 
|i 4 >rehn 'I he det'p-aea porUon is protected by eighteen small iron wires; while 
tbe shore end is cu«ered by an armour oi ten atom iron wires, and which is conse- 
ipieiitl> iiiucli hoaMer than tlie deep-w*a cable. The weight of the deep sea section 
ol tliianthle is 1,360 lbs. per mile, and its total cost was £125,000. These may be 
regiiriled as tjpical ezaniples of nearly all the submarine electrical cables which 
have K^en laid. 

It becomes necessary to gin* a little more in detail the deacription of the Atlantic 

cable of 1858 {fg. 7l6r). The 
electrical conductor was a copper 
strand, consisting of seven win‘S 
—siz laid round one, forming in 
fact, as far as electricity is eon- 
oemed, only one wire. This 
weighed 107 lbs per nautical mile 
of 2.038 yards It was earefull> 
in«>ulated with giitta pereha, laid 
Thr Aiiandf ('mIiIp. HIM [.rnsiii, H>70 Miioi. on in thri>e coatings, and weigh- 

ing 2b I lbs. per nautical mile, 
r.ighteen stninds of eharconl iron wire - each strand composed of seven wires, six laid 
round one laid spitullv round the tore This wns, however, previously padded with 
a seising of lump, saturated witli a mixture of Stockholm tar. The weight of tins 
euble in air was 20 c^t per nnutical mile, while in water it wa*! only l.t 4 ewt This 
made it equal to 4*8') times its weight in water , or ciipibleot bearing its own weight 
ill a little less than five miles deep of that fluid Its breaking strain was estimausl 
to be 3 tons .^ cw t 

Tlie unfortunate failure of this enterpriM* in which both Europe and Amencji 
were equull} mteiested— led b) cousidtraidi diseussion. and to a cai^uf azaminatioii 
ol all thi eonditionn which were suppoN«*d to inthienee such electric cords. All the 
laws regulating the flow of an eh'ctrical wave were re-examined hy some of our best 
electnciaiiB, and many previous couclusiona received some correction. It had been 
Btippoaed that an inaulated submarine wire eonduets according to a different law to 
that of a suspended circuit This difference was thought to depend upon a system of 
induced earth currents influencing the submerged wire, which would not influeuce a 
wire wiicn suspended in the air. A simple example to render this clear to the non- 
seientilic reader may be necessary If a wire insulated by means of gutta-percha, 
or any other iion-condacting substance, is connected, so as to complete the circuit, 
with the two ends ot a voltaic battcir, n ooTToiit is said to flow through it. This 
means that an electrical wave of motion ia propagated along it in a given direction. 
If another oop|>er wire is placed near it— though not in contact with either it or the 
battery— another current, or wave, is generated, that ia, induced, in it This induced 
current interferes, to a greater or leu extent, with the primary current; and where 
great lengths of oabte are concerned it becomes an element of serious consideration. 
If a coated wire ia plioed on the earth, and an electrical corrent is establiahed in it 
the earth acta the |Nurt of the second wire and induction ia developed on its lurfkce. 
Mr. S. A. Varley has examined this problem with much cure, and has arrived at tlie 
following conclusioni. In a suspended wire the insuiatory medium of the air takes 
place or the gntte-pereba of the suIimariDe circuit. Tbe earth, which ia the 
nearest condt^A if a conaiderahle distance off, and is only on one side of the wire ; 
therefore butlMK induction era take place between the wire and the earth. Never- 
theless, induction to a certain extent does take place, and it can he detected with de- 
licate apparatus in circuits of very moderate lengths. If the distance between tbe 
. wire and the earth ia deoreasod, induetion will be developed more strongly, and the 
wire conld be brought down step by step, until the condition of a submarine oireuit 
would be approached, where the earth snirounds the wire on all sides, and ia onlv 
separated from it by the thickness of one-eighth or threo.sixteeotlu of an inob ^ 
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gutu-percb*, « inbitafice poiaesfing, ipeoiflcdly a vrach Kreoter iadoetiv« 

capacity than air. It, therefore, appehre that the eondiiioni are prmaely the aame, 
only diflhring in defrree. It if, ndvertheleaa, etident from thia, that a aubmarine wire 
ia placed under cireomatancea of greater dURciiliy than thoM which surround an 
ai>rial wire. Thia difficulty increaaea with the length of the wire, retardation be- 
coming more and more powerful as the dialanoe throngh which the wave has to move 
ia extended. A aubmarine cable may be regarded as a Lerden jar ; and the telegrapiiio 
indications are analogoua to the diachargca of a coated giaas. An hnpulae is given 
by making a connection with a volute battery at one end of a wire auapended In air 
—and it indicates telegraphically by prodneing magnetic disturbance at the other— 
and a auccewsion ot impulses will rapidly give a meeesaion of indications. Mow, in 
an insulated aubmarine wire this is not exactly what tikes plaoe. A distinction has to 
be drawn l>etween the simple arrival of a current which may he regarded as insian- 
taneouB — and the production of a telegraphic aignal. Afrer having charged the 
wires Bofflcienlly to fleveloiie an appreciable current, owing to the wire taking some 
time to empty itself, if currents are sent in Buecesaion with any rapidity, they will 
blend into one another, and, instead of getting a ssries of distinct impulses at the 
further extremity, u continuous undulating wave wrill be obtained. This sluggish- 
neif has been obviated, to a great extent, in drenits of moderate length, by em- 
plo)iDg opposite currents of elertrieity in succession. The effect of this is u> absorb 
the preceding wave, and to neutralise it much more quickly than would be the case 
if the wire were left to discharge itself in the usual way. In a suspended wire, as 
there is but little induction, there can he no accumulation of static charge worth 
noticing ; whereas a submarine wire, unless attention Ix' paid to this, liecomes uselehs 
for telegraphy. 

The elecdic conductor of the Atlantic cable is formed of seven wires, six aruuud 
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one {fig. 716 d.) Seven wires are used rather than one to giro greater freedom 
to the eleetridt j in passing by presenting a more extensive siirfime tn it There 
are mechanical reasons also wl^ a hand of wires is preferable to one wire. I'he 
most seiioas accident that can happen to n submerged inre is its severance. Copper 
wire cannot always be depended upon to prmnt the same amoont of strength in 
every part It fr^uently happens that an inch, or even a less portion of a wire, 
ia ciytealline, and therefore liable to break in being eoiled. uaing eeveo eectiona 
inetead of one, the probability of a fktal breach of eontinnity u greatly mdnoed. It 
is scarcely to he expected that seven weak places would occur at the same spot, and, 
if a single wire were broken, it would not interterCi to nny esosihle degree, with the 
passage of the carrent In eonstmeting the Atlantic cable, however, tto ntmoet 
care prevailed in every department Every portion of the copper wire wu enlmiitt^ 
to exact examination, and no wire waa need which poaeeaeed a lower conductiDg 


KLICCTttU-TKLKGRAPHY. 


1MH 

|K>««r than lt5 fff nf that of piira oopper. ^ The ioaalation nf thit conductor 
vai tbiM cflcoied* The centre wire of the copper etrand wac flnt corcred with 
f^hatterton'i eompoond (that i«, giitta-pcreha rendered viecid with Stockholm tar). 
Thie Aret coaling wae ao thick that, when the other aia wiree forming the itimnd 
were laid apiraUv aroand it, creiy interetice became Ailed and air caeluded. The 
ni 4 «haiiical eoHdity of the core thtia formed wm eer^ great Thie cable it nearly three 
tiiiifa aa heavy aa the old Atlantic conductor, ita weirtt being 800 Iba. to the 
iiAutical mile againat lo7 lha Tha oomplete eaclnsion of air, which ia a moat impor- 
tant object, ia ^Havod to be effected by thia arrangement The coiiductora of some 
cablea have auffered from their ^mg to aome extent looae with their ineulating 
covering. The core being thua formed, next received another coating of Chattcrton*a 
i'oio|iouiid which quickly aolidlAca, and thua thoroughly protecta the whole. It won 
then Hurroundad with a coating of the pareat gutta-percha, which waa prcascHl round 
ii in a plaatic atatc, by meana of a very aceurato die, and sheathed the cure in a coii- 
tiiiuoua tube. Over thla woa again laid another coating of Cbatterton'a compound, 
for the piirpoae of effeetuall) cloaing up anv porea or Aaws which may have eacaiH^d 
detection in the gutta-paroha tub<\ To this covering inocecdi a second tube of 
gntta-|»erclia, then another coating of Chattarton's compound, and so on alternately 
until tha wire was covered with temr eoatinga of gutta-mToho. and four of the com- 
pound. This liaing eoniploted, it weighs 400 lbs. to tne nautical mile. It is well 
known that the insulating power of gutta-percha sensibly decreases by heat The 
whole of the eondiieior was Immers^ in water of a temperature of 75** F^r., in 
whieh it remoiued for 24 hours, and during that time it wu constantly submitted to 
electrical tests. The core, after having Wn subjected to this and other testa to 

K rovc the perfect character of its insulation, was then submitted to the process of 
ring protected by ita iron -wire armour. 

Jute, winch had been submitted to the action of catechn, in order to preserve it 
from decoy, was very careful!) wrap])ed round the core, and as fast as the wrapping 

proceeded, it was coiled in water. If the water 
at any time penetrated to the wire, it would at 
once conduct away the electric correut to the 
earth, and the loas of inanlation would be at once 
iletected. This wrapping of jiitc is surrounded 
by ten wires nmiiufnctured from homogeneous 
iron ; each separate wire being itself, in the first 
instance, covered with tarred Maniila yarn, by 
which the iron was protected and ilie spccifiu 
gravity of the mass lessened. By a very in- 
genious arrangement, which onr space will not 
allow us to descrilic, the ten wires covered with 
the tarred Manilla hemp arc spirally wound 
round the core, and the deep-sea cable is com- 
pleted. The section and side view of the electric 
cable will be fully understood by reference to 
fiin. 71G J and 716/ As the shore end of any cable is more expos^ to the action 
of the waves tiian those parts are which remain in a state of rest at the bottom of 
the deep sea, it boeomos necessary to give this portion a greatly increased degree 
of protection. Fiy* 716 e, which it of the exact sice of tlie shore end of the 
Atlantic cable, will fully illustrate the conditions of this portion. This “ shore end ** 
is the largest ever yet conatructed. The core was formed by the main cable, 
whieh was wrapped with a serving of yarn to a sue sufficient to receive round 
it twelve strands of iron wire, each strand being composed of three galvanised 
iron wires, each of which being nearly a quarter oi an inch in diameter, the weight 
of the completed shore end was nearly 20 tons to the mile. Its diameter is 2^ inches, 
but at its junction with the main cable it is made to taper down to the sise of the 
latter by a gradual diminntion in diameter extending over 500 yards. This shore 
end was laid oat for ahoat 8S miles from the eoost of Vtlentii lalaad, when it 
reached water o^he depth of 100 fathoms. From Uote's Content, Newfoundland, 
about 8 miles cflire cable only would have been required. 

The weight ofuie deep-sea cable— according to the Company's statement— in air 
was .35 cwt 3 qrs. per nautical mile of 8,028 yards. Its weight in wate^, 1^4 cwt. 
tp each nautieiU mile, or equal to 1 1 times Hs weight in water per knot) that Is to 
say, it will bi>ar its own w^ht in 11 miles delp ef water. Its breaking stnon was 
7 tons IS owt. The length of cable afaij^edwat 8,300 nautical mileei the actual 
distance from the point of departure, Valwib os* the west of Ireland, to Idle point 
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Heart*! Oootent, m Triiuty Bay, Newfonadland, on whiob It tru to bare bom 
landed, being 1,670 nantical milei 

Aa erecj one knowi, tbia great experlineBt fbiled, the eablo breaking when the 
* Great Eastern * bad reached the mid-Atlantie Another eaperlmeBt ia about to be 
tried, the only difference in the new and the old cable being tnal the btnp ia nnpio< 
tected by any tar (June 16, 1666) 

The experiment here refened to haa been made, and the reanlt hM nrored In die 
highest degree aatisfaetory Not only haa the new cable been aecnrely lowered to 
its ocean bed in the depths of the Atlantio, hot the old cable haa been reootered, 
and we hare now two electrical nerres uniting the new with the old oontlnentB 
These electric cables hare now been fot some time in oonatant nee, and their 
powers of tranimitting electno eurrente appear to iniprove. The anoccsi which haa 
attended the laying of the Atlantie cables haa led to the aenoua oonaidenttioo of 
several other gigantio undertaklagi of a similar eharaoter 
ELECTRUlC or ELECTBON Amber was an called by the Oreeka, and from 
it we derive our daetncUy, The Romans used the term at Irat, for a compound of 
gold and ailrer, which was of the colour of ambort aabaeqnently it was applied to a 
definite mixture of gold and silver, used for coma 
Native alloys of gold and silver are now called electrums, when they eontain 
auHcient silver to make their colour lighter, and their speeifto gravity lem than that 
of gold. According to Klaforoth, electrum la gold 64, silver 36 Hausinsnn applies 
the term to native alloys that contain from SO to 50 per eent of silver 
A base metal in modem use has received the name of dectnim It is an alloy of 
copper, aloe, and tin, with sometimes nickeL 
ELEMENTS This name is now given to bodies which have not been reduced 
to any more simple form of matter than that in which we find them The 
elements of the anoiento, air, firtf earih and walsr, had qnite a different meaning 
from the elements of the modern cbemiMt, so had the sa/t, nilfthur and mercavy of the 
early alchemists In their philosophy those terms represented the ultimate foims 
into whuh matter could be resolved, or out of which all matter could be cnated 
The number of elements at present known Is 68 , two others, Dianium and Norium, 
are of very donhtfol character 

Lull of non-metallu: El ment» 


Hydrogen 

Hyinbol 

- - - - H 

Atomic Well 
1 

Oxygen 

. . . 0 

8 or IC 

Nitrogen - 

N 

14 

Carbon - 

c 

6 or 12 

Sulphur - 

B 

32 

Fhosphorub 

P 

31 

Chlonue - 

- - . - Cl 

85 5 

Fluorine - 

. - - - p 

19 

Iodine 

I 

127 

Bromine - 

Br 

80 

bclenium- 

be 

79 


For the metallic elements see Equivalenih, ChlxxcaL For a full examination 
of the laws regulating the chemical relations of these bodies, their atomic constitu- 
tion, &c see Watu’ ** Dictionary of Chemistry.** 

ELEMI This appears to be the resinous product of venous terebiothiDous 
trees The Edinbnigh Golle« states it to be a ** concrete resmous exudation from 
one or more nnascertaiiiGd plants ** And the I^n Jon Phormaoopmia deeonbes it 
as a concrete turpentine denved foam an unknown plant In the former edition ifmprw 
EUmtfira waa named aa the plant producing this resin This error was doe to 
LinnsBus, who ooufounded under one name two distinct plants The larger qnanti- 
tiea of ElmnI eome to us from the Dutch settlementa through Holland. It la im 
ported m ** tAf Mpi’* and in masses weighing from one to two pounds, each enveloped 
tnanalmleaf £mi is employed u making lacquer. SteVABNUii. 
EWHANTS* TUSKS. See Iyobt. 

ELEPHANTS* URINE The oelelmited Indian yellow or Ptarm is said to be 
u mixture of the earthy phosphate and nrea depoeited from this 
ELEUTRIATE (fibulirar, Fr. { aehkmmen, Germ ) W hen any insolnble powder 
•nob as chalk is diffhsed through a large body of water, and then allowed to subside 
slowly, of eourae the larger particles will by their gravity he the first to subside. If 
then the mpematant liquor la poured iB, or better, u drawn off by a aiphon, the finer 
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powte wttl be «ollected In tbe nest venrls end by icpeatlng this proeefi an im- 
palpable powd« may be obtained. Thia procem ia ealled ElmUttatum. 

&BVAT(IBB FOR MINES. Under this name Meesra. Alexander Albon and 
John Shaw hate leoeatly patented an artangenient for ** Raiabg water and miMimIs 
ftom eoUieriee and mine8» and for other pniposes.** There is much inaennity in the 
arraogementa pronoaed, which are in jwint of foot modiScationa of the syateins 
adopted by tbe Itaeumatio Diapateh Otmp»oj. The nrineiple involved will be 
auflfoieotly nnderelood thorn the iollowing description, iaxen from the specifloatlona 
of the patentees. A cylinder or tube is placed in the shaft which rises a few feet 
above the top of It, and reaches to a few feet below the bottom of tbe mine; this 
cylinder Is made of malleable or cast iron, or other suitable metal or material, and 
of a dianieter acoording to the weight of minerals, water, or other substanoes to 
be lifted. In this cylinder or tube a double-head^ piston works, and between 
the two heads of the piston a fixed or movable reeeiver, or barrel, or waggon is placed, 
which holds the mineral or water to be raised. 

An air pump worked by a steam-engine or water wheel, or other power, is need for 
forcing air down the shaft in a tube, which air passes into the cyiinder below the 
under piston hesd. Forcing only may be used, but exhauating and forcing may be 
used in conjunetion. When the load is put in at the bottom, a valve is opened so 
that the air is introduced under tbe piston, which with its load then rises to the top , 
OB arriving at the top the load is removed, and on an escape valve at bottom being 
ojpened, the piston descends, and tbe air which escapes ventilates the mine. This 
obyntor not only acts as an elevator and ventilator, but provides a safe and expe- 
(iijUotts mode of conveying workmen up and down the shaft. 

The other improved elevator may be described thus Air is forced by an air- 
pump, worked by steam or other power, down a tube into one or more cisterns m the 
bottom of the shaft, into which the water of the mine runs. The water is in this 
way forced up to the surface through another tube. Tbe cistern or oistems are 
fitted with self-acting valves which open and shut by means of a float. As the air 
eioapes firom the boftom this elevator acta as a ventilator as effectually aa the one 
previously described. See MaN-ENOiNK. 

ELlAuTB. An ore of Uranium. A mineral allied to pitchblende, but differing 
from it widely in its large proportion of water and lower specific i^avity (4*086 
to 4-837). 

It occurs with fliior, dolomite, quarts, &c., at tbe Elias mine, Joachimstal (whence 
its name), in large flattened pieces, sometimes half an inch thick, of a dull reddish- 
brown colour, approaching; to byacinth-red on the edges. 


It is subtranslucont, with a greasy subvitreous 
varying fVom wax-yellow to orange. Hardness bei 


ustre, and affords a doll streak, 


weeu calci 


ite and fluor spar. 


It is composed of Peroxide of Uranium - - . - 61-33 

„ Alumina - - - - - - I 17 

„ Peroxide of iron 6*63 

,, Protoxide of iron - - - - ro» 

„ Lime - - 3-09 

„ Magnesia 2 20 

„ Oxide of load 4-62 

„ Silica 5-13 

„ Carbonic add 2 52 

„ Phosphoric acid 0 84 

„ Water 10*68 

99*30 


Before the blowpipe it affords a reaction like pitchblende, decomposed by muriatic 
acid.— II. W. B. 

ELIXIR OF VITRIOL, aj^paration of sulphuric acid, with some aromatics. 

ELJll (C/i/muf, Orme, Fr. ; ^iie, Ger.) Of this European timber tree there are five 
species. The u/mus ampe 0 tru, the English Elm, is regarded in this country as 
one of tbe finest ^jjfiuropean deciduous trees for park scenery) it lives for upwards 
of 200 yean, IMfoS » remarkably straight tall trunk. The quality of timber 
depends a good deal on the soil in which it is grown, being always best on a dry, 
loamy soil, and plenty of air. The I7/mifs moataaa, tbe Mountain-Soots or Wyph 
F4m: the trunk is not so lofty nor the wood so heavy as tbe English Ebn; and 
though coane paiued, is very highly prii^ by shipbuilden and cartwri^i^ It 
possesses great longitudinal adhesion, and is consequently one of our sdflbit and 
Btraightest timbers. Those woods are not liable to split, and bear the driving of 
nails or bolts better than any other timber, and exceedingly durable whra con- 
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sUntly wet They tre thcreforo much mod for the keeli of feeseli, end for wet 
foaodAtiou, waterworke, pilei, poinpe, and boards for ooftM. On acooant of its 
tomhness^ is selected for the naiuBs of wheels, and for the MttWales of ships. 

ELVANS. Oranitie and felspathio porphyritic rockSi whioh are fireqaently found 
trarersing both the granite and slate rooks. 

** The EWans or veins of quartsiferom porphyry— that Is. a grannlar crystalline 
mixture of felspar and quaita which are common both in Cornwall and Devon, and 
near the granite of the oonth*east of Ireland— are probably in reality granite veiiia, 
or veins prooeding from a granitio mass.’*— Judes. 

When these proaile stius sreOf alarge rise they are ttrlned Ehan eeurssst Indeed 
this is the only distinotioB between these two form of elongated meesse of granitio 
rook. In composition these elvans are either shorl rock, oviAto, fblqpaille, or even 
varieties of dne-grained granite.*'— Deoes. 

EMAIL OMBBANT, a prooess whieh consists in flooding oolonrod bat transparent 
glases over designs stsna^in the body of earthenware or poroehUn. A plane eurfboe 
IS thm prodttoeA in Irkm the eavitles of the stamped design i»pear as shadows of 
various depths, the parts In highest relief coming nearest the surnee of the glaae, and 
thus having the effect of the Ujehts the pietnre. This process was introduced by 
the Baron A. De Tkemblay of RubeUes, near Melon. 

EMAUX GL01S0NM1&8. A prooess of enamelling metala The vases from 
China, probably some 500 or 600 jmn old, are enamelled by the trae chfleonnds process. 
The method employed in the East, including China, was to brue on to a plain 
surface of metal, the bars or Mm$ whieh were intended to hold the coloured paste 
which was to be vitrilied in the enamel furnace. In France those oloisons are now 
prodnoed by the eleotrotype process, and many beautiflal designs result from the 
faeiliues thm afforded of producing this beautUul mixture of metal and enamel— the 
* rmatue ehmmmii a ehamp Itvi.** 

EMBALMING. {Embaumment^ Fr.; EinhaUamirungt Germ.) An operation 
employed by the ancients to preserve human bodies from putrelhetion. From their 
using bakam in the process, the name was derived. See DisuirnoTiOM, PoTiui- 
rxcnoN. 

EMBOLITE. A chloro-bramide of silver found in Chill. It varies in colour 
from an asparagm green to an olive green, is perfectly malleable, and of resinom 
lustre. 

EMBOSSING. One of the plans introduced for embosbimo cloth by machinery 
which appears to be the most effective, it that of Mr. Thomas Greig, of Bose Bank, 
near Bury. This machine is thus constructed. 

Figa. 7 17, 7 1 6 represent three distinct printing cylinders of copper, or other suitable 
material a, b, o, with their necessary appendages for printing three different colours 
upon the fabric as it passes through the machine ; either of these cylinders a, b, or c, 
may be employed as an embossing c} Under, without performing the printing process, 
or may be made to effect both operations at the same time. 

The fbbrio or goods to be operated upCn being first wound tightly upon a roller, 
that roller is to be mounted upon an axle or pivot, bearing in arms or brackets at the 
back of the machine, as shown at d. From this roller the fabric a, a, a, a, is conducted 
between tension rails, and passed under the bed cylinder or paper bowl b, and from 
thence proceeds over a carrier roller v, and over steam bom not diown in the 
drawing, or it may be conducted into a hot room, for the purpose of drying the 
colours. 

The cylinders a, b, and c, having either engraved or raised surfkces, are connected 
to feeding rollers 5, 6, 5, revolving in the ink or coloured troughs e, c, c ; or endless 
felts, calkd sieves, may be employed, as in ordinary printing machines, for supplying 
the colour, when the device on the surfooe of the cylinders is raised} these cylinders 
may be frirnished with doctors or scrapers when required, or the same may be applied 
to endless felta 

The blocks have a^ustable screws g, g, for the purpose of bringing the cylinders 
up against the paper bowl with any renuired deme of pressure ; the cylinder b is 
supported by its gudgeons running in blocks, which blocks slide in the lower parts of 
the side frames and are connected to perpendicular rods i, having adjustable screw 
nuts. 

The l^er parts of these rods bear upon weighed levers k, A extending in front of 
the machine ; and by increasing the weights /, 4 any degree of upward pressure may 
be given to the cylinder b. 

ff^i’,lH>xes or troughs c, e, e, carrying the Ibeding rollers 5, 5, A 6ve fixed 
on bomrw whioh slide in grooves in the §\iie frames, and the roHera are adjnsted and 
brought Inio cokitact with the surfoce of the printing eyUndfiia by screwsi. 
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If » black Clotti ihottld ba raquired to be introduoed between the eylindricel bed or 
paper bowl B,iin ^c ikbrio aa tf» aa the oidinaiy Alt or blanket, it may, for printing 
and emboealnf ocitioii, aUk, 
or paper, be of linen or 
aottoo ; but if woollen 
gO<Mia are to be operated 
upon, a cap ofibit, or aome 
aueb material, moat be 
bound round the paper 
bowl, and the felt or 
blanket moat be uaed for 
the back oloth« which ia to 
bo conducted over tlie 
rollora b and i. 

For the purpoM of em- 
boaaing the fkbric, either 
of the roUera a, n, or c, 
may be employed, obaerv- 
ing that the aurface of the 
roller mnat be cut, eo aa to 
leave the pattern or device 
elevated for emboaaing 
velveta, plain clotha, and 
papero) but for woollena 
the device moat be exca- 
vated, that ia, cut in re- 718 

ceaa 

I'ho pattern of the em- 
boaaiog oj^linder will, by 
the operation, be partially 
marked through the fabric 
on to the aurface of the 
paper bowl fij to oblite- 
ram marka fbom 

the nMne of the bowl, aa 
it revolvua, the iron cylin- 
der roller o ia employed ; 
but aa in the emboasing of 
the tame patterna on paper, 
a counter roller ia required 
to produce the pattern ))er- 
fertly, the iron roller ia in 
that coae diapenaed witb. 
the impreaaion given to the 
]»a()er bowl being required 
to be retained on ita aurface until the operation is finibhed. 

In thia caae the relative circumferencca of the emboaaing cylinder, and of the paper 
bowl, moat be exactly proportioned to each other; that ia, the circumference of the 
bowl muat be equal, exactly, to a given number of eircumferencea of the emboaaing 
cylinder, very accurately meaaured in order to preserve a perfect register or coin- 
cidence, as they continue revolving between the pattern on the aurfii^ of the em- 
boaaing cylinder and that indented into the aoriMee of the paper bowl 

The axle of the paper bowl b, tome in bryinBt^ into slots in the aide ftnmea, and 
it may be raised by hand from ita bearingK UjkBn required, by a lever A, extending in 
front. This lever la afixed to the end cf agormital abaft L, L, crossing the maobine 
aeen in the figures, at the back of whl^ ihaft there are two segment levers p, P, to 
which bent q, q, are attached, having noolbi at their lower ends, paa^ under the 
axle of the bowj, At the reverse end of the shaft Zh a ratchet-wheel r, ia affixed, and 
a pall or oliciffi|panted on the aide of the ftrame t^ea into the teeth of the whe«d r, 
and thereby haraa up the paper bowl whan reouired. 

When the iron roller o, is to be brought into operation, the vertical screws 
mounted in the upper parts of the side flnmBes,Bre turned, in order to bring down thu 
‘ brassei m, which carry the axle of that rotbir nnd slide in dots in the dde munea. 

The cylinders A, B, and c, are repreaentsi, hollow, and may be kept at any desired 
temperature during the operation of prin^g, by introducing steam into tn^ ; and 
under the colour boxes c, c, c, hollow ehamhpls m also made ftir the same purpose 
The degree of temperature required to be givtD to these must depend upon the nstnrs 
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of the eolooriag materiel, end of the goods operated upon. For the purpose of con* 
duoting eteem to these hollow cylpiders aod colour boxes, pipes, es snown at o, r, c, 
are attaohed, which lead from a steam boiler. But when either of these eyliuders is 
employed for embossing alone, or fbr embossing and pnnting at the same time, and 
particularly for some kinds of goods where a higher temperauire may bo requir^, o 
red-hot heater is then introduced into the hollow cylinder in place of steam. 

If the cylinder a, is employed as the embossing oylioder, and it is not intended to 
print the fabric by that cylinder simaltoneously with the operation of eiiibo^ng, the 
feeding roller 6, most be removed, and also the colonr boa e, belonging to tliat oylin • 
dvr ; and the cv linden a and c are to bo employed for printing the fhbric, the one 
applying the colour bef<»re the embossing is ofTected, the otlier after it It is however 
to be remarked, that if a and c are to print colours on the fhbrsc, and » to emboss it, 
in that case it is preferred, where the pattern would allow it. a and c are wooden 
rollers having the pattern upon their surfaces, and not metal, as the embossuig e>hn- 
ders must of necesuty be. 

It will be perceived that this machine will print onui two, or three eolours at the 
same time, and that the operation of embossing may be performed simultaneously with 
the printing, by either of the cylinders a, b. or c, or Uie operation may be performed 
coiiiwcutively by the cylinders, either preceding or succeeding egoh other. 

The situations of the doctors, when required to be used for removing any super- 
fluous colour flrom the surfoce of the printing cylinder, arc shown at d, </, d; those 
for removing any lint which may attach itself, at e, c, e. 7*hey are kept in their 
bearings by weignted levers and screws, and receive a slight lateral movement to and 
fro, by means of the vertical rod m, which is connected at top to an ecceutric, on tho 
I nd or the asle of the roller s, and at its lower end to a horigoutal rod mounted at 
the side of the frame ; to this horizontal rod, arms are attached, which arc connected 
to the reepeaive doctors ; and thus by the rotation of the ecocnirie, the doctors are 
made to slide lateiilly. 

When the c>Utidcr8 a, b, or c, are employed foremboMlng only, those doctors will 
not be required. The driving power is communicated to the machine from any first 
mover through the agency of the toothed ^enr, which gives rotatory motion to tho 
cylinder b, and from thence to tho other cylinders a, and c, by toothed gear shown in 
A 717. 

EMBOSSING L£ .VTHER. Beautiful ornaments in basso-relievo for decorating tbo 
exteriors or interiors of buildings, medallions, picturc-ft’ames, cabinet work, &c., have 
licen recently made by the pressure of mctalUc blocks and dies by M. Claude Schroth. 
The dies are made of type metal, or of the fnsible alloy with bismuth, called d* Arcets. 
The leather is beaten soft in water, then wrung, pressed, rolled, and fulled as it were, 
by working it with the hands till it becomes thicker and quite supple. In this state 
it is laid on the mould, and forced into all its cavities by means of a wooden, bone, or 
copper tool. In other cases, the embobsing is performed by the foroe of a press. The 
leather, when it has become dry, is easily taken off the mould, however deeply it mi^ 
be inserted into its crevices by virtue of its elasticity. 

EMBOSSING WOOD. iBotsa^e, Ft.’, ErhahMAa, Arbeit, Qerm.) Raised figures 
upon wood, such as are employed in picture-fhimes, aod other articles of ornamental 
cabinet work, are usually produced by means of carving, or by costing the pattern in 
plaster of Paris, or other composition, and cementing, or otherwise fixing it on the 
surface of the wood. The former mode is expensive ; the latter is inapplicable on 
many occasions. The invention of Mr. Streaker may be used either by itself, or in aid 
of carving, and de^nds on the fact, that if a depression be made by a blunt instrument 
on the surface of the wood, such depressed part will again rise to its original level by 
subsequent immersion in the water. 

The wood to be ornamented having been first worked out to its premosed ehape, is in 
a state to receive the drawing of the pattern { this being put on a blunt steel tool, or 
* burnisher, or die, is to be applied successively to all tbOM parts of the pattern intended 
to be in relief, and, at the same time, is to be driven very cantionaly, without hr^ing 
the grain of the wood, till the depth of the depression is equal to the intended pro- 
minence of the figures. The ground is then to be reduced by planing or filing to the 
level of the depressed part ; after which, the piece of wood ^ing placed in water, 
either hot or cold, the previously depressed will rise to its fbrmer height, and vrill 
then farm an embossed pattern, which may be finished by the usual operatione of 
carving. See Cabtino bt Machimbbt. 

Another process which may be regarded either as carving or emboHing wood, ia 
that patent^ by Messrs. A. £ Braithwaito and Co. 

Oak, mahogany, rose-wood, horse^hestnut, or other wood, is steeped in water for 
about two hours s and the cast iron mould containing the device ia hmted to redneas, 
or sometimes to a white heat, and applied against the wood, either by a handle, is a 
branding iron, by a lever press, or by a screw-press, according to oircUmstances s the 
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moaldi m mads bj tbo iron^fbandar ftm plif&r cMta of tbo original modela or 
earring!. 

Had not the wood been latorated wHn wUtr, it wonld be inited, but until the 
montn^v ia evaporated, it U only charred j It gives off volume! of imoke, but no dame. 
After a short time the iron is returned to the furnace to be re-heated, the blackened 
wood is well rubbed with a hard brush to remove the elmreoal powder, which being 
a bad ooodttctor of heat, saves the wood ftrom material diseoloration ( and before the 
reapplieation of the heated iron, the wood is again soaked In water, but for a shorter 
time, aa it now absorbs moisture with more facility. 

The rotation of burning, brushing, and wetting is repeated ten or twenty times, or 
upwa^ until in fket the wood fills every cavity in the mould, the process being 
matoriallWnfluenoed by the character and condition of the wood itself, and the degrees 
to which jfrntt and moisture are applied. The water so far checks the destruction of 
tlio wocdf'tM' even its change of any kind, that the burned surface, simply cleaned by 
brushing, is often employed, as it may be left cither of a very pale or deep brown, 
according to the tone of colour reouired, so as to match old carvings of any age ; or 
a very little scraping removes the disoolourcd surfticc. Perforated carvings are 
burned upon thick blocks of wood, and cut off with the circular saw. 

KMHUOIDERING MACHINE. {Machine d broftert Fr. ; SteekmcuehinCt Germ.) 
This art has been fyom the earliest time! a handicraft employment, cultivated on 
account of its elegance by ladies of rank. But M. Heilman, of Molhousc, invented a 
mkchinc of a most ingenious kind, which enables a female to embroider any design 
with 80 or 140 needles as accurately and expeditiously as she formerly could do with 
Olio. A brief account of this remarkable invention will therefore be acceptable to 
many renders. It was first diiiplayed at the national exposition of the pr^ucts of 
industry in Paris ftw 1834. 130 needles were occupied in copying the same pattern 
with perfect regulonty, all set in motion by one person. 

tkweral of these machines are now mounted in France, Germany, and Switxcrland, 
and, with some modifications, in Manchester, Glasgow, and Paisley. 

The price of a machine having 130 needles, and of consequence 260 pinoers or 
fingers and thumbs to lay hold of them, is 5000 francs, or 200/. sterling; and it is 
estimated to do daily the work of 15 expert hand embroiderers, employed upon the 
ordinary ft'atnc. It requires merely the labour of one grown-up person, and two 
asHiKtnnt children. The operative muRi be well taught to use the machine, for he has 
many tilings to attend to : with the one hand he traces out, or rather follows the design 
with the ptiint of the pantograph; with the other he turns a handle to pltmt and pull 
all the needles, which are seized by pincers and moved along by carriages, approaching 
to and receding ft’om the web, rolling all the time along an iron railway ; lastly, by 
means of two pedals, upon which be presses alternately with the one foot and the 
other, he opens the ISO pincers of the first carriage, which ought to give up the needles 
after planting them in the stuff, and he shuts with the same pres'iure the 130 pincers 
of the second enrriagi*, which is to receive the needles, to draw them IVom the other 
side, and to bring them hack afpnn. The children have nothing else to do than to 
change the needles when all their threads are used, find to see that no needle misses 
its pincers. 

This machine may be described under four heads : 1. the structure of the frame ; 2. 
the disposition of the web ; 3. the arrangement of the carriages ; and 4. the construction 
of thejainoers. 

1. The ctructure of iko frame. — It is composed of cast-iron, and is very massive. 
Fig. 719 exhibits a mint elevation of it The length of the machine depends upon 
the numlier of pincers to be worked. The model at the exposition had 260 pincers, 
and was 2 metres and a half (about 100 inches or 8 feet four inches English) long. 
The figure here g|v8it has been shortened considerably, bat the other proportions are 
not disturbed. The breadth of the frame ought to be the same for every machine, 
whether it be long or short, for it is the breadth which determines the length of the 
thread to be put into the needles, and there is an advantage in giving it the full breadth 
of the modeypUbine^ fhlly 100 inches, so that the needles may carry a thread at least 
40 inches MT 

2. JJUpooiiwii qf tfie/Ncce fo hi esifiroidered.— We have already stated that the pincers 
which bold the needles always present themselves opposite to &e same point and that 
in consequence they would oontmually pass backwards and forwards through the same 
hole, if the piece was not dliplaoed with suIBcient precision to bring sneceisiTely op- 
posite the tips of the needlfis every point upon which they are to work a desigD, sow 
as a fiower. 

^ The piece is strained perpendienlarly upon a large reetangular frame» whose fimr 
rides are visible in fg. 719 ; namely, the two vertiou sides at f F, and the two horU 
sontal sides, the upper and lower at ^ w''. We see also in the figure two long wooden 
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rollera o rad o, wliofe endi, mountt^d with iron studi, tro aopported upon tbe fidei r 
of the firnpe, lo af turn to freely. These farm n ejetem of beams upon which the piece 


719 



destined to reoeire the embroidery, is wound and kept Tertieally stretohed to a proper 
degree, for each of these beams bears upon its end a small ratchet wheel o, p t the teeth 
of one of them being inclined in tbe opposite direction to those of the outer. Besides 
the system of lower beams, there is snotber of two upper beams, which is however but 
imperfrctly seen in the figure, on account of the interference of other parts in this view 
of tbe maraine. One <n these systems presents the web to the inferior needles, rad 
the other to the upper needles. As the two beams are not in the same vertical plane, 
the plane of the web would be presented obliquely to the needles were it not for a 
straight bar of iron, round whose ed^ the cloth passes, and whioh renders it 
verticaL The piece is kept in tension crosswise by snudl brass templets, to which the 
strings are attached, and by whioh it is pulled towards thesides of the frame v. It 
remians to show hv what ingenious meant this frame may he shifted in every posable 
direetkm. H Heilmran has em^oyed for fills purpose the pratograph which dnuid^ta- 
men use fat reducing or enlarging their vim in terminate proportlmis. 
b if f* V* ifig* 719) represent a parallelogram, of whioh the four angles 6, b',f$ 
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5*' art Joinind in raoh a way that th«y may become' very acute or Tery obtuae at plea- 
rare, while the cidea of coume coutliinc of the aame Icn^h ; the aidea A A* and A A'' are 
prolooyt'd, the one to the point J, and the other to the point e, and tbeae poinu c and 
a are clionen under the condition that in one of the poaitiona of the parallelogram, the 
line r H which Joini them pnaeea through the point/; thia condition may be fultilled 
iij an infinite number of mannera, aince the jioaition of the parallelogram remaining 
the aame, we aee that if we wiahed to abift the point d further from the point A\ it 
would be aufficient to bring the point c near enough to or vice versAt but when we 
have once fixed upon the diatance it ia evident that the diatanee A^^e ta ita ncccb- 
aary conaequenee. Now the principle upon which the conatruction of the pantograph 
reata ia thia; it ia luffleient that the three pointa H,f, and c be in a atraight line, in 
one only of the |K>sitiona of the parallelogram, in order that they ahall remain alwa>H 
ill a atraight line in every poaition which can poaaibly be given to it 

We act* in the figure that the aide A c haa a handle nf* with which the workman 
piita the machine in action. To obtain more prcciaion and aolidity in work, the aidea 
of the pantograph are joined, ao that the middle of their tbickneas lies exactly in the 
vertical plane of Uie piece of gooda, and that the axca of the joints are truly piTpendi- 
eular to thia plane, in which consequently all the diaplacementa are cftcctcd. Wc 
arrive at this result by making fast to the superior great cross bar n'* au elbow piece 
having a suitable projectiou, and to which ia adapted in ita turn the piece rf, which 
receives in a socket the extremity of the aide A d\ thia piece d ia made fast to d!* hy 
a bolt, but it carries an oblong hole, and before screwing up the nut, we make the 
piece advance or n»cede, till the fUlcruni point comes exactly into the plane of the 
web. This condition being fulfilled, we have merely to attach the frame to the angle 
/of the parallelogram, which ia done by means of the piece v". 

It IS now obvious that if the embroiderer takes the handle b" in hia hand and makes 
the pantograph move in any direction whatever, the point / will describe a figure 
aimilar to the figure deacribed by the point c, and six times smaller, but the pfxnt/ 
cannot move without the frame, and whatever is upon it moving alao. Thus in the 
movement of the pantograph, every point of the web describes a figure equal to that 
deacrilicd by the ^int/ and consequently similar to that deacribed by the point c, but 
six iiuu amaikr ; the embroidered object being produced upon the cloth in the position 
of that of the patu*rn. It is sufficient therefore to give the cmbioidering operative who 
holds the handle a design aix times greater than that to be executed by the machine, 
and to iifi'ord him at the same time a sure and easy mcana of tracing over with the 
point c, all the outlines of tlM< pattern. For thia puriiose he adupta to c, pev|inidiculurly 
to the plane of the parallelograin, a small style toriniiiated by a point and he fixes 
the pattern iqion a vertical tablet e, parallel to the plane of the stiiif and the parallelo- 
gram, and distant firom it only by the length of the style e ; this tablet is carried by 
the iron rod s', which is aecuriHl to a cast iron foot e\ serving also for other purposes, 
as we shall proaently see. The frame loaded with its beams and ita cloth forms a 
pretty heavy iiiuas. and as it must not swerve ftom ita plane, it needs to be lightened, 
in order that the operative may cause the {mint of the pantograph to pass along the 
tablet without straining or uncertaiiify in its movements. M. Heilmann has accom- 
plished these objects in the following way. A co^ e attached to the side 6 c of the 
pantograph passes over a return pulley, and carries at its extremity a weight which 
may be graduated at pleasure ; this weight equipoises the panto^ph, and tends 
slightly to raise the frame. The lower side of the fhiine carries two rods h and u, 
each attached by two arms A A, a little bent to the left t both of these are engaged m 
the grooves of a pulley. Through this mechanism a pressure can be exercised upon 
the fVame from below upwards which may be regulated at pleasure, and without pre- 
venting the fVaine from moving in all directions, it hinders it ftom deviating ftom the 
primitive plane to which the panto«a|di was adijusted. The length of the rods h 
ought to be equal to the amount of ttM lateral movement of the frame. Two guides 
1 1 , carried by two legs of cast iron, present vertical slits in which the lower part of the 
ftwme r' is engaged. 

8. th$ earrkyu , — The twooarrisges, which are similar, are placed the 

one to the rig|||band the other to^ the left of the ftnme. The carriage itself is com* 
poeed merely ora long hoUow cylinder of oast iron Ldnarrying at either end a system 
of two grooved oaston or pulleys h% which roll npon the horizontal rails k ; the pulleys 
, are mounted upon a fbrkra piece /, with two ends to receive the axes of the pulleys, 
and the piece P is itself holtM to a prqjeotiDg oar / oast upon the cylinder. 

This assemblage consulates, pro^rly spiiaking, the carriage, resting in a perfectly 
stable equilibrium upon the rails X, upon which it may be most emj moved back- 
wards and forwards, carrying iti tiain of needles to be pimnd or drawn through the 
cloth. 

M. Heilmann has contrived a mechanism by which the operative^ without budging 



EMBROIDERING MACHINE. I9t 

Arm hit place, mar condact the carriages, and regulate as be pleases the extent of 
their course, m well as the rapidity of their moveiuenta. By turning the axes x" in 
the one direction or the other, the dkrriago may be made to approach to, or reoe^ 
from, the web. 

When one of the carriages has advanced to prick the needles into Uie staff, the other 
is tlierc to receive them ; it lays hold of them with its pincers, puUs them through, 
performs its course by withdrawing to stretch the thread, and close the stitch, then it 
goes bark with the needles to make its pricks in ridurn. During these movements, 
the first carriage remains at its post waiting the retuni of the aecond. Tims the two 
chariots make in Bucocaaion an advance and a retnm, but they never move iogetlier. 

To effect these movements M. Ileilmann has attached to the piece o' made fast to 
the two uprights a o and a i* of the frame, a bent lever non' movable round tho 
point 0 ; the bend n' carries a toothed wheel o', and the extremity n" a toothed wheel 
o" ; the four wheels m, m', o', and o'', have the same number of teeth and the same 
diameter ; the two wheels o' and o" are fixed in retoUBce to each other, so that it is 
sutneient to turn the handle n to make the wheel o" revolve, and consequently the 
wheel when the lever n o is vertical, the wheel o' touelies neither Che wheel si nor 
the wheel w’ ; but if it be inclined to the one side or the other, it brings the wheel o' 
alternately into gear with the wheel if or the wheel n'. Aa the operative has liis too 
bauds occupied, the one with the pantograph, and the other with the handle of inipitl- 
sion, he has merely hie feet for acting upon the lever n o, and aa ha haa many otlier 
things to du, M. Heilmnnn has adapt^ before him a system of two pedals, by which 
he executes with his feet a series of operations no less delicate than those which he 
executes with his banda 

The pedals p arc movable round the axis p, and carry cords p wound in an opposite 
dirertion upon the pulleys v \ these pulleys arc fixed upon a movable shaft r" sup- 
]»<iried upon one side b} the prop k', and on the other in a piece x' attached to the two 
great uprights of the frame. In depressing the |>edal ^(now raised in the figure), the 
upper part of the shaft p" will turn from the left to the right, and the lever n o will 
become inclined so os to carry tlie wheel o' upon the wheel m', but at the same time 
the pedal which is now depri'ssed will he raised, because its cord will be forced to 
wind Itself upon its pulley, as much as the other cord has unwound itself; and thus 
the apfiamtus will be ready to act in the opposite direction when wanted. 

4, Diuptiviim of the pincern — The shaft l' carries, at regular intervals of a senil- 
diaineter, the appendages 7 7 cast upon it, upon which are fixed, by two bolts, the 
curved branches q destined to bear the whole mechanism of the pincers. When the 
pincers are opened by their appropriate leverage, and the half of the needle, which is 
pointed at each end, with the eye in the middle, enters the opening of its plate, it gets 
lodged in an angular groove, which is loss deep than the needle is thick, so that when 
the pincers are closed, the upper jaw prc&aes it into the groove. In this way the needle 
is firmly held, although touched in only three points of its circumference. 

Suppose now, that all the pincers are moauted and n4}u8ted at their proper distances 
ufxm their prismatic bar, forming the upper range of the right carriage. For opening 
all the pincers there is a long plate of irou, u, capable of turning upon its axis, and 
which extends from the one end of the carriage to the other. This axis is carried by a 
kind of forks which are bolted to the extremity of the branches q. By turning that 
axis the workman can open the pincers at pleasure, and they are a^in closed by 
springs. This movement is performed by his feet acting upon the pedals. 

The threads get stretched in proportion as the carriage is run out, bat os this tension 
has no elastic play, inconveniences might ensue, which arc prevented by adapjting to 
the carriage a mechanism by means of which all the threads are pressed at the same 
time by a weight susceptible of graduation. A little beneath the priimatic bar, which 
carries the pincers, we see In the figure a shaft T, going from one end of the carriage 
to the other, and even a little beyond it ; this shaft is carried by pieces y which are 
fixed to the arms q, and in which it can turn. At its left end it carries two small bars 
y* and w', and at its right a single bary, and a counterweight (not visible in this view); 
the ends of the two bars f are joined by an iron wire, somewhat stout ud perfectly 
straight. When the carriage approaches the web, and before the iron wire can touch 
it, the little bar » presses against a pin in', which rests upon it, and tends to raise it 
more and more. In what has preceded we have kept in view only the upper range 
of pincers and needles, but there is an inferior range quite similar, as the figure shows, 
at the lower ends of the arms q. In conclusion, it should be stat^, that the operative 
does not follow didingly with the pantograph the trace of the design which is upon 
the tablet or the picture, but be roust stop the point of the style upra fhe point of the 
pattern into which the needle should enter, then remove it, aiid put it down again upon 
the point by which the needle oimbt to re-enter in coming from the other aide of the 
piece, and so on in succession. To frcilitate this kind of reading ofl^ the pattern upoa 
the tablet is compoaed of right lines terminated by the ptfinta m fhe entrance and 
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ralani of tlw iitodlo* lo that tho 0 |ienitiTe (uraallj a child) haa cont'innally under tier 
eyrt tK« aerioi of broken linee which muat be followed by the pantograph. If she 
luttpc^ns to quit this path an instant, without liaTing left a mark of the point at which 
mS had ariived. she is under the necessity of looking at the piec« to see what has been 
already enihroldercd, and to find by this comparison the point at which she must 
resume her work, so as not to leave a blank, or to repeat the same stitch. 

ErpUmatum of Fiyure. 

A, lower cross bars, which unite the legs of the two ends of the frame. 

а, the six feet of the front end of the frame. 

<i', the six feet of the posterior end of the frame. 
a'\ curved pieces which unite the cross burs a!' to the uprights, 
handle of the pantograph. 

б, h\ 6'^ three anglca of the pantograph. 

r, point of the side hb* on which the ])oint is fixcMl. 
point of the pantograph. 

cross bar in form of a gutter, which unites the upper ports of the frame, 
ri, fixed point, round which the pantograph turns. 

1 ., tublet upon which tho pattern to be embroidered is put 
k', support of thot tiihiet. 

f, cord attuciu'd at one end to the side A c of the pantograph passing over a guide 
pulley, and curr}ing a weight at the other end. 
c', iron rod by which the tablet k is joiiunl to its support 
p, p, uprigiits of the cloth-carrying fronne. 
f', f', liorisontui sides of the same frame. 

< 1 , four roll beams, 
the pi**ce of cloth. 

the strings, which serve to stretch the cloth laterally. 

'rhis machine has not been applied for embroidering nets or muslins, as these fabrics 
are not sufficiently close to hold the needles ; it has been hitherto used for embroidering 
cloth for vcits and other purposes, and silk for ladies' dresses. We learn, however, 
that Nome very satisfactory eximriinents have been made by the Messrs. Houldsworth 
of Manchester, which promise shortly to lead to the successful application of these 
luachines to the finer dosonptloti of fabnes. 

M M K II A 1 . 1 ). ( Enu rit i/dc, Fr. ; Smaragd, Oer.) A precious stone of a pure green 
colour, ranking in value next to the oriental ruby and sapphire. Although lusocptible 
of a fine |H>linh, its haidiiess is considerably inferior to that of most other gCflM, being 
indeed hut little higher than that of quartx, which it scratches, therefore, only with 
ditfieulty. Its speeitic gravity is also remarkably low, not exceeding 273. Thu 
iiiiiicral usually occurs crystallised in regular six-sided prisms, more or less modified 
on the edpis and angles, and oflering a tolerably easy cleavage parallel to the basal 
plane. Ilented before the blowpipe it loses its transparency, and at a higher tem- 
perature fuses to a vesicular gliss ; whilst with borax it forms a transparent bead of 
a fine green colour. It is quite unafifected by acids. 

'I'lic chemical composition of the emerald, and its relation to the beryl and aqua- 
marine, were first determined, in 1797, by Vauquelin, whose analyses showed it 
to be a hilivate of alumina, combined with a silicate of a peculiar eanh, called 
glucinu or berylliu. Tho most recent analyses of the typical emerald from Muzo, 
arc thoBu by M. Lewy, of which the following is the mean : 


Silica 67-9 

Alumina 17‘9 

Olucina 12*4 

Magnesia 0*9 

Soda 07 


In the above analysis, slight traces of sesquioxide of chromium are reckoned with 
the magnesia, but, ocooiding to Vauquelin's experiments, the amount of chromic 
oxide may rise asjiigh as 3*5 per cent. - • 

Since this oxifljb well known to commnnioate a fine green tint to glass, the colour 
of the emerald waTnaturally referred to ita presence -, but this opinion has been con- 
tradicted by M. I^ewy, who maintains that the extremely minute trace of diromio 
oxide which he obtained would be utterly inadequate to produce the intense emerald 
colour ; and, moreover, his researches have ihown that the gem entirely loses its 
colour at a dull red heat, whilst those minerals that are truly coloured by chromiom 
are uuaffected in this respect 'by temperature, lu his experiments the loss on ignition 
amounted to nearly 2 per cent, of which 0^12 consisted of a hydrocarbon, derived 
probably from the associated organie remafau i and since the amount of Uik hydro- 
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carhoD was found to be greatest in tboae gems tbat poesesa the deepeft eolonr, I^efwy 
was induced to regard this organic eompound as the true colouring a|^t in the gemt 
couiponrigoit to the chlorophyJJe, or green eolouriag matter of plaals, a eompound 
well known to possess intebse tinctorial power. 

Soon after its announcement, this opinion was oalled in question by the expert* 
menu of Hofhieister on the Salxburg emerald t and it has lately been further con- 
troverted by the researches of Wohler and Gustav Eose on the mineral fW>m Muso. 
The latter chemists have shown not only that the colour of tlie emerald is nuaflircted 
by ignition, but also that the amount of ohromie oxide present in a given emerald 
is quite competent to impai t an intense green colour to a quantity of glass equal to 
that of the mineral fVom which the oxide was derived. 

Among the ancients the emerald was very highly esteetneil, being ranked by Pliny 
next to the diamond and pearl. During the middle ages it maintained a very high 
position, but on the disooveiy of the Peruvian mines, in the middle of the sixteenth 
century, it suffered a sudden reduction in value, from which it has never eatirely 
recovered. A stone of 4 grains weight is said to be worth from 41. to ; one of 
8 grains, lOf. ; one of 15 grains, being fine, is worth 60f. ; one of 84 grains fetched, 
at the sale of M. de Dree's cabinet, 8400 francs, or nearly 1005 

From tlie descriptions of the smaragdoa, or emerald of the ancients, it is evident 
that they confounded under this name a number of green minerals differing widely 
from each other in general ebaraoters i such for example, as malachite, chrysoprase, 
green fluor-spar, amason-atone, and even green glass. The true enteraldi of the 
ancienU were probably in great part derived from Mount Zabara, in Upper F4gypt, 
where the old workings were discovered some years back by the Freneh traveller, 
M railload, and were re-opened by Mohammed All ; but the emeralds obtained 
bi mg only of poor quality, the operations were soon suspended. 

For many yean past, the emeiidd has been obtained almost exclusively from the 
famous mine of Muao, a large open excavation on the eastern cordillera of the Andes, 
75 miles N.N.W. of Santa-F5-de‘Bogotd. It there occurs, associated with crystals 
of iron pyrites and the rare mineral parasite, in veins of calcareous spar traversing a 
black bituminous Hinestone, ooataiuing ammonites and other fossils, apparently of 
lower eretaceous age. When first removed from the rock, the emeralds are ex- 
cessively fragile t and numbers of them crack spontaneously, in spite of careful pro- 
t<*ction from the sun. The emerald is indeed so rarely free from flaws that they arc 
often imitated in fictitious gems. A fine crystal from Muzo, two inches long, is in the 
cabinet of the Duke of DesoushiFe ; it measures across its three diameters 2^ in., 
2,' in., 1{ in., and weighs 8 oz. 18 dwts owing to flaws, it is hut partially fit for 
jewellery. A more splendid specimen weighing hut 6 oz. is in the possession of 
Mr. Hope ; it cost 5005 Emeralds of less brauty, but much larger, occur in Siberia 
One specimen in the royal collection measures 14} inches long and 12 broad, and 
weighs 1 Gj lbs. troy ; another is 7 inches long and 4 inches broad, and weighs 6 Ihs. 
troy. — The Siberian emerald occurs near Ekaterinburg, embedded in mica-slate. A 
similar rock forms the matrix of the Salzburg emerald. From this locality some 
interesting specimens were exhibited in the Austrian department of the International 
Exhibition of 1862. These were stated to bo found in a steep cliff, at an altitude 
of 8,700 feet. Masses of rock containing emeralds having fallen into the neigh- 
bouring valley, this locality was discovered, and it is now worked by the possessor, 
S. Goldschmidt of Vienna. 

The oriintal emerald is an Indian stone entirely distinct from that described above, 
being a green transparent variety of corundum, differing therefore from the sapphire 
and ruby only in colour. From its extreme rarity, and its great hardness, the 
oriental stone is very highly prized, althongh far inferior in point of colour to the 
common emerald. 

EMERY (Emeri, Fr. ; Srhmrrgel, Ger.). This mineral was long regarded as an ore 
of iron t and was ealled by Uauy, fer oxide quartzifere. It is, however, a massive 
granular, or compact variety of corundum, more or less impure. It is very abuodant 
in the island of Naxos, at Cape £mrrt, whence its name. From this place it is 
imported in large quantities. It it said to be found in Jersey ; it occurs, though rare, 
in Spain, Poland, Saxony, Sweden, Persia, and a few other places. Its colour varies 
from red brown to dark brown ; its specific gravity is about 4'000 ; it is so hard as 
to scratch quarts and many precious stones. 

We have recent accounts of emery discoveries in Minnesota, but nearly all that is 
used at present in the arts comes frem Turkey, near ancient Smyrna. Dr. Lawrence 
Smith, tile American geologist, made a discovery of a deposit of emery while residing 
in Smyrna, and he made an examination of the locality in 1847. Xfr, Smith having 
report^ bis discoveries to the Tnikish government, a commission of inquiry was 
institnted, and the business loon assnmed a mercantile form. The monopoly of the 
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•nAgl TurlMiy wm iold to o noroantile horn in Smyrna, and since then the 
Hfce TiyidiMtotoiied in the market. 

Mioitrlng aualyiei are quoted by Dana ftvm an elaborate paper by J. Law- 
renee Smith, In the wdmcrieaa Journal of ^cieare. 
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The mining of the emory is of the simplest character. The natural decomposition 
of the rock in which it ocenrs facilij^tcs its extraction. The rock decomposes iuto an 
earth, in which the emery is found imbedded. The quantity procured under these cir> 
rumstanccs is so great that it is rarely necessary to explore the rt>ek. The earth in the 
iieighhourhood of the block is almost always of a red colour, and serves as an indication 
tr> those who arc in search of the mineral. Sometimes, before beginning to excavate, 
the spots are sounded by an iron rod with a steel poin^ and when any resistance is 
met with, the rod is rubbed in contact with the resisting body, and the effect pro- 
duced on the point enables a practised eye to decide whether it has been done by 
emery or not. 1'he blocks which are of a convenient siac are transported in their 
natural state, hut they are frequently broken by large hammers ; when they resist the 
action of the hammer, they are subjected to the action of fire for several hours, and on 
cooling they most commonly } leld to blows. It sometimes happens that large maases 
are abandoned, from the impossibility of bi*eaking them into pieces of a convenient 
size, as the transportation, either on camels or horses, requires that the pieces shall 
not exceed 100 lbs each in weight. 

When reduced to a powder, emery varies id colour from dark greyjp Jblaek. The 
colour of its powder affords no indication of its commercial value. Uae pow der ex * 
ainined under the microscope shows the distinct existence of two minerals, coriiiidnm 
and oxide of inm. Kiiiery, when moistened, always a^rds i v^ry strong argillaceouH 
odour. Its hardness is its most important property in 'its application to the arts, and 
was ascertained by Mr. Smith in the following manner: — Fragments were broken 
from the piece to be examined, and ernsbed in a diamond mortar with two or three 
blows of a hammer, then thrown into a sieve with 400 holes to the inch. The powder 
is then weighed, and the hardness tested with a circular piece of glass, about four 
inches in diaineUT, and a small agate mortar. The glass is first weighed, and placed 
on a piece of glazed paper ; the pulvenaed emery is then thrown upon it at intervals, 
rubbing it against the glass with tl^f bottom of the agate mortar. The emery is 
brushed off the glass fWmi tioM to tims with a feather, .and when all the emery has 
been made to pass once over the glut, it is collected, and passed through the same 
operation three or four timea. ^ The glass is then weighed, again subjected to tlio 
same operation, the ornery by this time being reduced to an impaljiable powder. This 
series of operatic is continued uutill the loss sustained by tbe glass is exceedingly 
small. The to^jloss in ihe glass is then noted, and when all the specimens of emery 
are submitted tothis operadoB under the same circumstances, an exact idea of tbeir 
relative hardness is obtained. The advantages of using glass and agate are, that the 
latter is sufficiently hard to emsh the emery, and in a certain space of time to reduce 
it to such an impalpable state, that it has no longer any sensible effect on the glass ; 
and, ou the other hand, the glass is soft enough to lose during this time sufficient of 
its substance to allow of ad^rate comparative results. By this method, the best 
emery was. found capalAe of wearing away about half of its weight of common French 
window*glas8. 
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In the ordinary process, the lamps of emery ore are broken up in the aane ttiattpet 
as atone is for rerairing macadamised roads, and into lumps of similar sise. These 
lumps then crushed undi*r stam'pers, such as arc used for pounding metalllo ores, 
driven by vnter or by steam power. It is supimsed that the stampers leave the Oag* 
mcnts more angular than they would be if they were ground under runners, a mode 
which is sometimes employed. The coarse powder is then sifted through sieves o^ 
wire cloth, which are generally cylindrical, like the bolting cylinders of oom*milU| 
but the sieves are covered with wire cloth, which vary ftrora ninety to sixteen 
wires to the inch. No. 16 sieve gives emery of about the sise of mnstani*aeed ; and 
coarser fragments, extending nearly to the aiae of i>epper>conis, are also occasionally 

ra red for the use of engineers. The sieves have sometimes as many aa 120 wires 
> inch ; but the very tine siaes of emery are most commonly sifted through lawn 
biovcB. Th * fitie^t emery that is obtained from the manufacturers is that which floats 
in tlic atmosphere of the stsmping«room, and is deposited on the beams and shelves, 
from which it if occasionally collected. The mannnicCurers rarely or never wash the 
emery ( this is mostlv done by the glosa-workera, and anoh others as require a greateff 
degree of precision than can be obtained by sifting. 

The following table shows the number of wires usually eontained in the sieves, and 
the names of the kinda respectively produced by themi— 


Wlr«. 

Cora emery - - le 

Coarse grinding emery - -- ••---24 

Grinding emery - -- -*--..3$ 

Fine gnndiog emery •-••-•..46 
Siiponinp grinding mery ---•>-...63 
Coarse flour emery -------.-•60 

Flour emery - .70 

Fine flour emery - -•-••-*.80 

Superfine flour emery - -•-*...90 


Washing emery by hand is far too tedious for those who require very large quanti- 
ties of emery, such as the manutactiirers of plate plsM and some others, who generally 
adopt the following method Twelve or more cylinders of sheet copper, of the common 
height of about two feet, and varying from about three, five, eight, to thirty or forty 
inches in diameter, are placed exactly level, and communicating at their upper edges, 
each to the next, by small troughs orchauncls; the largest vessel has also a wuste-pipe 
near the tup. At the commencement of the process, the cylinders arc all filled to the 
brim with clean water ; the pulverised emery is then churned up with abundance of 
water in another vessel, and allowed to run into the smallest or the three-inch cylinder, 
through a tube opposite the gutter leading to the second cylinder. The water during 
its short passage across the three-inch cylinder, deposits in that yessel such of the 
coarsest emery as will not bear suspension for that limited time ; the particles next 
finer are deposited m the five-inch cylmdf% during the somewhat longer time the 
mixed stream takes in posing the brim of that vessel ; and so on. Eventually the 
water forms a very languid cmly in the largest cylinder, and deposits therein the very 
fine particles that have remained in suspension until this period ; and the water, 
lastly, escapes by the waste-pipe nearly or entirely free from emerr. In this simple 
arrangement, time is also the measure of the particles respectively deposited in the 
manufacture to which the emery is applied. When the vessels are to a certain degree 
filled with emery, the process is stoppeih the vessels are emptied, the emery is care- 
fully dried and laid by, and the prooeis is recommenced. 

lloltsapffel informs us that he has been in the habit, for many years, of enoploying 
emery of twelve degrees of flurncss, prepared by himself by washing over. 

For optical purposes, Mr. Hoss mixes four pounds of the flour of emery of oom- 
mcroe, with one ounce of powdered gum-arabic, and then throws the powder into two 
gallons of clear water ; and ho collects the deposit at the end of lO'' and and 2 ' 
l(y 20' and 60', and that which is not deposited by one hour’s suhtideiiee is thrown 
away as useless for grinding lenses. 

Kmery paper is prepared by brushing the paper over with thin glne, and dusting the 
omery-powder over it from a sieve. There are about six degrees of coaneneM. 
Sieves with thirty and ninety meshes per linear inch, are in general the coarsest and 
finest sixes employed. When used by artisans, the emery-paper is commonly wrapped 
round a file or a slip of wood, and applied just like a file, with or widiOut oil, accord- 
ing to oircumstances. The emery-paper cuts more smoothly with oU, hnt leaves the 
work dull. 
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BnMry eloUi only Utflcin from omery-paper in t|ie qm of thin eotUm cloth instead of 
pniier, a« the inMcrial upon which the emery ta fixed by mcanc of glue. The emery 
moth, when ibided around a file, dooa not ply so readily to it as emery-paper, and is 
apt to unroll. Hence smiths, engineers, and others, prner emery-paper and emery- 
Bticks t but for household and other purposes, where the hand alone is used, the 
greater durability of the cloth is advantageous. 

ICniery -sticks arc rods ctf board about eight or twelre inches long, planed np square | 
or with one side rounded like a half round file. Nails are driven into each end of the 
stick as temporary handles ; they are then brushed over one at a time with thin 
glue, and dabbed stall imrts in a heap of emery powder, and knocked on one end to 
altskc off the exoesi. Two coats of glue and emery are generally naed. The emery- 
sticks are much more economical than emery-paper wrapped on a file, which is liable 
to be torn. 

Kmery-cake consists of emery mixed with a little beeswax, so as to constitute a 
solid lump, with which to dress the edges of buff and glasc wheels. The ingredients 
hliould be thoroughly incorporated by stirring the mixture whilst fluid, after whioh it 
is frequently poured into water, and thoroughly kneaded with the hands, and rolled 
into lumps before it has time to cool. The emery -cake is sometimes applied to the 
wheels whilst they are revolving! but the more niiial coarse is, to stop the wheel 
1111(1 rub in the emery cake by hand. It is afterwards smoothed down by the 
thumb. 

Kiiicry -paper, or patent rasor* strop paper, an article in which fine emery and glass 
are mixed with paper pulp, and made into sheets as in making ordinary paper ; the 
ornery and glass are said to constitute together CO percent of the weight of the paper, 
whicu reaembles drawing-paper, except that it has a delicate fkwn colour. The emery- 
fwper is directed to be pasted or glued upon a piece of wood, and when rubbed with a 
little oil, to Ik* used as a razor-strop. 

In 1842 , Mr. Henry Barclay took ont a patent for a method of combining 
powdered emery into dtsc$ and laps of different kinds, suitable to grinding, cutting, 
and polishing glass, enamels, metals, and other hard substances. The process of 
manufacture is ns follows:— Coarse emery -powder is mixed with about half its 
weight of pulverised Stourbridge loam and a little water or other liquid, to make a 
thicK paste ; this is pressed Into a metallic mould by means of a screw-press, and after 
having been tlioroiiglily dried, is baked or burned in a niuifle or close receiver at a 
temperature considerably above a red heat and below the full white heat. In this 
case, the clay or alumina serves as u bond, and unites the particles very completely 
into a solid artificiHl emery* stone, which cuts very greed dy, and yet seeiiu- liandly to 
suffer perceptible wear. 

Superfine grinding emery is formed into wheels exactly in the same manner as the 
above, but the proportion of loam is then only one-fourth Insteiid of oue-lialf that of the 
enter). Those emery stones, which are of medium fineness, cut less quickl), but 
more smoothly than the above. 

Flour-liner), when manufactured into artificial polishing stones, requires no uniting 
suhsiance, the moistened powder is forced into the metal mould and fired ; some 
portions of the alumina being sufficient to unite the whole. These fine wheels render 
the works submitted to thwi exceedingly smooth, but thd^ do not produce a high 
polish oil account of the comparative coarseness of tliu flour-emery. 

The alumina of emery ia believed to be aggregated to the same degree of hardness 
ns in corundum or adamantine spar ; which is one of the hardest minerals known. 
Ktiiery is extensively cmpl^cd for grinding metals, glass, fte.; for which purpose it 
is reduced to powders of different degrees of fineness by grinding and eleutriation. 

An extensive deposit of emery, said to be equal in quality to the best varieties 
from Naxos, has recently been discovered in Chester, Hampden Go., Massachusetts, 
by Dr. C. T. Jackson, of Boston. I'he mineral, which for some time had been mis- 
taken for magnetic iron-ore, occurs in a series of talcose, hornblende, and mica-slatc 
rooks, associated with margarito and ehloritoid, two micaceous minerals characteristic 
of emery local! ties, and the presence of which led Dr. Jackson to the discoyery. 

Under the name metalline,’* Messrs. Bond, Bussell, and Fisher, of Newport, 
Monmouthshire J|a^atel7 patented a preparation of hlast-furnaoe slag, whioh they 
propose to introaaou|a a substitute for emery. 

KMERALD COPPER. J>ioptase, Silicate of copper. 

EMERALD GREEN. Seheeleli arsenical green («ee Copper). 

‘EMERALD NICKEL. A native hydrooarbonate of nickel. 

EMBRALDINE. Set ANnJNK Grekx. 

EMPYREtIMA. The smell produced by fire applied to organic matters, dhlsfly 
vegetable, in close vessels. Thus, empyreumatio vinegar is obtained by distUliag 
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wood at ft rod heat, and empyrramatie oil iVom many animal mhetaneea in the 
lame wiv. 

KMULSIN. The regetable albumen of the almond. See Watti* ** Chemical 
DictionaiiT.'* 

ENAMELS (Emaudr, Fr. ; SehmeityfaM, Germ.) are rariotiei of glam, generally 
opaque or colonred, always formed by the combination of diflerent metallic oxides, 
to which certain fixed fusible salts are added, such as the borates, fluates, and phos- 
phates. 

The simplest enamel, and the one which serres as a basis to most «C the others, is 
obtained by calcining first of all a mixture of lead and tin, in proportions Tiiying 
from Id to 50 parts of tin for 100 of lead. The middle term appears to be tl^ most 
suitable for the greaUT number of enamels ; and this allo} has such an affinity for 
oxygen, that it may be calcined with the greatest ease in a flat cast-iron pot, and at a 
teiiipcrature not aboTe a cherry red, provided the dose of tin is not too great. The 
oxide is drawn off to the sides uf the melted metah according ss it is generated, new 
liieces of the alloy being thrown in from time to time, till enough of ihe powder be 
obtained. Great care ought to be taken that no metalUe partidei be left in the oxide, 
and that the calcining heat be as low as is barely sufioient t for a strong fire frits tlie 
powder, and obstracii its subsequent comminution. The powder when cold is ground 
in a proper mill, levigated with water, and elutriated. In this state of fineness and 
purity, it is called calcine or flux, and it is mixed with silicions sand and some alka- 
line matter or sea-salt The most ordinary proportions are, 4 of sand, 1 of sea- 
salt, and 4 o{ calcine* Chaptal slates, that he has obtained a very fine product 
from 100 parts of calcine, made by calcining equal parts of lead and tin, 100 parts 
of ground flint, and 200 parts of pure sub-carbonate of potusb. In cither case, 
the mixture is put into a crucible, or laid simply on a stratum of sand, quicklime 
s[mntuneously slacked, or wood -ashes, jilaccd undor a pottery or porcelain kiln. This 
niotis undergoes a seniivitrificatiou, or even a complete fusion on its surfare. It is 
this kind fiit which serves as a radical to almost every enamel ; and by varying the 
proiKirtions of the ingredient, more fUsible, more opnque, or whiter enamels are ob* 
tuiiied. The first of these qualities depends on the quantity of sand or flux, and the 
other two on that of the tin. 

'Hie sea-salt employed as a flux may he replaced either by salt of tartar, by pure 
potash, or by soda ; but each of these fluxes gives peculiar qualities to the enamel. 

Most authors who have written on the preparation of enamels, insist a great deal on 
the necessity of selecting carefully the particular sand that should enter into the com- 
position of the t\ it, and they even affirm Uiat the purest is not the most suitable, 
t’louet states, in the 84th volume of thuAnnalee de ChimiCf that the sand ought to con- 
tuiii at least 1 part of talc for 3 of silicions matter, otherwise the enamel obtained is 
never very glassy, and that some wrinkled spots from imperfect fusion are seen on its 
surface ; and yet we find it prescribed in some old treatises, to make use of ground flints, 
fritted by means of salt of tartar or some other flux. It would thence appear that the 
presence of talc is of no use towards the fusibility of the silica, and that its absence 
may he supphed by increasing the dose of the flux. In all cases, however, we ought 
to beware of metallic oxides in the san^ particularly those of iron and manganese, 
which most frequently occur, and nlw'ay& injure the whiteness of the frit 
The ancients carried the art of enamelling to a very high perfection, and we occa- 
sionally find beautiful specimens of their work. 'I'hen, as at present, each artist made 
a mystery of the means that succeeded best with him, and thus a multitude of curious 
processes have been buried with their authora. 

The Venetiant are still in possession of the best enamel proceasei, and they sup- 
ply the French end other nations with- the best kinds of enamel, of every coloured 
shade. 

Enamels are distingniihed into transparent and oimqaft i In the former all the ele- 
ments have experien^ an equal deg^ of liquefaction, and are thus run into crystal 
glass, whilst in the others, some of their elements have resisted the action of heat, so 
that their particles prevent the transmiauon of light. This effect is produced par- 
ticularly by the oxide of tin. 

The fritt for enamels that are to be applied to metallic surfkces require greater foii- 
bility, and should therefore contain more flux ; and the sand used for these should be 
calcined beforehand with one-fonrth its weight of sea^salt ; sometimes, indeed, metallic 
fluxes are added, as minium or litharge. Fur some metallic colours, the oxides of lead 
are very iqjurious, and io this ease recourse most be had to other fluxes. Clouet states 
that he has derived advantage fhmi the following mixturesi as bases for pniples,bliist, 
aud some other delicate colours : — 

Three parts of silicioos sand, one of dialk, and three of calcined borax ; or, three of 
glass (of broken ciTstal goblets), one of calcined borax, one-fourth of a. part of nitre. 
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ftod <Mi« ptrt of wfli-waiM diophomic ontiTnony# Thcfe eompOBitiotis afford a Terj 
white enamel, which acoordi pcrfertly well with blue. 

It if olitioui that the composition of tliis pnmar^ matter may be greatly raried : 
but we should never lose tight of the eatcntial quality of a good CDamel ; whloh it, 
to aeqiiin*, at a moderate heat, snf&cient fluidity to ^e a ahining aurAee, without 
running too thin. It it not complete fusion which is wanted t but a pasty state, of 
such a degree at may give it, alter cooling, the aspect of having adffered complete 
li(|iiefaciion. 

Dend^white Enamrl — This requires greater nicety in the choice of its materials 
th'iii any other cnuinel, as it must bo IVec from every species of tint, and be perfectly 
white t hence the frit employi^d in this ease should itself composed of perfectly 
)Uire ingredients. Hut a frit should not be rejected hastily because it may be some- 
what discoloured, since this may depend on two causes ; either on some metallic 
oxides, or on fuliginous particles proceeding fVom vegtdable or animal siihitances. 
Now the latter impurities may he easily removed hv means of a small quantity c»f 
jieroxide of manganese, which has the projierty of readily parting with a portion of 
its oxygen, and of thus fhcilitating the combustion, that is to say, the destruction of 
the eolouring rnrhonaceoiis matter. M.iiigttiiese indeed possesses n colouring pow er 
itself on gla*s, hut only in its highest state of oxidisenicnt, and when reduced to the 
lower Mate, as is done byeombustihle matters, it no longer eommnnieates colour to the 
enamel combinations. Hence the profiortion of manganese should never be in excess , 
lor the surplus would cause colour. Sometimes, indeed, it becomes necessary to give 
a little manganese-colour, (i.e. a pink tint) in order to obtain a more agrcM^able shade 
of white} as a little azure blue is added to iiueus, to brighten or counteract the duln<.ws 
of their yellow tint. 

A whiU* enamel may be conveniently prepared also with a calrine composed of 
two parts of tin and one of lead calcined together ; of this combined oxide, one part 
is meltad with two parts of fine crystal and a very little mnng:inc*se, all previously 
ground together. When the fusion is complete, the vitreous matter is to be poured 
into clear woU‘r, and the frit is then dried, and melted anew. The pouring into 
water and fusion are sometimes repeated four times, in order to secure n very uniform 
eoinlnnaiion. Tin; orueiblo must be carefully screened from smoke and flame. The 
smallest portions ofoxule of iron or copper admitted into this enamel will destroy its 
value. 

Moine practitioners recommend the wse of washed diaphoretic antimony (nnti- 
moniato of potshli, from iiietailic antiiiionv. and nitre deflagrated togctlier) for white 
enamel 1 hut this product cannot be addcnl to nuy preparation of lead pr other 
inetallic oxides ; for it would tend rather to tarniMi the colour than tq clear it up ; 
and it can 1 h' used therefore only with ordinary glass, or with saline fluxes. Fur 
three parts of white glass ( w itboiit lead>onc part of washed diaphoretic antimony 
is to be taken ; the subsUinces are well ground together, and fus^ in the common 
way. 

Jfitte Enameh — This fine colour is nimo.st nlways obtained flrom the oxide of cobalt 
nr some of its combinations, and it prodnccs it with suqlb Intensity that only a very 
little can he used, lest the shade should p.iss into black. The cobalt blue is so rich 
und lively that it predominates in some measure over every other colouf, and masks 
many so that they can hardly be perceived ; it is also most easily obtained. To bring 
it out, however, in all its beauty, the other colours mnst be removed as much as pos- 
sible, and the colmlt itself should he tolerably pure. Thi« metal is associated in the 
licNt known ores with a considerable number or foreign substances, as iron, arsenic, cop- 
pf^r, nickel, and sulphur, and it is difiicult to separate them completely; but for enamel 
blues, the oxide of cobalt docs not require to bo perfectly free from all foreign metals; 
the iron, nickel, and copper being most pitjudicial, should be careflilly eliminated. 
Tills object may be most easily attained by dissolving the ore in nitric acid, evaporating 
this solution to a syrupy consistence, to expel the excess of acid, and separate a portion 
of arsenic. It Is now dilated with water, and solution of carbonate of soda is dropped 
hlowly into It with brisk agitation, till the precipitate^ which is at first of a whitish 
gray, begins to of a rose-red. Whenever this colour appears, the whole must be 
thrown on afllti^^nd the liquid which passes through must be treated with more of 
the carlHiiiate of soda, in order to obtain the arseniatc of cobalt, which is nearly pure, 
Smee arsenic acid and its derivatives are not capable of communicating colour them- 
NfU es, and as tliey moreover arc volatile, tliey cannot impair the beauty of the blue, and 
lu'iiee this preparatiou uffords it in gKat perfection. 

MftaUic fluxes are not the most suitable for this colour ; because they always com- 
iiuinioaie a tint of greater or less force, which never fails to iqjure the purity of the 
blue. Nitfe is a useful addition, as it keeps the oxide at the maximum of oxidatioiit 
ill which state it produces the richest colour. 
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Yellow EflOflicJL— There are many procesaea for making thia colour in enamel t but 
it is Bomv'w hat diffienlt to fix, and.it is rarely obtained of an unifonn and fine tint. It 
may be i^uced directly with some preparations of silver, as the phosphate or sulphate t 
but this method does not alwayssuccei«d, fbr too strong a heat or powerfhl fluxes mdily 
destroy it, and nitre is particularly pn*judicial. This uncertainty of suooess with the 
suits of siWer causes them to bo seldom employed i and oxides of lead and antimony are 
tberefon* preferred, which afford a fine yellow when combined with some oxides that 
arc refractory enough to prevent their complete vitrification. One part of white oxhlo 
of antimony may In* taken with fh>in one to three iwrts of white lead, one of alum« 
and one of lal-ammoniae. Each of Uuwe substances is to bo pulverisiHl, and then all 
are t(» be exactly mixed, and exposed to a heat adequate to decompose Uie sal-ammoniac. 
This operation is judged to be floisbed when the yellow colour is well brought out 
There is produced here a combiuation quite analogous to that known under the namu 
of Naples yellow. 

Other shades of yellow may be procured cither frith the oxide of lead alone, or by 
adding to it a little red oxide of iron; the lints var)iug with the proportion of the 
latter. 

Clouet says, in his Menioir on Enamels, that a fine yellow it olitainod with pure 
oxide of silver, and that it is merely necessary to spread a tliin coat of it on the spot 
to be eoloured. The piece is then exposed to a moderate heat, and withdrawn as sci n 
118 this has reached the proper point The thin film of metallic silver revived on the 
surface beiun removed, the place under it will be found tinged of a fine yellow, of 
hardly anv thickness. As the pellicle of silver has to be removed which covers the 
colour, It is requisite to avoid fixing this film with fluxea : and it ought therefore to 
bi applied after the fusion of the n*st The yellows require in general but little 
alkaline flux, as they answer better with one of a metallic nature. 

{h ern JStutmeL — It is known that a preen colour may be produced by a mixture of 
yellow and blue ) but recourse is seldom bad to this practice fur enamels, as they can 
be obtained almost always directly with the oxide of copper; or, still better, with the 
oxide of chrome, which lias the advantage of resisting a strong heat. 

i'hcmists describe two oxides of copper, the protoxide of an orange colour, which 
communicates its colour to eiiatneU, but it is difficult to fix ; the dcutoxide is blue in 
the state of h;jfdrate, but blackish 'brown when dry, and it colours green all the vitreous 
combinations into which it enters. This oxide requires, at iiiost one or two proportions 
of flux, either saline or metallic, to enter into complete fusion ; but a much smaller 
dose is commonly taken, and a little oxide of iron is introduced. To 4 pouuds of tnt, 
for instance 2 ounces of oxide of copper and 48 grains of red oxide ut inm are used ; 
and the ordinary measures are pursued for making very homogeneous enamel. 

I'hc green produced by oxide of chrome is much more solid ; it is not affected by a 
powerful fire, but it is not always of a fine shade- It generally inclines too much to 
the dead-leaf yellow, which depends on the degree of oxygenation of the chrome. 

Ited Enamel, — We have just stated, that protoxide of copper afforded a fine colour 
when it could be fixed, a result difficult to obtain on account of the fugitive nature of 
this oxide ; slight variations of temjicrBtiire enabling it to absorb more oxygen. The 
proper point of fusion must be seized for taking it from the fire whenever the desired 
colour IS brought out. Indeed, when a high temperature has produced peroxidisement, 
this miiv be corrected by adding some combustible matter, as charcoal, tallow, tartar, 
&c. The copper then returns to iu minimum of oxidisement, and the red colour which 
hud vanished, rea{>pears. It is possible, in this way, and by poshing the heat a little, 
to accomplish the complete reduction of a part of the oxide ; and the particles of metallic 
copper thereby disseminated in a reddish ground, give this enamel the aspect of the 
stone called aoeniuriue. Th<» surest and easiest method of procuring protoxide of 
copper is to boil a solution of equal parts of sugar, and sulphate or rather acetate of 
copper, in four parts of water. The sugar ukes possession of a portion of the oxygen 
of the cupreoQi oxide, and reduces it to protoxide ; when it may bo |iraoipitated in 
the form of a mnular powder of a brilliant red. After about two Imilirs moderate 
ebuUiciou, the liquid is set aside to settle, decanted off the precipitato, Is washed 
and dried. 

The protoxide propwly employed bjr itself, famishei a red which vies with the 
finest carmine, and by its means every tint may be obtained ftoin red to orange, by 
adding a greater or smaller quantity of peroxide of iron. 

The preparations of gold, and particularly the oxide and pui^ile of Cassias, are like- 
wise employed with advantage to colour enamel red, and this composition resists a 
puwerfal fire tolcTably weUL For some time back, sdlntions of mid, silver, and platinum 
nave been nsed with success instead of their oxides i and In inis way, a more intimate 
mixtare may be procured, and, consequently, more homogeneous tints. 

Slack Emiasl. —Black enamels are made with peroxide of manganese or protoidde 
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of Iroo { to ohifh moio of rolofir m |rlr<>n with o little eoMt. Chijr otone, 

meliud with ekMiot i third of tu weight ul protojitil^ of iroo,gtTtff , tii ordmg tu I'iuuet, 

0 hue Mu«k eiMi«el. 

\%ottt Kmtmtl 'fhe of mOBgoneiiv in emill quantity hy itaelf Aimiibee. 

with Miiitf «>r alhtline ftuxen. an enamel of a eer) fine violet hue ; and vaiiatiixia of 
»hade are eaailf had. bir niddifjing tho profiortiont of the elenieiita of the cohmr.d 
frit. The great point i« to niaiiiiaiii the niangaiieto m a atate of pemaidaiion, and. 

1 oiiveqiientljr. to bewafv of pUiMog the eoaoiei lu contaet with an^r lubataiiee attraetiw 
of oxjrgeii. 

Hueh are the prinripal c«doured eiiameU hitherto obtained bj meant of inetallie 
o«idi ■ t hut ftnre (he nuinbiY of (hiwi* oxidef la iocrraiiing everj dav. K la to be winhi d 
till new It iitU In* made » iih etjch un liH«e not >et been eniplo} vd. Fioiii aiu^h naearciiia 
Moiw iiileresting nwiilta wmild unqiieftionahlx be derived 

(V/Nimliavon Enamel — Liiamellitig laonly done on gold and copper, for iilTcr 
ftWtIU up. and eauMca blitUra and liolea in the coat of ciiaiik’l All inamel puiiitingn 
an*, in fact, done on either copptT or gold 

If on gold, the gold^initli prepares the plate that i« to be painted upon The gold 
Mho iM Ik* yjl enrata line if purer, it aould imt he Kutncu'>nrly MtilT, if eoaiaer, u would 
Ih «>ih]eet to melt, and iia alloy ahouhl lie lulf white and half red, that m. hall iiUer 
aii'l litilf coiqier t when*hy the enamel with whieli it ui covered will be it at dift|MJiM*fl 
to luin gitt n. than if the alloy wen* entinly cop|M*r 

1 he workman mimt reaurte for thenlgeot the plate aaniall fillet, whieh he calif the 
'I'liiM leilge »trve« to retain the enamel, and hinder* it from f4iliifig oil when 
npt lied and pn*«iM d on w iih a upatuU. When the plate i% not to lu i (Mintt r • niiiiu Ih d. 
It Mhoiild 1 h) c)migi«d with leMi eiiannh na. whtn ex{Nii«« d to hint, the enaiml diawt. up 
III! gold to iifeil, and make* the piece coiivr a. hen the enaiin i im not to eo%( r the 
whole nUte, it hecotiiei iieec'i’kary to pre|are a ItHlgnieiit for ir X^ith tin* >uw, nil 
the tiuilinca of the figure are tnuNd on (lie plate with a hlaok Itad |H*ncil, uflir whieh 
^ eonrw* |f had to the graver 

'Die whole iipare cticlo«e<l hi the outlines muft Iw* hollowid out iii Inte rttuf, of n 
(h pth eqiiiil to the height of the fillet, had the plate Ikmh euiiril) eiiaiO'IUd. This 
MiiiKing of the fuiface uiiisl bt* doin* with a fiat gru\er aa cqtmll) as pohnible ; fi>r if 
tin re lu an coitnence, th * enamel would W wcnkt*r at that |>oint, and the green would 
ap|H ar home artifta hateh the bottom of the hollow w ith clone liiu s, w Inch en*ii*eueh 
other in all dirt'Ction* , and oth r* make liue<» or Rcr itchcM with the edge* of a hie broken 
off aqitare. The hatcliinga or aerntehiw lay hold of the enamel whu h might pthcrw me 
fcparate from the pUtc After ihia o|K*ratioii, the plate in cleanstd by bdliog it lu 
an iiikaliuc l)c, and it la washed fiist with a little weak vinegar, iiud then wiUi clear 
w Iter, 

'i'hc pi it<f thiia prepared is to bo covered with a coat of white enamel, which is done 
by bruising a piece ofeiiaincl in an ngato orporcclum mortar to a coarao powder like 
p.iiid, wiishing it well with water, and applying it in the hollow part in its moist state. 
'Die pkite muy meanwhile be held in an ordinary forceps. The enamel powder is 
spread w ith a spatula. For condensing the enamel powder, the edges of the plate are 
struck upon with a spatula. 

Whenever the piece is dry, it la placed on a slip of ahect iron perforated with 
Ri*veral small boles, see fig, 7110, which is laid on hot oiudiTS ; and it is left there 
until it ceases to steam. It must be kept hot till it gocs^ to the fire ; for were it 
allowed to cool it w'ould h(*come necessary to heat it again very gradually at the 
month of the ftimacc of fusion, to prevent the enamel firom decrepitating and 
flying off. 

Before describing the manner of exposing the piece to the fire, we must explain 
the construction of the furnace. It is 8<]uare. and is shown in front elevation in fig, 721 . 
It consists of two pieces, the lower part a, or the body of the ftima^, and the upper 
part B, or the capital, which Is laid on the lower part, as is shown ia fig, 722, where 
tlu*se two parti arc separately represented. The furnace is made of fire-clay, 
moderately baked, and reaemblea very closely the assay or cnpellation furnace. Its 
inside dimensions^re 9 inches in width, 13 inches in height in the body, and 9 in 
the capital. lu Meral thickness is 2 inches. 

The capital has an aperture or door, c, fig. 721, which is closed by a fire-brick 
stopper m, when the fire is to be made active. By this door fuel is supplied. 

The Imdy of the fhrnaoe baa likewise a door v, which reaches down to the pro- 
jecting shelf B, called the bib (mealoiini^re), whose prominence is seen at E,fig. 721. 
This sltelf is supported and seenred by the two brackets, f, f ; the whole being 
earthenware. The height of the door ih is abrul|Kd by a peculiar fire brick o, whi^ 
not only co ers the whole piojeetion of the ahelf B, bnt enters within the op^i^of 
the door D, filling its breadth, and advancing into the same plane w ith the inner sarnico 
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of the faiwe Tlili pbitr In cmlJrd Uie hvortlk; hf purpow will appetr pfMntlj } It 
may be token ont ond repteced me |ileaMire« by U) mg bold of the homlle tn lie fnmi. 

Helnw the ihelf k, ow)iiori* hoUn ii, w oiHm, which icnre* for admitting air, ond for 
extroctiag' the aalu^e. 84miliir IkiUw an* left upim each aide of the attrAior, aa la ahown 
ill the ground plan of the boic./iy Till, at fi. 



<h) a lef«*) with the •hclf, in the iiiterinr of the fumaee, a thin Are-tile i reata, per- 
forated with numerous amall holea. Tlii< la the ^pnoe repreai'iiled in n ground vietr 
in /Ai. 7d0. i'uft. 723, 724, 7*i3, rvpreattii. under diflercot aaixeta. the muffle. /V 72i 
ahowa the ele^alioo of Pa further md ; Jiy 724 ita aidea , and fuj. 721 ifa front pin. 

At 722, the muffle la aeeii in ita place in the funiaee, noting <m two barn of 

iron, or, atill blotter, on leilgea ol ttre-elay, aupiKMrtid on hrueketa ottneUed to the 
lateral aidea of the fUmaea. The muffle is made of earthenware, and aa thin aa 
pofttiblc. 'Hie fuel oonaiata of dr^ liwh-wfxxl, or oaken braiicbva, about an inch ni 
diameter, cut to the length of nine inchea, in order to be laid in horizontal strata 
within the furnace, one row only being placed abore the muffle. When the iniifllo 
has attained to a white red heat, the sheet iron tmy, bearing its enamel plate, 
is to be introduced with a pair of pincers into the front of the muffle, and gradually 
advanced towards its further end. The mouth of the muffle is to be then closed with 
two pieces of charcoal only, between which the artist may see the progress of the 
operation. Whenever the enamel begins to flow, the tray must be turned round on its 
base to insure equality of temperature ; and as soon as the whole surfice is melted, the 
tray must be withdrawn with its plate, but slowly, lest the vitreous matter be cracked 
by sudden refrigeration. 

'File enamel plate, when cold, is to be washed in very dilate nitrio acid, and after- 
wards in cold water, and a second coat of graonlar enamel paste is to be applied, with 
the requisite precautions. This being passed through the fire, is to be treated in the 
same way a third time, when the process will he found complete. Should any chinks 
happen to the enamel coat, they must be widened with a graver, and the space being 
filled with ground enamel, is to be repaired in the muffle. The plate, covered with a 
pure white enamel, requires always to be polished and smoothed with sandstone and 
water, particularly if the article have a plane surfisce ; and it is then |[nally glazed at 
the fire. 

The painting operation now fbllowi. The artist prepares his enamel colours by 
pounding them In on agate mortar, with a pestle of agate, and grinding them on an 
agate slab, with oil of lavender, rendered viscid by exposure to tbe son in a shallow 
vessel, loosely covered with gauze or gloss. The grinding of two draehms of enamel 
pigment into an impalpable powder will occupjr a labourer a whole day. Tho 
painter ahould have alongside of him a stove in which a moderate fire is kept up, for 
drying his work whenever the figures are finished. It is then passed throu|^ 
muffle. 

The following was the process adopted by Henry Bone, B. A., and his son, the late 
Henry Pierw Bone, who have produced tbe largest enamels ever paint^ i and 
beyond the time and consequent expense there appears no practical liinit to the size 
of enamel paintingf. 

Preparmg the f2ife.*-For small plates (np to two inches long) purs gold is the best 
m^naL Silver (quite pure) is also us^ hot is apt to get a disagreeable yellow 
edoor at the edges by repeated firings. For larger ^izes, copper is used. The copper 
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•hoold betnmM fh>iu iprtnpr* iSHdl theo ekaned wHh dilak ttlpliQrle 

acid (oik {lart arid, four aratrr),atid ilia{HNt la a «ood4^a miwld, nAenrardf iiM.d in 
ntahmit tin plate mi an to product a couv< a lurfiKc rar^iog according to tiu iiac uf 
thi pinii taking care that cha aliaping doca m t reproduce the apruig m the cepper, 
III nh h ittM fU« proctaa muat \h niKatcd Jfilit plate la not raiM^ iii the centn, 
III till I ourat of n pt ati <1 firinga tlu. ioriu la vill r m iru/ularly, prcKliuiiig uuduJati um 
(M r th« pUti, |Nrfi4t flatmaa bting iiixt to iinpusaiUe for lirge pictiins Ihc 
( i||Hi IN then laid face downwaida on tin <on%iX wooden mould umd for aliapin^. 
un«l ciiaiml ground fine with water la Npritul o%ir it with a am ill hon< apoon wlu n 
I ovi n «l n fine e loth doubled la pn hh» d >.< ntiv on ii to alMorh the water and tiun » »* 
NiiiiKjib d with unimI Npuula M hi« luriitN th< lack of the plati and whin firvd thia 
piri IN ftiiiNliid Ihi (opp r la uuw rMiraid on a lotiMa board tin. exact counter- 
part oi thi oihir, and co^ind with wbiit inann 1 flni in the Naiui way aa 

altoci I he plan 1 « n >w riadt i ir firing and tit>( r it hat Itci n hud and <o >kd tin 
aorta < limit In ground auiooth with a tint piici i ( tlint or other hard Hubctancc with 
% Uir iiiid and water It must next la eoured with a aofttr and nion tranNpaieiit 
I iiid ot iiitiiiul ralhd finx ground and »pi« id in in thi Kano wu un tht firMinannl 
but iliiN emu only on tht face ol tlu plati IIuk in hridaaiNfon andwhiiieo I th 
1 Hill iiiiiai hi again ground aiiiiMith aiidwh n gland in tlu. furimti the pluti m 
lilt -litd 1 or till fiiNt coat a white Nolid eiiliu 1 iiNid to preunt the giein culoiii 
lumi ill (xidmid ( 0 |i|itr showing through, the aeeeud eoit la a aolUr iimmel, to 
inihli the eohmra iintd to melt with leM heal 

/if 1111/ 1 III plat IN plated on an me lit d fiustono or well baked Stourhndge 

(Inv JO PI t rted on u lied ot whiting tli rt ugl h e 1 i ed iii tht (iirnaie tht exaet ahii|>t 
t f lilt 1 1 111 AN originalii made, w hit It miiat U iihed in all suhsti]iient firings Aftei 
the whiling m ioiiiied in the shapt of tht plate it should bt notelud with o flat knife* 
eingorially uroaa as in the uttompanyiiig diugrani 
ilie use ot thiN la to prodiui unefliet of diogonni 
Iraeiiig while the platt coiIk, and expiruiiee liis 
fhown that it ttnds touKidirilly to keep the plate ui 
Its original shapt W lit u tin pUtt is amall (up to 
three imheaiii length) it urns he iiuualtd lorpaasing 
lilt I the hot mu me as follows — 1 he | laiiche lieanng 
the phte tna^ bt {laud on auotlier plutuln lit ate d m 
tile muflli and pi leed in the fiont of the inuflle for a fe w 
luiuutes until the sUani uf tin plate oi (he oil ot Ih 
pulure ahall base es ipirited it may thaii be put in 
the mouth tf the luntllt and gradually lOMrud to 
t) ( lit tteat ]>art Altti finn^ it should bt pi iced on 
nnotht I h >t plant he and allowt I to eo >I gradually I«irge | ictuua require a diflert nt 
nriangtimiit ot (he furnace <l\e( the iiiuflle there shoul I he a fixed non aniaalmg 
lH)s,wiih an iron she It and doot lli iMt uu Hhould Ik ot e o»t non about one inch 
thuk lliiNslimll be so arringeel tint when tlu inuffle attains a whito heat the 
h ttoin ot the annealing box should he < f *1 brightish red nt the back, and a dull 
hlo id lid m tront lairgt pie dire s should In plaied on the botioui of the box before 
the lur&oce la lit. and the larger the si/e <it the pictiiie the slower thould the furuaee 
hi brought to its full heat, so as to allow fixe or six hours foi tlu laigcst aixe, and two nr 
throe lor ainaller plates hen fired the picture aliould be leturne d to the* she If of iha 
gancalfaig >mix and h 1 ) theie till e)uite coll, for whuh purpeise large plates require at 
Uoat iweUc hours I he oedours used are mostly the same u those prepared loi 
jewellers and ghiw painters, 

Lm mtllmq tH the — The art of the lamp enameller is one of the most agree- 
able and imiiHiiig that we know There » hardly a subject in enamel which may 
not be executed he the lamp-flame in ^ery little time, and mure or Uuperfectl), 
Mi rxi n,; to the dexteiily of the artist* and his acquaintance with the principles 
ot mode II mg 

In woiking at the lamp, tubes and rods of glass and enamel must be provided, of 
all suts and eoloura 

I lie enniii^^ table is represented m fiq 727 round which seveml workinem, 
w ith tlu It laiii^ may he place d, w bile the large double bellows d beh>w is set a blowing 
1 > a tie idle* nio\e*d with the loot. The flame ot tlie lamp, when thus impelled bv a 
p iwitfiil jet of air, acquires siirpnaiog Intensity 1 he bent noxzles or tubes a, a, a, 
A lie Ilia le of glass, and are drgwti to points modified to the pin poso of the enameller 
>w "S'l shows, in perapectivg^ the lamp A of the enaniellei standing in ita ctstem 
B till Mowpipe I IS Still project/ng its name obliquely upwards The blowpipe is 
luljustahU 111 au elastic cork n, which fills up exactly the hole of the table into 
whieli It enters 'Vlfhem only ong person is to work at a table provided with seTcral 
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shoot of white iron n, called the icroen, is interposed to protect his eyes from the 
pl.iro of light. The screen is fastened to the table by a wooden stem, and it throws 
Its shadow on his faeo. 

The enamelling workshop ought to admit little or no day light, .otherwise the artist, 
not pereeirthg his flame distinctly, would lie apt toootnniit iiiistaket. 

It IS imiHitfibli to describe all the uiaiiipalations of this ingenious art, orer which 
tnste and dexterity so enfircly prt^sidc Hut we may give an example. Suppose the 

i iiatuelh r wishes to make a swan, lie takes a tube of white eiiuiiiel, mwiIs one nl its 
inds hernieiieully at hit lamp, and wlitU the mutter is sulHcieiitly hot, he blows on 

ii a miuikiii flask, nw«*nibling the body of the bird , he draws out, and gracefully 
In nds tht‘ neck . he ahiipes the head, the luruk, and the lad ; then, with slender 
enamel nxlv of a proper colour, he makes the e>(s ; he next opens up the bt'uk with 
pointed semaors , he lornis the wings and the legs; flually attaching the toes, the 
bird stands etmiplete 

The enanieller also makes artificial eyes for human beings, imitating so (lerfeotly 
the colours of the sound eye of any individual as to ruidcr it dillicult to discover 
that he has a blind and a seeing oue. 

It 18 difficult to make large articU^s at the blowpipe*, those which surpass 5 or 6 
inches become iieurl} unmanageable by the most expert workmen. 

Knahklunu or Cast Iron and oinisR Hollow Waiik for Saiiclfans, &c. In 
December, 1799, a |»atent was obtained for this proi'ess by Dr. Samuel Sandy Hiokling. 
Ills sfiecification is sulidividcd into two parts — 

1. The coating or lining of iron vcmu^Is, A,c., by fusion with a vitriflHble mixture, 
coin posed of G parts of calcined flints, 2 parts of comfHmtwn or Comiah stone, 9 parts of 
lith irge, G parts of borax, 1 part of argillaceous earth, 1 part of nitre, S parts of calx of 
tin aud 1 part of purified potash. Or, 2iidh, 

8 parts of calcined flints, H red lead, 5 borax, b calx of tin, and 1 of nitre. Or, Srdly, 
12 of potter's composition, 8 borax, 10 white lead, 2 nitre, I while marble caloined« 

1 argillaceous earth, 2 purified potash, and 5 of calx of tin. Or, 4thlv, 

4 parts calcined flint, 1 (lotter's composition, 2 nitre, 8 borax, 1 white marUe cal* 
cini.*d, i argillaceous earth, and 2 calx of tin 

Whichever of the aboveeompiMiitions is taken, must be finely powdered, mixed, fused, 
the vitreous mass is tu be ground when cold, sifted, and levigated with water. It is then 
made into a pap with water or gum water. This pap is smeared or brushed over the 
interior of the vessel, dried sod fused w ith a proper heat in a muffle. 

(^aleined bones are also proposed as an io^edient of the flux 
The fusibility of the vitreous compounds is to vary according to the heat to be 
applied to the vessel, by using various proportions of the silicious and fluxing 
matenalt. Colours may be given, and also gilding. 

The second part or process in his spocification describes certain alloys of iroo sad 
nickel, which be casts into vessels, and lines or coats them with copper precipitated 
fW>in iu saline solutions. It also describes a mode of giving the precipitated copper an 
enamel surface by acting upon it with bone ashes and sine with the aid of heat 
A factory of such enamelled hollow wares was carried on for some time, but it was 
given up for want of due enenoragement 

A patent was granted to Thomas and Charles Clarke on the 25th of llfaj, 1858, for 
a method of enameliing or ctiating the intcmsl surfilces of iron pots and aancepani^ in 
VoL. IL P 
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lacYi a way as prevent the enaniol from erackin/r or aplittinff off fr<»in the effi'CtJ 
of Are. Thia apeoineation preaeribes the vessel lo be cleaned by exposing it to the 
action of dilute aulplniric acid (sensibly soar to the taste) for three or four hours, 
then boiling the vehsel in pure water for a short time, ond next appl} ing the composition 
This consihls of KK) 11m. of calcined ground flints; .'iOlbs. of borax, ealcined, and Auely 
groiiiul witli the above. That mixture ts to he fused and gradually ciroled 

40 ihs a eight of the above product U to be taken with alba, weight of polter's cl.i} ; 
to be ground together in water until tlie mixture forma a pasty consistent mash, 
y, hich will letivc or fnnti a rout on the inner surfiice of the vesael about onC'Sixth of iin 
iiieh thick. When this coat is set, hy placing the \esscl in a wann room, the second 
coinposition is to Ik* applied. Thin ctuisists of rj.*) lbs. of white glass (without lead), 
S.'t lbs. of borax, 20 ibs. of soda (eryntiils), a!) piilvcriK'd together and vitrified by 
fusion, then ground, cooled in aater, iirid dried. To •I.') lbs. of that mixture, 1 lb of 
N‘>du IS to be added, the whole mixed together in hot water, and when dry |K>iindcd ; 
then siDeil finely and evenly over the iiiterniil Mirlaee ofthe\csseI previously covered 
with the fiist Coating or eoinposition whilst this is still moist. 'J'his is the glazing. 
'J'lie \es el thus prepared is to he put into a stove, and dried at the tcti) 2 >cruture of 
21:*® Fahr. It ia then heated in a kiliiormuffl like that used for glazing cliinn. The 
kilii being brought to its full heat, the \ea'<el w plaeod firit at its mouth to heat it gra- 
iliiull\. and thin put into tlie interior foi fusion of the glaze. In praitiee it hio hem 
iounil udvantafrcMiiiM also to dust the gda/e powdir over the fused glaze, und apjrlv a 
Mcoud fluxing beat in the oven. 'J'lie enamel, by this double application, beeonus 
inneh siiK'Other and sounder. 

Messrs Kenrick, r f West Ilromwieh, produced in tlioir factory some excellent 
Hpreiiiii'iiM of eiruiiielled siueepaos of cast iron. Dr. lire expoaed the finely eiiuiuelled 
Slim epuns ol Messrs. Kenriek to very severe trials, having fiiacd even chloride of 
culeiiiin in them, mid fou id them to stand the fnevciy pcrfeetly without chipping or 
cr<ickiiig. Such a maiiufueture is one of the greatest imjirovements n^ceutly iutio- 
duecd into dom*stie cconoiiiy ; such vessels being remarkably clean, salubrious, and 
adapted to the most delicate culinary operations of boiling, stewing, making of 
jellies, pi*eserves, \e. TIuy are also udrnirably fitted for prejiuriiig pharmaceutical 
deeoetioir*., and oidinary cxiniets. 

'riie cnumel of ihi'C siiicepans is quite fice from lead. In scNCial of the Rauccpaiis 
which wei'e at fir-t si iit into the market, the enamel w.is found on analysis to contain 
a notable pro oition of oxide of I ‘ad. In eoiisequetiee of the quantity oi borax and 
soda in the glaze, this oxide was so readily acted upon by acids that sugar of lead 
was foi'ined hy di(;eHting vimgar in them with u gentle heat. 

A suitable oU‘i or iiiuflle lor lining or coating uietals with enamel may have the 
following dimensions. 

The ontside, 8 feet square, with J4'inch walls; the iiitcii»r mufTle, 4 feet sqnxce at 
bo* tom, rising 0 iiiLhes at the sides, and then ai-ched over ; the ciown may be 18 inclies 
liigli fr iin the floor , the iiuinie should be built of fire-brick, inokea thick. Another 
nieh IS turned over the first one, which second arch is 7 inches wider at the bottom, 
and 4 jiiches liigbc" at the top. A 2-iiicli wall undar the boCtdm of the mulfle 
at its centre divides the fire-place into two, of 16 width etch, and 3 feet 

3 inches long. U'he flame of tire fire plays between the two arcliei and up through 
a 3>iuch flue in fr uit, nird isNoes fimu the top of the arch through three holes 
about 4 inches 'square. These open into u flue, lUxU inches, which runs into the 
uliiiiiney 

The inatcridN for tlie etiiTncl body (ground flint, potter's clay, and borax) are first 
mixed togeiluT, and then put into u reverberatory furnace, G feet 7 inches long, by 

5 feet 4 iiuh's wide, and 12 inches high. The flame from an 18 inch fire-piaee 
passes over the hearth, 'i'he ni ileri ils are spread over the floor of the oven, about 

6 inches tiiiek, and ignited or fiitied for 4 or 5 hours, until they begin to heave aud 
w oik like y east, w hen another coaling is put on the top, also six inches thick, and fired 
again, and mi on the whole day. If it be fijwd too much, it becomes hard aud too 
refiactory to work in the mnflles. 'J'he glaze is worked in an oven similar to the 
above, it may he com{)osed of about oue-half borax and one-half of Cornish stone 
(partially deoa||paed gruniU*) in a yellowish piwder procured from the potteries. 
'J his is frittedW^ 10 hours, aud then fused into a glass which is ground up for the 
glaze. 

'i'he Patent Enamel Company use coloured enamel very extensively, and by the 
use of stencil plates produce very gool, and cheaply, designs in enamel upon articles 
of iron, 'i'heir nianufactiire this process of street plates, and signs in enamel are 
of much interest. The followmg are recipes for enamels in general use 
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Crty Mixtwrt Enamel, 

Sand • • . • • 

Red lead 

Rnracic acid - - . . • 

Cullctt ------ 

Ricarbonate of aoda .... 

Nitre 

3Ianganese . . • . - 

Another is - 

Flint 

lloracio acid - . - - - 

Ricarbonate of sixln . - - 

Nitre 

W/tife Mixture Emmd. 

('•ullvll 

Rorocic acid 

liicarbonatc of soda . . - . 

Piiosphatc of lime - - - - 

Oxide of antimony . . - . 

liNAMrdXEl) LFiATFIKTl. Rcathor glased upon one surfarc, the so culled 
( Ti iraelling composition lioiiig in all rctjoects annlo^us to the ordinary vomishes. 
liii^tcad oi eiiaiiudUng thc^rain Rurfaee, uh isiisunll) done. Mr. Nossiter rciiiovcR that 
Mirfnee h} Rpli ting or huding, and (hen produces Mhat is culled a finikh upon tiie 
huilacc ilius iutm d, h) ineauh of a rulhr, or gla«>s instrument. Tlie Heal) side of the 
skin may he thus pnpartd for enaiiulling; and it is less liable to me k, and the 
cnninc* toh come cloudy on it than on the giain side. See Lkatiikii. 

1 NCARSTK^ PAINTINd, A mode of painting with heated or burnt wax, 
vhieli nas practised b) the ancients. I'he wav, when in'dt**d, was mixed with as 
much colour, find) powdered, as it could imbibe, and tin n the mass was spread on 
the wall with a hoi spatula. When it became cold, the designer cut. the lines with a 
cold pointed too\ and other colourN were applied aud melted into the former. Blany 
moditiouiionK of the ]>roeeRS have hem employed. Amongst the inoderns, the term 
has been improper]} given to sonic cements, which have noihiug of an encaustic 
charaett'F about them, 

KNC’AHSTIC TIJ..KS arc tiles in which any design has been produced by fusing 
in other colours than such as form the colour of the ground Fmcaustic tiles are of 
nil ages, and wo find them representing every variety of subject. 

The manufacture of encaustic tiles has been carried to great perfection in onr own 
timus. It will be well to considir this nianuraeture in connection with Tessera^ 
tiieie being, indeed, no difference in the first production of tiles or te*>serte, except 
that the latter are at first moulded with the spaces which are to be filled in with tlie 
coloured clajs to form the patterns impressed upon them. 

The Roman tCRScr®, of which many verv fine examples have been discovered in this 
country , w ere often formed of natural stones (&)metimeB coloured artifiqiull} ), but gene- 
rally of baked clay. The b(>anty of mon^r or these has led to 
the production of mndeni ni.iiutions, which have been gra- 728a 

dually improved, until, in the final result, they far exceed - 
any work of the Romans. 

About half a century siuce, Mr. C. Wyatt obtained a patent 
for a mode of Imitating tesselated pavements, by in laying 
stone with coloured cements. Terra cotta, inlaid with 
coloured cements, has also been employed, but with no very 
marked success. 

Mr. lilashfield produced imitations of those pavements, by 
colouring cements w ith the metallic oxides: these stood ex- 
ceedingly well when under cover, but they did not endure 
the winter frosts, &c. Bitumen, coloured with metallic 
oxides, was also employed by Mr. Blashficld. In 1839 Mr. 

Singer, of Vauxhall, introduced a mode of forming tessero 
iVom thin layers of cluy. These were cut into the required 
forma, dried and baked. In 1840 Mr. Prosser, of Birmingham, 
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diveorered that 1/ the material of porcelain (china clay) be reduced to a dry powder, 
and in that ante be compreaaed between ateel 'diea, the powder ia oondenaed into 
about a fourth of its bulk, and ia converted into a oompact aolid aubatanoe of extra- 
ordinary harineaa and denait^. 

Tliia proccaa was Brat applied to the maniifactore of bnttona, hot wu eventnally 
taken up by Mr. Minton, and, in conjunction with Mr. Blaahfleld, Mesara. Wyatt, 
Parker, and' Co., waa carried to a liinli dcftree of |terfeetion (Br making teaaera. 

The new proceaa, invented by Mr. Prosser, avoided the difficulty altogether of 
using wet clay. 

Tliia change in the order of the potterV operationa, although very aimpie in idea 
(and a aufflciently obvious result of reflection on the difficulties attending the usual 
coiirae of procedure), has nevertheless required a long series of carefhl experiments 
to find out the means of rendering it available in practice. 

The power which the hand of the potter has exercised over his clay has been pro- 
verbial friim time immemorial, hut it is limited to clay in its moist or plastic state; 
and clay in its powdered state is an untraetahle material, reijuiring very exact and 
powerful machinery to be substituted for the hsnd of the potter ; in order, by great 
pressure, to obtain the requisite cohesion of the particles of clay. 

In the new proceaa, the clav, or earthy material, after being prepared in the nsnal 
manner, and brought to the plastic state, as above described (except that no kneading 
or tempering It raquisite), ia formed inti> lumps, which arc dried until the water is 
evaporaM ftwm the clay. 

The lumps of dried clay are then broken into pieces, small enough to be ground by 
n suitable mill into a state of powder, uhich is afterwards sifted, in order to separate 
all eoarae graina and obtain a fine powder, which it ia desirable should consist of par- 
t cles of unifonn sixe as nearly as can be obtained. The powder, so prepared, ia the 
state in which the clay is ready for being moulded into the form of the intended 
article by the new process. 

The machine and mould used for moulding articles of a until aise, in powdered 
clay, ia represented in the annexed drawing, wherein fig. 7286 is g lateral elevation 
of the whole machine. 

A A is the wooden bench or table whereon the whole is fixed, that bench being sus- 
tained on legs standing on the floor. B D e is the firame, flormed in one piece of cast 
iron ; the base, n, standing on the bench, and being fixed thereto by screw bolts ; the 
upright standard, i>, rising from the haae, and anstuning at its upper end the boss, k. 
wherein the nut or box, a, is fixed for the reception of the vertical screw, F. The 
ecrew, r, works through the box, a, and haa a handle, o, g. A, applied oB the upper 
end of the screw ; the handle ia bended downwards at p, to bring the actual handle. A, 
to a suitable height for the person who works that machine to grasp the haudle. A, in 
Ilia right hand, and, by pulling the handle. A, towards him, the screw, f, is turned 
round in its box, a, and descends. The lower end of the screw, p, is connected with a 
square vertical alider, h, which is fitted into a socket, i, fixed to the upright part, d, 
of the frame, iind the slider, H, is thereby confined to move up or down, with an 
exactly vertical motion, when it ia actuated by the screw, without doviation from the 
vertical. 

Thus far the mBchioe is an ordinal^ screw press, such as ia commonly used for 
cutting and compressing metals for various purposes. The tools with which the press 
is furnished for the putposo of this new process consist of a hollow mould, e e, formed 
of steel, the exterior cavity of the mould being the exact sixe of the article which is to 
be moulded. The mould, c e, is firmly fixed on the base, n, of the frame, so as to be 
exactly beneath the lower end of the piston o, or plug,/, which is fastened to the 
lower end of the square slider, h, and the plug, /, ia adapted to descend into the 
hollow of the mould, e e, when the alider, h, is forced downwards by action of the 
screw, F, the plug/ being veiy exactly fitted to the interior of the mould, e$. 

The bottom of the mould, c e, is a movable piece, n, which is exactly fitted into 
the interior of the mould, but which lies at rest in the bottom of the mould, ee, during 
the operation of moulding the article therein ; hut afterwards the movable bottom, n, 
can be raised by pressing one foot upon one end, r, of a pedal lever, r a, the 
fulcrum of whim is a centre pin, r, supported in a standard resting upon the floor, 
and the end, 8,Wthe lever operates on an upright rod, m, which is attached at its 
upper end to the movable bottom, a, of the mould, e s. 

A small horixontal table, t t, is fixed round the mould, e e, and on that table a 
tluantity of powdered clay is laid in a lump in readiness for filling the mould. 

The two detached figures, marked figt. 788c and 728d, are sections of the mould 
e e, and the ping,/, on a larger seala than fig. 788a, in order to exhibit their action 
more completely. 

The operation Is extremely simple : the operator, holding the handle, A, with his 
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right hftiid, puts it back fh>m bin, so as to turn back tha sorfw, f, and raise the 
slider, R, aod the plug,/ quite oa\ of the mould, se, and clear above the orifioe of 
the mould, as shown in fy, 7280. 

Then with a spatula of bone, held in the left hand, a small quantity of the powder 
18 moved laterally from the heap, along the surface of the table, t, t, towards the 
mould e e, and gathered into the hollow of the mould with a quiet motion, so as to All 
that hoUow very completely, and by scrapinff the spatula evenly acrou over the top 
of the mould, «e, the supeiAaous powder will be removed, leaving the hollow cavity 



of the mould exactly filled with the powder In a loose states and neither more nor 
less than filled. 

Then the handle. A, being drawn forwards with a gentle movement of the right 
hand, it turns the screw, r, so as to bring the slider, h, and the plug,/, which thereby 
descends into the mould, e s, upon the loose powder wherewith the mould has been 
filled, and begins to press down that powder, which must be done with a gentle motion 
wiAout any Jerk, in order to allow the air that is contained in the loose powder to 
make its escape ; but the pressure, after having been commenced gradually, is con- 
tinued and augmented to a great force, by pulling the handle strongly at the last, so as 
to compress the eanhy material down upon the bottom, a, of the mould, into about 
one-third *he space it had occupied when it was in the state of loose powder. The 
section, A. 7 fi 8 A, diows this state of the mould, e s, and the plug,/, and ue compressed 
materl^ 
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Then the htodle, A, it put bookwardt again, lo aa to tun back the screw, f, and raise 
up the slider, n, and the plug./, until the latter is drawn tip out of the mould, e e, and 
clear above the orifice of the mould, as in Jig. 72Ha, and iiumcdiatidy a(\erwar^ by 
pressure of one foot on the pedal, n. of the p^al lever, r, s, and by action of the upright 
rod. m, the movable bottom, a, of the mould is raised upwards in the mould e e, so ns 
to elevate the oompresied material which is resting upon the bottom, n, and cuiry the 
siinie upwards, quite out of the mould e r, and above tlie orifice of the mould, as is 
shown in, fig. 728r, and then the compressed material can be removed by the finger 
and thumb. 

The compressed material which is so withdrawn is a solid body, retaining the exact 
shape and sise of the interior cavity of the mould, and possessing sufficient coherence 
to enable it to eudure as much haudliog as is reriuisitc for putting a number of them into 
nn eartheuware case or pan, called a sagger, in which they are to be enclosed, ac- 
cording to the usual practice of potters, in preparation for putting them into the 
potter’s kiln for firing ; the sagger protects the articles iVom discoloration by smoke, 
and from partial action of the fiame, which, if a numher of small articles were 
exposed thendo without being so enclosed, might operate more strongly upon sonic 
than upon others of those articles ; but by mi ans of the saggers the heat is caused 
to oiieratc with clearness, uniformity, and certainty upon a number of small artn Ics 
at once. 

Alter the firing is over, the articles being removed fVom the saggers, are in the 
state of what is tinned hihcuit, and arc roudy for use, unless they are required lo bo 
ghiKul, in winch case they may be dipped into a semi-liquid coniposition of siliceous 
uml otinr inatterH, ground in water to the coiiM.stency of cream, and the surface of the 
nrficlcs wiiich nie ho dippi'd becomes coiercd with a thin coating of the glazed coni< 
position, and tlieii the article** arc again put into saggers, and subjected to a second 
operation of firing in another kiln, the heat whereof vitrifies the composition and gives 
u g la Shy surface to the articles, all which is the usual course of making gl.ized cartlien- 
wutv or porcelain; Imt for articles formed by the new process a suitable glazing com- 
position is more usually applied within the saggers, into which the articles are put 
for the first firing, and the glazing is performed at the same time with the first burning, 
w ithout any other burning being required. Or, in other cases, the composition of 
earth) iiiuterials which is chosen for the articles may be such as will become partially 
\itiifiod by the heat to which they arc exposed in the kiln, and thereby external 
gla/iiig is rendered uii necessary. 

'Phe great contraitum which must take place in drying articles which have been 
moulded from clay in the moist state is ollogethcr prevented, and coiiHequently all 
iiueertaiiit) in the extent of that contraction is avoided. 1 lies, tesserse, and other 
articles ure now made by this machine; and very beautiful paieinents are con- 
structed. excelling the finest works of the Homans in form, in colour, and in all the 
mechanical conditions. 

It will bo evident that any pattern can be impressed upon the clay by having a 
nioiihl niili the pattern in reiiel upon if. In some cases the coloiireil clay is placid 
in the depressed portions of the tile before firing at all ; in others, it is siibjecteil to 
the first firing before the coloured clay is introduced. In either case, the second or 
coloured clay, for the production of the kind of tile called encaustic, is spread in the 
state of a cre.im, so as to fill the pattern, every truce being carefully remo\ed from 
the other part. See Tilkh. 

ENI)0(iRN()US. See Exooknoi'S. 

ENDOSMOSR. See Exo.sMOflx. 

ENGKAVINQ, a word derived from cv, m, and to graie or ict/te, is the 

art of executing designs or devices, upon metal, stones, and other hard substances. In 
the common acceptation of the word in the present day, it means the execution of 
such works on plates of copper or steel, for the purpose of obtaining from them im- 
pressions ill ink or some other colound fluid. Engraving, in the widest sense of the 
term, is the oldest of the fine arts ; at least, the Scripture s mention it before any 
reference is made either to painting or sculpture. In the Hook of Exodus, ch. xxviii. 
V. 29, we rea^lll^ ** Aaron shall bear tho names of the children of Israel in the 
breast-plate fiMpigment upon his heart ; *’ and again, in the same chapter, Moses is 
commanded to " tnake a plate of pure gold, and grave upon it, 1 ke the engravings of 
a signet, IJoliness tp the Lord.*’ Further on, in the 35th chapter of the same book, 
Moses speaks of Beaaleel, the son of Uri, as a man ** filled with the spirit of God, in 
wisdom, in understanding, and in knowledge, and in all manner of workmanship ; 
and to devise curious works, to work in gold, imd in silver, and in bra«8, and in the 
cutting of stones,'* &c. Of him and of Aholiah it is said,—** Them hath he filled with 
wisdoin-of heart, to work all manner of work of the engraver,” &o. &o. Thtse 
extracts will suffice to show the antiquity of the art of incising, or catting hard 
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•tibstiooee; whctlier or not it had its origin at a period anterior to the time of Moica 
there is no record, but it ia not iiyprobable that the Israelites acquired some knovledgo 
of the art from Uie Egyptians during their lengthened captivity, an assumption 
strengthened by the fact that numerous specinions of hieroglyphic engruvingt on metal 
plates and on stone, have been discovered in Egypt and brought to this country : 
their dates, however, have not, in all casi's, been ascertained with certainty. 

It iBunnece 88 .ir 3 r to trace back all that might be written respecting the state of this 
art among the nations of antiquity in its various applications ; hut ns an example of 
its adoption for ii purpose altogether practioiil, a passage Mroni Herodotus may Iw 
adduced. This historian, referring to a i^riod about 600 > ears before the Christian to n, 
Siiys : — ** Aristngoras exhibited to the king of Epatta a tablet. <»r plate, of brass, on 
which was inscrilK^d every part of the habitable world, the seas, aud the rivers or, 
in other worda Aristagora.<i. who was n native of Cuma, had in his possession a 
metallic map. Moreover, as it is intended (o limit this notice to the art of en- 
graving on steel or copper for printing purf^es, we pass over thoM* braiielies or 
fleparlments of the art that relate to dic-sinking, scal-engraving, and engraving (mi 
coins, the latter a common process with the ancient Britons aud Saxons, who ^sis 
according to the opinion of many modern antiquarians, used to ornament their 
weapons of war with designs cut by the graving' tool. 

The transition from all previous metht^b of engraving, to that which In some degree 
assimilates to what ii now practised os the result of the discovery of printing, has lieen 
thus described by the late Mr. Landseer, who quotes an earlier writer, Mr Strutt : — 
** Soon after iheoonqiiebt (though, from other information, I think it must have been 
at (he h ast v5a years from that memorable era) a now species of engraving, entirely 
iliiferent from the mingled w oik of the engraver, goldsmith, and rhoser, which bad 
preu*dcd it, w,is introdueod into, or invented in, EugFaud, of which there fs scarcel}'^ 
.tn old eountry church of any consequence, hut aUunlH some curious specimens, and 
Ktiglnnd more than any other nation in Europe. The brass platts on our old 

jmlehral uioniiineTits are executed entirely wiih the graver, the shodows being 
« xprchSiHl b) lines or strekes, strengthened in proportion to the re<|iiircd depth of 
shade, and uocabionally crossed w ith other lines a second and, in some instances, a 
third time, precisely in the same manner as a ci>ppi‘r plate is engraven that is in* 
tended for producing impressions. These engraved etligies are commonly found ou 
those horizontal tombstones whh h form part ofthepnveinent within the churches; and 
the feet of the congregation, which kept the lights bright by friction, filled the iu- 
eisiims with dust, an<l thus darkened the shades: very neat or exquisite workmanship 
is not therefore expected ; yet some of them b(‘»r no small evidence i>f the abilities 
of the monks, or other workmen, by whom they were performed.” Impressions, 
technically celled ** rubbings,” arc taken from these monumeiitnl brasses by antiqua- 
rians, for the purpose of illustrating a orks in archtcology. The pnxscss is siniplo 
enough ; a sheet, or sheets, as may be required, of white paper, sufficiently large to 
cover the brass tablet, are laid upon it; -these are then rubbed over with a lump of 
** shoeni.iker*s heel ball,” n composition of wax and lamp-black, which leaves on the 
paper ail impression of the raised portions of rhe metal. 

The fifreenth century, which must always be considcn>d os the dawn of universal 
light and knowledge, gave to the world the art of priming, and from this inveniiou 
arose a new era in the art of eiiCTaving: the eailiebt method of printing, both books 
and illustrations, was, as is described under the article Wootl Engraoiny^ from engraved 
blocks or tablets. It seems singular that, though engraving on various metuls had 
iK'cn practised long before that on wood, no attempt had ever been made to obtain 
impressions from the plates ; like many other important discoveries, this is said to he 
the result of accident. Vab.jri, the historian of Italian art, says that, in the year 1460, 
Muso, or Thoniaso Finigiiori'n. a Florentine goldsmith, chanced to let fall a small 
engraved plate, on which, as was customary with engravers, he had nibbed a little 
charcoal and oil, that he might the bettor see the state of his work, into some melted 
sulphur, and observing tliat the exact impression of his engraving was left on the 
sulphur, he repeated the experiment, by passing a roller gently over it It was suc- 
cessful, and Fiiiiguerra imparted his discovery to Baldini, also a goldsmith of Florence, 
by whom it was communicated to mhers. But the most probable origin of the art of 
printing from nietallic plates, is that which is attributed to the early Italian workers 
in or inlaid modeling work, an art used for ornamenting table utensils, swords, 
armour, &c. : this art oonribted in cutting or engraving the required design on silver, 
and filling up the incisions with a black composition, said to be made of silver and load, 
witieh, from its dark colour, was called by the ancients nigeffum, abbreviated by the 
Italians into fiiW/<>; this mixture, when run intotbe engraved lines, produced a regular 
effci t of chiar-iMcuro in the cut ire work. From these engraved plates ot objects, the 
artists in ar>//o, who were the goldsmiths and silversmiths of that pcfiod,-were accus.> 
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tomcd to takf impreniont, by mnoking the metal, and then, after cleaning the smooth 
surface with oil, impressing upon it a piece of damp paper. From such un origin, or 
Ooiii some other very similar to it, undoubtedly, came the art of chalcography, or 
plate-printing, and it is equally certain, that the art of engraving with the 6«ria, or 
IIS it IS now called, ** line engraving/' arose in the workshops of the gold and silver* 

siiiiths. 

'I'hc practice of making paper from rags, without which the former art would have 
proved comparatively useless, had been adopted generally throughout Biiropc towards 
the end of the fourteenth century, whereby the chief obstacle to printing was removed. 

Not very long afrer the discovery of plate -printing, the engr ivers, separating them- 
Nclves from the manufacturing goldsmiths and chasers, formed thenselves into a dis- 
tinct bud}, opened schools fur pupils, and took up their rightful position among the 
artists of the time. 

hilly and Germany have each contended for the honour of being the first discoverers 
of the art of printiiig from engraved plates, but the best authori tics give to the former 
country the priority of claim, though the Germans, to whom the printing preis was 
curliest known, soon snrpussed their rivals, both in that art and in engraving : but thi y 
hu'e not always maintuiued the wiperiorily. 

The prineipal haliuii engravers, conteni|K>rary with, or immediately following l iui- 
giierra, were llaldini, Bottieelli, and Andrew Mantegna t in Gennany, the naiue» of 
Martin Si'libn, who be^un his career about the year 14(10, aad engraved ins own com- 
positions, Israel Van Mccheln, Ijeydenwtirf, and Wolgemup, stand prominently forward; 
blit it was not lill the coiiimcficeincTitof the sixteenth century, that engraving occupud 
a hi^i posiiioR mining the arts of either country Singularly enough. Italy, (lerniupy, 
and Holland, produced each an ebgraver. whose wtirks to this day arc held in the 
highest estimation; while Marc Antonio Iluiinondi (horn at lloiognu, in I4H8;, and 
Albert Purer (born at Nuremberg, in 1471), were respectively practising the art in 
Italy and Germany, Lucas Van Leyden (born at Leaden, in 14'J4) disputed in the 
1.0W Countiies the palm with these distinguished competitors. As these artists have 
ever been considered tlie patriarchs of engraving, a few words respecting the merits of 
each may not irnppropriately be introduced here. 

Travelling to Venire for improvi'inent, Marc Antonio saw there some prints, by 
Albert Purer, of the lile of the Virgin ; these he copied with tolerable fidelity ; he soon, 
however, quitted Venice, and weut to llotiic, where he made the acquaintance of 
RalTaelle, a large nuinber of w hose works he engraved. The purity of bis outlines/* 
says Bryan, ** the beautiful diameter and expresbioii of his heads, and Cbe correct 
drawing of the extremities, establish his merits as a perfect master of design." Mis 
works frequently exhibit a deficiency iu reflex light and hamionv of chiar-owurof and 
he appears to have been ignorant of the principles of rendering local colour, or tints, 
in the abstract ; neither did he attempt, or else was unable, to express the various 
textures of substances : these arc, however, minor defects by comparison, and may 
easily be excused when the state of art generally at that period is taken into account. 
** Rafl'aelle,” says Landseer, was Marc Antonio's object ; and the blandishments, the 
splendour, and the variety which would have been indispensably necessary to the 
translation of Gorreggio or Titian, were not called for here.** 

Albert Purer, the head of the German school of engraving, laboured under disad- 
vantages with which the artists of Italy had not to contend : the latter hud frequently, 
if not constantly, the graceful forms and flowing outlines of antique sculpture made 
familiar to them : and hence their works exhibit, even from the earliest time, much 
greater elegance of manner, and refinement iu execution, than those of Germany. 
*i'be engravings by Purer, whom IjUndseer supposes to be the first who corroded his 
plates with or/iMi^/brhVr, jiartake largely of the stiff, dry, and gothic manner, peculiar 
to the country and the period, and which to this day is more or less discernible in 
German art. If Purer had been so fortunate as to have had the pictures of Rafl^elle 
to engrave, he would doubtless have left the world prints of a very different character 
than those we now see : we should have had more grace of expression, and fiw^om 
of lines, but less originality in the style of executiop, and, probably, less vigour. 
Purer engravec^nly his own designs, and his faulfh or defects were those of his 
time ; but, not^lhatanding Ids Gothic bondage, nothing that has ever appeared in 
more recent periods, surpasses, in executive excellence, bis ** St Jerome seated in a 
Room;*' here all the objects are rendered with a fidelity, that only the camera could 
emulate. That very remarkable and mysterious composition known as ** The Death's 
Head," is also a masterly example of execution : the helmet, with all its pomp of 
heraldic appendage, and the actual and reflex lights on iu polisW surface, are 
characteristically, though minntely, expressed : the skull is accurately drawn, and 
iu boD^ Bubsunoe unmistakably described. The head of the Satyr, with iU beard 
and wild redundance of snaky tangled hair, has considerable and well-managed 
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breadth of lipht and shade : the dra|K*ry of the female, quaint as it is in style, is not, 
as we see it in Durer’s other works, iiuVd, stiff, and formal, hut relaxes into freedom 
and simplicity, and has quite a silky texture ; in fact, it approaches very nearly to 
what we now call '* picturesque composition of forms, and light and shade.** Durer's 
etching appears to have been bitten in, or corroded with the acid, at once. He seems 
either not to have known, or did not care to practise, the process now adopted, of 
** stopping out,*’ for the purpose of producing gradation of shade. The admirable 
wood engravings by this artist are referred to b ^eir proi>er place. 

The works of Van L4*yden. the Dutchman, are even more gothic in taste and atyle 
than those of Durcr. with whom he is said to hare been intimately acquainted : they 
evhihit the same amount or degree of stiff, angular drapery, as much, perhaps 
even more, inattention to grace and dignity of form, without hia fertile ininginatioa. 
his occasional vimur, and his truthftil observation of individual nature. Uia execution 
is neat and clearly defined, but hia plates are deficient in firmnesa and harmonious 
effect, aiid his lines are witiiout variation in substance ; those that represent near 
objects, and those that express objects at a distance, are equally fine and delicate ; hence 
the monotony apparent in his prints. They are almost entirely sacred or legendary 
subjects, from his own designs; among the finest are ** The Temptation of 8t. Anthony,'^* 
engraved in 1509, when he was only thirteen years of age ; ** The Crucifixion," and 
the ** Adoration of the Magi.** 

It would he beyond the province of this notice to record the progress of the art 
through the continental schools till it took root in England; yet a short history of its 
introduction and growth on our soil, may not be considered out of place. 

Until the middle of the last century, neither painting nor engraving had attained 
any emiitciice in this country ; the latter art, especially, was practfsed chiefly by 
foreigners, as Hollar, 8iinon, Vaillant, Klooteling, &e. ; previously to whom we hud, 
of our own countrymen, Faithorue, an admirable engraver of portraits, Payne, White, 
and one or two others of inferior merit ; but, with the exception of Faithorne, none 
whose vorks are now held in much esteem. The encouragement afforded by Gcorga 
III., almost as soon as he ascended the throne, to the line arts generally, and the 
establishment of the Royal Academy, which offered to artists a position in the country 
they had never before lield, gave an impulse to every section, or branch, of art pro- 
fessors. Hogarth’s name had, however, become widely known many years before : 
his numerous platet, all of them from his own designs, are to this day 'much sought 
afrer, not so much, perhaps, for any especial excellence as examples of fine engrav- 
iiigs, as for the talent and genius which the subjects display. ** Ilonrth composed 
comedies as much as Moliere,'* was the remark of Walpole : he died just as art was 
beginning to he recognised and patronised m England. Francis Yivares, a French- 
man by birth, but long settled in England, where he studied the art under Chatelain, 
carried landscape-engraving to a hi^ point of excellence ; some of his prints after 
pictures by Claude and Caspar Poussiq, exhibit remarkable freedom in the foliage 
of the trees, and truth in the texture of the various objects introduced in the 
landscape. Woollett, luirn at Maidstone, in Kent, who died in 1785; and Sir 
Rfibcrt Strange, a native of one of the Orkney islands, who died in 1798, ad- 
vanced the art still turthcr ; indeed, it is a question whether engraving has ever 
found more able exponents than these two distinguiabed men ; the latter engraved 
several portraits, which have rarely been surpassed at any period in the history of 
art. The works of both these engravers are characterised by hold and vigorous 
execution, produced by the combined use of the etebing-nesdie and the graver. 
Cotemporary with these, or their immediate successors, were Browne^ who some- 
times worked with Woolleit, Bartolosai, Hall, Hooker, Gnien, By land, Watts, Sharp, 
McArdell, Smith, Earlom, &c. ; all aided, by their proficiency, to nphold the honour 
of the art ; while John Landseer, father of the living painters, Raimhach, Eoffleheart, 
Pye, and John Burnet, — the last two yet with ns, — may he regarded aa the chief 
connecting linka between the past generation and the present 

Engraving on metal plates may be classed under the following heads: — Etching, 
fine, menotinto, chalk, atipple, and aquatint. Before describing the processes of work- 
ing these resp^ive kinds, a notice of the inatruments used hy the engraver is neces- 
sunt These, with some modifications, are employed in all the styles. 

'rhe ctehing-poinU or needU, is a stout piece of steel-wire inserted into a handle t two 
or three, varying in thicknen, are requlaite, and Uiey should be frequently and catn- 
fully sharpened. Tbic U beet done hy taming the needle round in the fingers while 
rubbing it on a hone, and afterwards on a leather ctrop prepared with putty powder, 
or on an ordinary rasor-strop, to take off any ronghness, and to miM it perfectly 
round. 

The drjf^pomi is a similar instrument, need for delieate linet: it most he sharpened 
on the hone till a fine conieal point ie obtained. 
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The grauTt tit hurin^ if thf prinoiiuil in&trQoicnt employed in engraving : several 
are requiredi dilTfriog fipom each other in form, from ihe extreme lozenge shape to the 
•qwtre; the former being used for cutting dne lines, the latter for broad: the graver 
dta into a handle about five inches and a half long, and it should be vcll-tempered 
before using, an operation requiring great care. The angle at the meeting of the two 
lower sides is called the and the breadth of the end, the face. To sharpen the 
fonner, lay one of the flat sides of the graver on the oilstone, keeping the right arm 
tolerably close to the side, and rub it firmly s next rub the other in the suinc way : 
the face is sharpened by holding it firmly in the hand, with the belly upwards, in a 
slanting direction ; rub the end rather gently on the stone, at an angle of about forty- 
five de||ree8, taking care to carry it evenly along until it acquires a very sharp point: 
this being done, hold the engraver a little more tipright to square the point, which a 
very few rubbings will efPect. The graver for Ihic woik must be sliglitly turned up, 
to enable tbe engraver to run it along the plate ; otherwise the first indentation he 
makes on the metal would cause his iostrument to l>ccomc fixed : the graver for 
atipple should be sliglitly turned down, to make dots only. 

'J'he scrrrper, which should have three lluted sides, is used for taking off the burr 
lefi by the action of the needles on the metal. 

The burnialter is employed to soften lines that have been bitten in^ or cngrnvi'd too 
dark, and to polish the plate, or get rid of any scratches it may accidentally have 
received. 

The (lubber used to lay the etching-ground evenly, Is made by enclosing a small 
quantity of fine cotton wool very tightly in a pit-ce of silk, the threads of which 
should bo, as miudi as possible, ot uniform thioknesM. 

There are a few other materialH which an engniver should have at hand, hut they 
arc not of sufficient imiiortance to lie nieutiont'd here ; wc may, however, point out 
what is tcchuically called a bridge^ which is nothing more than a thin hoard for the 
hand to rest on ; it should be sniootbiy planed, and of a length and breadth in pro- 
portion to the size of the plate; at each end a small piece of wood should he fastened 
to raise it above the plate when covered with wax. A bUnd^ made of tissiie-pnper 
stretched upon a foaim*, ought to be placed bctwecfii the plate and the light, to enable 
the oiigriiver to see his work on the metal with greater facility and clearness. 

In describing the processes of engraving the vj.rious styles enumerated above, little 
more than a general outline of each method can be given, yet suificient, it may he 
presumed, to show tbe nature of thcopenitiou: to narrate all the details that might 
be included in the nihjcct would supply matter enough for a Binall volume. 

Etching may be classed under two heads ; that which is made the initiatory process 
in line-engraving, and that which is known as painta's etching : the latter was prac- 
tised to sonic extent by very many of the old painters, particularly those of the 
Dutch school ; and it has al^o recently come into fubhion with many of the artists of 
our own day, but more for amusement, however, than for any other purpose ; in 
bpth cases the method of proceeding is alike. Etching is the result of a chemical 
pHM'ess resulting in corrosion of the metal on which the design has bten laid down, 
or transferred, in the following maum r. The plate must first be covered with a sub- 
stance already spoken of ns etching gi'ound, which may be purchased of most of the 
principal artists’ colourmen, but many engravers make their own : the annexed 
receipt has been handed to us by Mr. 0. W. Sharpe, who has engraved some of the 
liirgebt steel-plates published recently, as that which he always uses : — 

Parts 


Black pitch ---------1 

White wax 1 

Burgundy pitch 

Asphaltuin I 

Gum mastic ---------I 


Melt the first three ingredients over a slow fire in a pipkin, then add the other two 
finely powdered, stirring the whole together all the time ; when well mixed, pour it 
into warm wate^nd moke it up, while warm, into IhAIs ; if too soft, a little less wax 
sliould be usefllPDare must be taken not to let the mixture burn during the process 
of making. 

The etching- ground resists the action of the aqua-fortie. It should be tied np in a 
piece of strong silk, and applied thus, which is called laying ihe gntund : — Take the 
'plate firmly in a small hand vice*, bold it, with the polished face upwards, over a 
charcoal fire that it may not get smoked, till it is well, but not too much, heated: rub 
the etching-ground, in the silk, over the plate till it is evenly covered ; the wax, 
melting ^ith the heat, oozes, through the silk. To effect a more e<|ua1 distribution 
of the ground, take the dabber and £ib the p’ate gently all over, till it appears of an 
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uniform colour ; continue the dabbing till the plate bcgina to cool, but not longer. 
The ground is then blackened Ity being hold over the smoke of a candle, or two or 
three tied together, — wax is far preferable to tallow ; keep the plate in motion, so 
that ever^ part be made equally dark, and also to avoid injury, by burning, to the 
composition ; when cold the plate is ready to rec* We the design. To transfer this, a 
very correct outline of the subject is made with a btackdead pencil on a piece of thin 
hard paper: fasten the tracing, cr drawing, at the top edge, wnh its fMe downwards, 
on to the etching-ground, with a piece of hanktng>wax, described hereafter, and bv 
passing it through a printing-press — such as h used by plate printers, to whom it 
should be taken — the drawing is trant&ntd to the pround. The bridge being laid 
over the plate, the process of etching may now be ^mmenceil : the points, or m edies, 
which arc used to complete the design, remove the ground iVom the metal wherever 
they pass, and expose the latter to the action of the acid during the process of what 
is termed biting in. The needles with the most tapering points should be usid for the 
skies and distances, changing them for others for the foreground, winch generally re- 
quires broader and deeper lines. Any error that has been made may be remi died !y 
covering the part evenly with the etching-ground moUifted by spirits of turpentino* 
using a camors hair pencil fur the purpose ; and, when dry, the lines may be re- 
etched through it 

The next operation is that of biting in, performed thus : — A wall or border of bunk~ 
ing-wax is put round the edge of the plate : this wax, called sometimes bordering wax, 
is made by melting over a slow Are. in a glazed pot, two parts of Burgundy pitch, and 
one of bees-wax, to which is added when melted, a gill of sweet oil *, when cold it is 
quite hard, but hy iiuinersion in wunn water it bcoonies soft and ductile, and must ho 
apidied lu ihin state ; it will adhere to the metal by being firmly pressed down with 
the baud : the object in thus l>anktng up the plate is to prevent the escape of tho 
acid which is to bo nppltcd } but a spout or gutter must be left at one corner to pour 
off the li(|uid when neeesaary. Mr, Fielding,^ to whose work on the art of engraving 
we arc iiiUcbted for some of the practical hints here adduce^ availing ourselvis, 
however, of the imiiroveinents introduced into modern prncti(‘c, — recommends tho 
following mixture an the best “ Frocure some strong nitrous a(‘id, and then mix, in 
a wide mouthed bottle one t>art of tlie acid, with five parta of water, adding to it a 
small’quantity of snl ammouiac, in the proportion of the size of a hazel-nut to one 
pint of acid, when mixed fur biting. The advantage of usin^ the sal ammoniac is, 
that it has the peculiar property of causing the aqua fortistobite more directly down- 
wards, and Kss laterally, by whicli means lines laid very closely together are less 
liable to run into each other, nor does the ground so readily break up." When tho 
mixture is cool — for the acid becomes warm when first mixed with water — pour it 
on the plate, and let it continue th<Te till the more delicate lines are presumed to be 
corroded to a sufiicient depth ; this will probably be in about a quarter of an hour ; 
sweep off the bubbles as the^y appear, on the plate with a camcFs-hair pencil, or a 
feather ; then pour off the acid through the gutter at tho corner, wash the plate a ith 
warm water, and leave it to dry. Next, cover those parts which are sufficiently 
bitten in with Brunswick black, applying it with a eamel's-hoir pencil, and leave it to 
dry ; again put on the acid, and let it rciimin twenty minutes or half an hour, to give 
the next degree of depth required ; and repeat this process of Htopping out and biting 
in, until the requisite depths arc all attained : three bitinye are generally enough for a 
painter's etching, Tlic work is now complete, unless the graver is to be used upon it, 
nud the banking wax may be removed, by slightly warming the margin of the plate ; 
and, finally, wash the latter with a son rag dipped in spirits of tnrpentine, and 
rubbing it with olive oil. If, when the plate is cleaned, the enmver finds that the 
acid has acted as lie wishes, he has secured what is technically termed a good 
bite." 

Steel plates require another method of biting~in, on account of their extreme hard- 
ness, and Bability to rust ; the mode just described is applicable only to copper, 
the metal generally used by painters for their etchings. For steel plates mix 
together 

PArta 


Pyroligneous acid i 

Nitric acid ---1 

Water 


This mixture should not he allowed to remain on above a minute ; let It be washed 
off at once, and never use the same water twice ; the ^late must be set up on its edge, 
and dried as quickly as possible to avoid rust ; the acid may be strengthened where 
a stronger tint is required. 

Pebitingt a process foequeutly adopted to increa&e the depth of tint where it is rc- 
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quired, or to rmir tnj portion of that hai been worn by printing or acci- 

dentally injuredf is thua performed. The plate muit be thoroughly cleaned, all traces 
of grease removed, by washing it with spirito of turpentine and potass, and polished 
wiUi whiumiiig; it is then, when warmed over a charcoal fire or with lighted 
paper, ready for receiving the ground; this is laid by using a dabber charged with 
etching-ground, and carefully dabbing the surface ; by this means the surface of the 
plate only is covered, and the lines already engraved are left clear ; any part of the 
plate that it may not he necessary to re&i7c, must be s^ped out with Brunswick black, 
and then the acid may be poured over the whole, as in the first process. 

Etching on aoft ground is a style of engraving formerly much practised in imitation 
of chalk or pencil drawings ; since the ii|gt>duction of lithography, however, it has 
been entirely abandoned. The soji grouna is made by adding one part of hog's lard 
to three parts of common, or hard, etching-ground, unless the weather be very warm, 
when a smaller quantity of lard will suffice ; it should be laid on and smoked in the 
manner already described. Mr. Fielding gives the following method for working on 
it “ Draw the outline of your subject ftiintly on a piece of smooth thin writing 
paper, which must be at least an inch larger every way than the plate ; then damp it, 
and spread it cautiously on the ground, and turning the edges over, paste down to the 
back of the plpte ; in a few hours the paper will be dry, and stretched quite smooth. 
Hosting your hand on the bridge, take an H or HU pencil, and draw your subject on 
the paper exactly as you wish it to lie, pressing strongly for the darker touches, and 
more lightly for the delicate parts, and, accordingly as you find the ground more or 
less sof^ which depends on the heat of the weather or the room you work in, use a 
softer or harder penoU, remembering always that the softer the ground the softer the 
pencil " (should be). ** When the drawing is finished, lift up the paper carefully Irom 
the plate, and wherever you have touched with the pencil, the ground will stick to 
the paper, leaving the copper more or less exposed. A wall is then put round the 
margin, the plate bit in, and if too feeble, rebit in the same way as a common etching, 
using hard etching-ground for the rebite.” 

Lino engraving unquestionably occupies the highest place in the category of the art ; 
and, taking it as a whole, it is the most suitable for representing the various objects 
that constitute a picture. The soft, pulpy, and luminous character of flesh ; the rigid, 
hard, and metallic character of armour ; the graceful folds and undulations of draperies, 
the twittering, unsteady, and luxuriant foliage of trees, with the bright yet deep-toned 
colour of skies, have by this mode, when practised by the best engravers, been more 
successfully rendered than by any other. The process of line-engraving is, first, to 
etch the plate in the manner already described, and afterwards to finish it with the 
graver and dry point. An engraver's etching differs from a painter's etching in that 
every part of the work has an unfinished appearance, though many engravers, espe- 
cially of landscapes, carry their etchings so far as to make them very effective : 
engravers of historical and other figure subjects, generally, do little more than etch 
the outlines, and the broad shadowed masses, or colours, of the draperies; the flesh 
being entirely worked in with the burin^ or graver : no definite rules can be laid 
down as to the extent to which the etching should be advanced ere the work of the 
tool commences, as scarcely two engravers adopt the same plan precisely: much 
must always depend on the nature of the subject. Neither would it be possible to 
point out in what particular way the graver should be used in the representation of 
any particular object : this can only be learned in the studio of the master, or by 
studying the works of the best engravers : as a rule it may be simply stated, that in 
making the incision, or line, the graver is pushed forward in the direction required, 
and should be held by the handle, at an angle very slightly inclined to the plane of the 
steel or copper plate : the action of the graver is to cut the metal clean out 

Within the last few years an instrument, called a ruling machine^ has been brought 
into use for la>ing in iaX tints in skies, buildings, and objects requiring straight, or 
slightly curved lines : considerable time is saved to the artist by its use, and more 
even tints are produced than the most skilftil handiwork, generally, is able to effect ; 
but to oounterbalaneo^ese advantages, ftwedom is frequently sacrificed, and in 
printing a lar g^n umber of impressions, the machine-work, unless very skilftilly 
ruled in, is apfflo wear, or to become clogged with ink, sooner than that which is 
graved. 

Mezzotinto tmgraoing is generally snpix»ed to owe its origin to Colonel Ludwig von 
Siegen, an officer in the service of the Landgrave of Hesse; there is extant a portrait 
by him, in this style, of Amelia, princess of Hesse, dated 1643. Von Siegen is said 
to have communicated his invention to Prince Rupert, to whom many writers have 
assi^ed the credit of ownating it : there are several plates executed by the Prince 
still in existence. It di£rs ftom every other style of engraving, both in ezeention 
and in the appearance of the impression which the plate yields : a meaaotint engraving 
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reRemhlef a drawing done in washes of coloar, bj means of a camelVhair pencil, 
rather than a work executed with any sharp pointt'd instrument : but a pure meazo- 
tint engraving is rarely produced in the present day, even for portraits ; the advan- 
ta^g derived from combining line and stipple, of which we shall speak presently, 
with it, to express the different kinds of texture in objects, have been rendered so 
obvious as almost to make them necessary * this combination is termed the mued 
niylc. The distinguishing excellences of nicszotint are the rich depth of ita shadows, 
an ex(|uuiite softness, and the harmotiious blending of light and shade t on the other 
hand, Its great defect is the extreme coldness of tlm high lights, especially where they 
occur in broad masses. 

'J'he instniments used for this kind of woHt are, hunisitWs, srraperjr, tkatUng 
rnufettea^ and a cradle^ or rocking tOi>l The burnisher and scraper differ in form from 
thobc already described : the roulette is used to darken any part which may have been 
scraped away too much t it ought to he of diflbreut sizes : the cradle is of the same 
form as the shading tool, and is used for the purpose uf lajing grounds. 

1 'lic operation of engraving in uiezzotiiit is precisely the opposih* of that adopted 
in all other styles ; the processes in the latter are from light to dark^ in the former 
from dark to hght^ and is thus effected. A plate of steel or copper is indented all over 
Its face by the crad/c, an iiiptrument which somewhat resembles a ehisid with a toothed 
or serrated edge, by which a burr is raised on every part in such quantities that if 
filled in with ink, and printed, the impression would exhibit a uniform mass of deep 
black : this operation is called laying the ground i it is performed by rocking the cradle 
to and fro, and the directions, or mays, as the engravers call them, are determined by 
a plan, or scale, that enables the engraver to pass over the plate in almost any number 
of directions without repeating any one of them. When an outline of the subject 
has beeu first etched in the ordinary way before the ground is laid, the engraver pro* 
ceeds to scrape away, and then burnish the highest lights, after which the next lightest 
paits are similnrly treated, and the process is repeat A after this manner till the work 
18 finished ; the deepest shades are produced from the ground that is left untouched. 
There is, however, no style of engraving for the execution of which it is so difficult 
to la/ down an> definite rules, for almost every engraver has his own method of 
working. 

( 'hath or Hippie engraving, for the terms are synonymous, is extremely simple. 
The plate has first to be covered with the etching ground, and the sulject transferred 
to it in the ordinary way : the outline is then laid in by means of small dots made 
with the stipple graver *, all the darker parts are afterwards etched in dots larger and 
laid closer together. The work is then bitten in with the acid ; and the ground being 
taken off, the stipple graver most again be taken up to complete the operation ; the 
light parts and the dark are respectively produced by small and large dots laid in 
more or less closely together. Stipple is well adapted for, and is ofien used in, the 
representation of flesh, when all the other parts of the subject are executed in line : 
hence it is very frequently employed in portraiture, and in engravings from sculpture. 
Chalk engraving is simply the imitation of drawings in chalk, and is executed like stipple, 
only that the dots are made with less regularity, and less unifomity of size ; in the 
present day, the two terms are generally considered as expressing the some kind of 
work. 

Aquatint engraving^ which represents a drawing in Indian-ink or bistre even more 
than does mezzotint, has been almost entirely superseded by lithognphy, and still 
more recently by chromo-lithography ; and there seems little probability that it will 
ever come into fashion again. This l^ing the case, and as any detailed description 
of the mode of working would, to be of any service, occupy a very considerable space, 
it will, doubtless, be deemed sufficient to give only a brief ontline of its character and 
of the mode of operation; this we abbreviate fr^ the notice of Mr. Fielding, for- 
merly one of our most able engravers in aquatint The process consists in pouring 
over a liighly polished copper plate a liquid composed of resinous gum, dissolved in 
spirits of wine, which latter, evaporating, leaves the resin spread all over the plate in 
minute grsins that resist the action of the aquafortis, which, however, corrodes the bore 
surfkce of the copper that is left between them : this granulated surface is call^a ground. 
The ground having been obtained, the margin of the plate should be varnished over, 
or stopped out, and, when dry, the subject to be aquatiuted must be transferred to the 
plate, either by tracing or drawing with a soft black-lead pencil, which may be used 
on the ground with nearly the same facility as paper; if the former method be adopted 
the tramng must be carefully fastened down to the copper by bits of wax along the 
upper edge. A piece of thin paper, covered on one side with lamp-blaek and eweet 
ou, is placed between the tradng and the ground, with the coloured side downwardi, 
and every line of the sulgect must be passed over with the tracing point, neing a 
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moderate prewure. The tracing being finished and the paper removed, a wall of 
prep.ired Max, about three quarters of an inch high, most put round the pbtc, 
with a lurg<‘ spout at one corner, to allow of the acid running off. 

The plate is now ready for use ; and the completion of the design is commenced by 
Rtiipping out the highest lights on the edges of clouds, water, &,c , with a mixture of 
oxide of hismnth and turpentine varnish, diluting it with spirits of turpentine till of a 
]iroper cons'stence to work freci}. Next pour on the acid, composed of one part of 
strong nitrous acid and five parts of water; let it remain, according to its strength, 
from half a minute to a minute, then let it run off, wash the plate two or three times 
with clean water, and dry it cnrcfull} with a linen cloth. This process of stopping 
out and hiting in is continued till the work is complete ; each time the aquafortis is 
applied a fresh tint is produced, and as each part snccessivelj becomes dork enough 
ii IS stopned out ; in this manner a plate is often finished with one ground bitten in 
ft n or twelve times. We w'ould recommend those who may desire to become thoroughly 
nequniiited with this very iiitcresMng jet difficult mode ofengr.iving to consult Field- 
ing’s Art o f Engraving. 

A few remarks explanatory of the method of printing steel or copjier plates seem lo he 
inscjiarnhle from the subject’ Tlie press used lor the purpose con'sists of two eylindtrs 
or rollers of wood, supported in a strong wooden frame, and movable at their ni.es. 
One of those rollevh is phieed just above, and the other immediately below', the plane 
or table upon which the plate to he printed is laid. The up[wr roller is turned round by 
means of cogged whetdb fixed to its oxis. I’he plate being inked by a printer’s inking- 
roller, nn operation requiring great care, the paper which is intended to reeeive the 
inipreasion is placed upon it, and covered with two or three folds of soft woollen stuff 
like blanketing. I'liese are moved along the table t > the spot w'bere the two rollers 
meet ; and the upper one being turned by the h.indle fixed to the fly-wheel, the plate 
pusses through it, conveying the imprtssion as it moves ; the print is then taken off 
the plate, which has to undergo the same process of inking for the next and every 
feiieceediiiff impression. 'J'he pioo/i of an engraved plate aie always tiiken by the 
most skilful w irknien in a printing* estahlishment ; in the principal houses there aie 
gt'Dorally employed fiom two to six men, aecording to the amount of business traiis- 
aeted, who8( duty it is to print proof impressions only; they are called provrrs. A care- 
ful, steady workmin is not able to print more than fiom 180 to 200 good ordinary 
impresbionsfroin a plate, the snhjeet ol which oceuinos about seven inehesby ten melics, 
even in what is considered a Ion" dav’s work, th it is, about fourteen hours the /nurvr, 
fiom the exlromc e ire requiri'd in inking the plate, and fiom the extra time occupied in 
wii»'iig it, and preparing the liidia-]>aper, will do from tliirty to forty, uceoi ding as the 
subject of the plate is light or heavy . This difference in the cost of produclion, taking 
• also into account that the jnoofs are worked off ladbrc the pliile has become worn, 
even ill the least degree, and that very few proofs, compared with the ordinary prints, 
me generally struck off, is the reason why they are sold at a price so much greatei than 
the latter. 

Niitwithstanding the vast multiplication of engravings within the last few years, it 
is generally admitted, by those best acquainted with the pi esent state of the an, that 
it IS not in a healihy condition. The highcbt cl.iss of pictorial subjects — history, and 
the highest style of engraving > line, have given place to subjects of less exalted cha- 
racter, and to a mixed style of w ork, w hicb, however effective for its especial purpose, 
is not pure art. 'i'he pictures by Sir K. Landseer have gained for engravings of such 
subjects a popularity that has driven almost everything else out of the field, and have 
created a taste in the public which is scarcely a matter of national congratulation. We 
have engravers in tlie country oa])al>le of executing works equal to wliatever has lieen 
pri'dueed elsew here at any time, hut their talents are not called into requisition in such a 
way as to exhibit the art of engraving in its highest qualities. Publishers arc not 
willing to risk their capital on works Which the public cannot appreciate, and hence 
their windows arc filhd with prints, the subjeets of which, however pleasing and 
popular, are not of a kind to elevate the taste ; w hiie the conditions under which en- 
gravers gener^y arc compelled to work, offer but little Inducement for the exercise 
of the powers 4|heir command. Engfftving on copper is in the present day but rarely 
attempted ; formerly nothing else was thought of ; now the demand for engraving is 
bo great tliat copper, even aided by tlie electrotype, is insufficient to meet its require- 
^ ments. In consequence of the comparatively small numlier of impressions which it 
' yields, a copper-plate will seldom produce more than 5U0 or 600 good prints ; we have 
known a steel, with occasionally retouching, produce more than 30,000, when weU 
engraved, and carefully printed ; very much dei^nds on the printer, both with regard 
to the oxqcllence of the impression and the durability of the plate. The public demand 
ib for prints liotb large and cheap, and to obtaiu this result, the engraver is too* often 
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ol>ligod (o nacrifice those nnalitios of his art which under other circumstances bis work 
Mould exhibit. Such is the state of engravinpr with us now. There are few, even of 
tlic best artists we have, who by their utmost efforts can cam an income eijual to 
t!\at of a tradesman in a small but respectable way of business. This is an evil to be 
deplored, for it assists to deteriorate the art by forclnp; the engraver to labour hard for 
a innintenance, instead of placing him in a position that Mould enable him to exalt the 
art and his own reputation at the same time. 

A process of dcimsiting steel upon an engraved copper-plate has recently been brought 
over to this country from France. M. Joubert, a French engraver long settled in 
Kngland, has introduced it here ; be has informed us that a coppT-plate thus covered 
may be made to jidd aliuost any numlter of impressions, for as the steel coating be- 
comes worn it cun be entirely taken off, and a new deposit laid on wiibont injury to the 
engraving, and this may lie done several times; M Joubert baa repeated the experi- 
ment M ith the most satisfkctory results. He thus describes bis process in a commu- 
nication made to the Society of Arts, and printed in their journal : — 

“ If the two wires of a galvanic b.ittery be plunged separately into a solution of 
iron, having ammonia for its basis, the wire of the positive polo is immediately acted 
upon, while that of the negative pole receives a deposit of the inetiil of the solution — 
this is tlie principle of the process which we have named “uciera^." 

** 'J'he operation takes place in this way lly placing at the positive pole a plate or 
sheet of iron, and immersing it in a proper iron solution, the metal will he dissolved 
under the action of the battery, and will form an hydrocbloratc of iron, which, being 
roinbined with the hydrochlorate of ammonia of the solution, will become a bichlo- 
ride of ammonia an I iron; on n copper plate being placed at the opposite pole ard 
likewise imiuersed, if the sohitioii be properly saturated, a deposit of iron, bright and 
jierfcctly smooth, is thrown upon the copper-plate, from this principle : — 

“ Water being composed of hydrogen and oxygen : 

** S.d anunoniac being composed of : — 

“ 1st. Hydrochloric acid containing chlorine and hydrogen ; 

**Xnd. Aminonia, containing hydrogeti, nitrogen, and oxygen : 

“ 'J’he water is decomposed under the galvanic action, and the oxygen fixes itself 
on th(' iron plate, forming an o.\ide of iron ; the ocid hydrochloric ot the solution 
nclitig upon this oxide liccoincR a hyd'^ochlorate of iron, whilst the hydrogen preci- 
p'.tat4‘S itself upon the plate of the negative pole, and, unable to couihine with it, comes 
11 ]) to the surface of the solution in hubbies. 

* My invciitinn has for its object certain means of preparing printing surfaces, 
whether for intaglio or surface printing, so as to give them the property of yielding 
u considerably greater number of impressions than they are capahlc of doing in their 
ordinary or natural state. And the invention consists in covering the printing siir- 
faces, whether intaglio or relief, and whether of co])per or other soft metal, with a 
very thin and uniform coating of iron, hy means of clectro-mctallurgical processes. 
And the invention is applicable whether the device to he printed ff*om be produced by 
engraving by hand, or by tiiachiiicry, or by chemical means, and whether the sur- 
face printed from be the original, or an electrotype surface produced therefrom. J 
would remark that 1 am aware that it has bccu before proposed to coat type and 
stereotypes with a coating of copjicr, to enable their surfaces to print a larger number 
of impressions than they otherwise would do ; I therefore lay no claim to the general 
application of a coating of harder metal on to the surface of a softer one, hut my 
claim to invention is confined to the application of a coating of iron by means of 
electricity on to copper and other metallic printing surfaces. 

“ III carrying out tlie inveiitlon I prefer to use that modification of Grove's battery 
known as Hiinscn's, and 1 do so because it is desirable to have what is called an in- 
tensity arrangement, 'i'hc trough 1 use for containing the solution of iron in which 
the engraved printing surface is to he immersed in order to be coated is, lined with 
gutta perdia, and it is 4.*^ inches long, 22 inc'.es wide, and 82 inches deep. In pro- 
ceeding to prepare for work, the trough, whether of tlie size above mentioned or 
otherwise, is filled with water in combination with hydrochlorate ammonia (sal 
ammoniac) in the proportion of one thousand Ihs. by weight of water to one hundred 
lbs. of hydrocbloratc of ammonia, A plate of sheet iron, nearly as long and as deep 
as the trough, is attached to the positive pole of the batUTy and immersed in theaolu- 
tion. Another plate of sheet iron, about half the size of the other, is attached to the 
negative pole of the battery, and immersed in the solution, and when the solution has 
arrived at the proper condition, which will require several days, the plate of iron 
attached to the negative pole is removed, and the printing surface to be coated is at- 
tached to such pole, and then immersed in the bath till the required coating of iron is 
obtained thereto. If, on immersing the copper pla^e in the eolation, ii he not im- 
mediately coated with a bright coating of iron all over, the hath is not in a proper 
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condition^ and the copper plate if to be removed and the iron plate attached and 
returned into the iolntion. The time occupied in obtaining a proper coating of iron 
to a printinff aurface variea ft’om a varietj of cauaea, hot a workman after aome ex- 
perience and by careAil attention will re^ily know when to remove the plate from 
the aolution ; and it ia desirable to state that a copper plate ahonld not be allow^ to 
remain in the bath and attached to the negative pc^ of the battery liter the bright 
coating of iron begins to show a blackish appearanoe at the edges. Immediately on 
taking a copper plate from the bath ^eat care ia to be observed in washing off the 
solution from all parts, and this I believe may be most conveniently done by causing 
jets of water forcibly to strike against all parts of the aurface. The plate is then 
dried and washed with spirits of turpentine, when it is ready for being printed fh>m 
in the ordinary manner. 

** If an engraved copper plate 1 m prepared by this process, instead of a comparatively 
limited nunilMr of impressions being obtained and the plate wearing out gradually, a 
very large number can be printed off without any sign of wear in the plate, the iron 
coating protecting it effectually ; the operation of coating can be repeated as many 
times as rt quired, so that almost an unlimited number of impressions can be obtained 
ftom one plate, and that a copper one. 

“ This process will be found extremely valuable with regard to electrotype plates 
and also for photogalvanic plates, since they can be so protected as to acquire the 
durability of steel, and more so, ibr a steel plate will require repairing from time to 
time, these will not, but simply recoating them whenever it is found necessary ; by 
these means one electro copper plate has yielded more than 12,000 impressions, and 
was found quite unimpaired when examined minutely.*’ — J. D. 

ENGRAVING ON WOOD. The art of wood engraving is so intimately con- 
nected with that of book-printing, that it is impossible to dissever the one from the other, 
inasmuch as the earliest books were prin^ fh>m large woodcuts, the entire page, 
text, and illustrations being engraved in one solid block. Hence the term “ block- 
books " given to these ancient works. The impression from these engraved pages is 
generally taken in a thin ink, sometimes of a brown hue, which occasionally spreads 
or blots on the lines or letters ; and the printing is generally supposed to have been 
effected by friction on the back of the damped paper laid on the inked lines; the 
sheets so printed were afterwards pasted back to back, and thus formed oensecative 
pages of the volume. Such books originated from the large wood-cuts of a devotional 
class, which, in the early part of the l.'ith century, were spread by the tlergy among 
the common people, perhaps to counteract the evil produced by the use of playing 
cards, which were also printed in large sheets of cuts, and severed afterwards; but on 
this point typographical antiquaries are not agreed, as dates and other evidence arc 
wanting to enable us to flx either time, or place, to these early productions. The 
earliest wood-cut bearing a date is that belonging to Earl Spencer, and representing 
St. Christopher carrying the Saviour acrOM an arm of the sea; it has two lines of 
text beneath it, and the date 1423 thus expressed **millesimo cccc^ xx° tereio.”* 
The British Museum is possessed of some ve^ early single- leaf wood- cuts: one repr^ 
senting Christ brought before Pilate, is executed in bold coarse outline, the figures 
are very large, and retain the characteristic features of the draw ings seen in mauu- 
Bcripta of the Nth century. Another undated cut is one of those fanciful inventions 
which the scholastic men of that early da^ delighted in constructing; it is termed 
Turrit Saptencte, every stone of which is inscriiMd with the name of some moral 
virtue, the foundation buttresses being prudence, fortitude, justice, and temperance; 
the windows which give it internal li^t being discretion, religion, devotion, and con- 
templation. Another representing the seven ages of man, is supposed to be a work 
of the middle of the 15th century It was found pasted inside the covers of an old 
book, a practice which has preserved many specimens of old engraving which would 
else have been lost On the opp<Mite cover is a fragment of another large cut, repre- 
sentinff the Virgin with St Joachim and St. Anne. The St Christopher above named 
was ducovered in tl^oovev of a volume in the conventual library at Buxheim, in 
Suabia. All ihese oH wood-cuts, as well as the Mock books, are generally daubed 
with flat tintMlr coarse colour, supposed to have been done with stencil plates, such 
as the eaid paintera used on some occasions; but evidently rudely executed by hand 
in others. They are all precisely of the kind to attract the uneducated eye; and to 
this day similar coarse prints are used by the clergy to aid the devotions of the 
peasants of the Germank nations. 

• Much imereit wai excited tomt fntffn ago the dluravery of a cut in the llbra^rt Bnimli 19- 
parenUr bearing an earlUr date ; but strict InveitJgatlon has since proved that one of the C'a In the 6 m 
hiu been emitted j this makes Just one hundred yttn dlffsrence in its age. But Ae date thus ^Mmd la 

quite In accordant with the general character of the design and ezeeiiUon of the cut, which, OB the 
contrarj, do not at all agree with the earlier dide orIgliieUy assigned to to. 
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The mott celebrslad of the block books is that termed the Btblia Pauptntm. Each 
page is divided bj arohiteetoral compartments into three snhjeets, i!rom the Old and 
New Tltstament» selected to ibrm ** parallel passages ** of sacred writ ; above and below 
are other compartments with heads of the pmhets, and hi the intervening spaces, 
or upon scrolls, are explanatory inscriptions. The page measures 10 inches by 7(, 
and IS one of the moM elaborate works of its elau ( but it exhibits very small ^aipi* 
to attention as a specimen of art, certainly less than the CmiUiea Otniteomm, each page 
of which is divided horisontally into two pietores, with slight descriptive lines on 
scrolls I or the Apoea^fm Sameii Johumes, which is simllariv arranged, and In both 
of which we occasionally find mack power of drawing and amltty of grouping. The 
dates of these books can only be eoiotieetarally given, hot they are probably contem- 
porary with the 8t Ghf istopher, or but a m yeevs later. Judging from general 
cbaracteristios the AfoeaipptB seems to be the earliest The figures are executed 
entirely in oatline, with no attempt at shadoiM, which appear sparingly on the St 
Chnstoplier, and are very freely introduced in the CMiwk$, and ctiU more dhuntotly 
in the BibUa Paitperum These eflbcta are always prodneed by a series of short hnes 
laid parallel to each other, nor is any attempt made to enrich t^ meagre oUracter of 
the work by croesing the linee, as in more modem engravhm. Tim debate, which haa 
excited so many historians as to the place where printing fist had birth, hat included 
many doubts oonosrning the country where these old blodL-beoks were fabricated $ 
but nom the nrmorml bearings which appear on the shielda of some Sgurea in the 
Oaeilohi, Germany seems to be the oonntiy where that series was designed* j probably 
Flandemor Holland may claim the BitimPawatnm^ which doee not bear equal traces of 
refinement in art. The Sp^adum Humana SahMUimuM has been claimed for Laurence 
Coster of Usariem. This book was a eombination ef blook-book and movable t>pe, 
having long eats across the top of eaoh page, divided by columns into two subjects, 
with moveable types beneath. Tt is not nnosnid to meet with woodcut pages of type 
alone at this period; and books with such pag^ or with the addition of wood outs, 
were produced by ^e old engravers after the inventum of movable types ; but, as 
metal^east letters apeedily usurped the place of the wooden ones, the wood engravers 
seem to have soon eonfined themselves to the pictorial branch of the art 
The love of pictured illuitratlons of narrative history gave a permanence to the 
art of wood engraviiig, and the works printed in Italy, as well as those introduced 
into England by Ciutton, were adorned with cuts. They are, however, of the 
rudest kmd, with broad heavy lines, and were most probably produced from coarse 
pen drawings made on the snmee of the wood, and nieohanioally out by the engraver. 
Toward the close of the fifteenth century ** cross batching **(01 lines of shadow cross- 
ing each other are technically termed) la first seen, and in the Nurembnrg Chronicle, 
1498, they are freely used. The designers and enKravera of these euU^ perceiving 
the effect, which may be so readily obtained in wood enmving, by leavmg the wood 
untouched with the graver for solid masses of absdoi^ have avafled tbemsmves of it, 
and given stronger effect to their outs thereby. Michael Wohlgemuth and William 
Pleydienwurff were the designers employed; the former aitbt was the master of 
Albert Durer, who ultimately raised wood engraving to the highest pidnt of ex- 


eelienoe. 

Dnrer’s first great work was a series of sixteen large cuts illustrative of the 
Apocalypse* They were published in 1498, and attraeira great attention from the 
vigonr and strange originality of their design, and the artistio charaeter ef their treat- 
ment In 1611 another series of cuts was published at Nuremberg by Durer, 
illustrative of the Apocryphal Life of the Virgin. They evidenoe the great improve- 
ment which the artist had made during the interval, and are eertainly ttm finest brood 
outs which had ever been executed up to that period ; hut they are eelipaed by the 
series of eleven large eats published soon after, representing scenes in the Passion of 
Christ I end which may be foirly considered triumphs of tbs art ef wood-engraving, 
unsurpittfad in deaign and exeontion by any soeoecsors. The art bad now become 
appradated wherever it wee known, and a hoet of wood engravera found employ in 
Nnrambeirg, cutting the designs of Dnrer, Hans Bnrmnair, Bans Sobsafolcin, and 
other artitta 1 who found no lack of patronage in the old impnial city, for the Empe- 
rrdr Maximilian L, extensively empk^id tbfis in various works illustrative of his real 
or fimeied expldtaf ^ ^ ^ 

fio important waa this royal patronage, that the engraven iH no hounds to the slae 
of thewciks they attempted, and hit upon the plan of Joining one block of wood In 
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(mother, Mill in tho MgravlDf repreientiiBg dM Irivtt]^ areh in honour of dm 
imperor, n wood<cat was oompTetod in this waj, ttaaiuring ten that bv nine. The 
sise is, however, not iu only claim to attention, fbr it la du^ghont desigtaed and en- 
graved with the ntffloet care and beauty. 

Id all these outs of the great masters of the art of wood-engraving, we only And the 
name of the desigaer recorded } thus, Dorer, an4 otheie of his era, whose names 
occur on cuts, were the designers and draughtsmen on the wood ; but the engraver 
was considered in the ligjht of a mechanician, and, ezcopc b a veiy fhw instances, his 
name was not displayed. To hilly imdentand this, it b neeeiiary here to ezplain the 
whole proceiB of woq^ engraving at this time. A block of wood being prepared 
from a perpendicular catting of pear-tree, upon the turfhoe was made a mwing, in 
which every line waa delineated with pmcil or reed-pen, exactly aa the out was 
ultimately to appear t the intervening spaces of plain wood between every line were 
then cut away ; and in thia manual dexterity consisted the whole merit of the engraver. 
The abundance of cross-hatching so constantly found in old wood cuts, is explained 
by the fiict of this being the easiest and best mode for the draughtsman to elnploy in 
getting bis efihcts of light and shade i the extreme labour it involves to the engraver 
not being considered { out when it is understood that each minute space has to he out 
down from each angle of the lines, and tha centre entirely cleared out, some idea may 
be formed of the labour required, when thousands of Mch squares occur on some of 
HMTh large cuts, independent of other worir. The backs of some of these old blocks, 
pimularly those in the Triumphs of Maximilian, are marked with the names of the 
MdMvers, and there is proof that women practised the art) but it is not at all likely 
that the artists who desired, and drew upon the wood these designs, went through 
the merely mechanical labour of engraving them. 

The great impetus thus given to wood engraving*, kept it prominently before tho 
world during the whole of the sixteenth century, when the presses of tM continent 
continually brought forth a seriea of volumes remarkable for the beauty of the cuts 
by which they were illustrated. This practice of the book-trade gave rise to a 
scries of artists known gs “the little muters** of the German school, from the small 
sise of their works ; among whom the principal who connected themselves with 
engraving on wood were Virgil tiolis, Henry Aldegraver, the two Bebahns, Lucas 
Cranach, Urse Graff, Albert Altdorffer, Jost Ammon, and Solomon Bernard. 

In Italy, Ugo da Carpi practised with success, from the year 1518, the art of en- 
graving on wood imitations of tinted drawings ; an art which origfjpated with the 
uennans, but which he much enlarged and improved. It consisted in a aeries of blocks 
cut to imitate patches of colour, and made to print over each other in gradations of 
tint, until tho chiaroscuro of a drawing was secured ; then the ooarser and bolder 
lines defining the whole design were printed over all, mod a capital imitation effected 
of the bold cartoons, consisting of vivid outline and broad washes of tint, used as first 
sketches for their pietures and frescoes by the artists of that fta^ 

A perfect rage fin* book illustration seems to have beset the printers soon after the 
death of Barer. The most prolific artists who supplied timir wants, were Jost Ammon 
and Solomon Bernard i the former executed a multitttdc of designs on e^ery imagina- 
ble subject { the latter, equally proiiflc, devoted himself chiefly to the illustration of 
sacred or classic literature. The gratest pnbilabera of such ^ks were Sigismond 
Feyeraband, of Fradkfbit-on-the-Bainei Jfim da Ttnrnes, and Trechsel, of Lyons ; 
and PJantyn, of Antwerp. From their presaes isaaed a aeries of small volumes, which 
can only come under the generic title of ^^ctnre books } " for they were got up for 
the sake of exhibitiog the fkvonrite aft Of wood-engraving, and only contain a frw 
descriptive lines of type beneath aaob cot. The cots executed by Ammon are all 
remafkable for eorreetness of dnftring and vigorous effect ; those of Bernard are 
lesa scholastically correct, but eentain More evidence of grace and ftmey. The de- 
aigns of these artists ab^d in hooks published between 1560 and 1580$ but the 
moat admirable series were ewNMed hi a little volnme pobliriied at Lyons, in 1588, 
without the name Of dranghtMiini dr engraver, the Stmuilaehm de la Mart, known 
ainoog biblliraptaeii as ue **l}yoo's Danet tff Dwthf" a collection of cuts which, 
for mrantcfBoiy and peribetion of design and exeention, are completely nnrivalled, 
and have not been equiuicd by My modern eopyistf This wu the Angustao age of 


* Durer*! snsmlkiff iram lo MMSdlntljr popular, that th«v round tholr m all evai Buropa. 
Raphael admired chem In Rome, and waa Induead to perpetuate his onn designs \» employing Mare 
Antonio Raimondi to etagnVe them on miSal nnder his own luperlatendefiea. So origmatad tha 
modem print trade. Dural's designs were so much in request, that Lucas van Laydoi imitated thm 
on copper. for sale to soefa penons aa could not psrotive the great diflhrenca between thp vigorquiisrl- 
ginals, and his tame and difsgreeahle €0^. Durerwsi ultimately obligsd to sp^lWl^iiStikMns 
against ahese piraelit. 

f The designs have been poMlarlr aMribed to Holbein, and. apparanilp, with reason^ An artist 
named Hans Lutaelburgher, cuBA, baa been eoniectured to have been the enstovsr, UM tba 
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1book-i)li]|trfttioii, iHiidi flonrkhfd in popnlnr /kronr nntU the cloM of the tbUeenUi 
eent|iff,*wiien a minate tameness, in contradiitinotioii to the o^oor of the earlier on- 
giwrerii began to appear, and reached ita oulmination in aneh cnta aa were given in 
Nicolay'a “ Travela in Turkey” (Antwerp, 1576). 

Titian ia aaid to have Aimiahed deaigna for yariooa woodonta, partieidarly the 
aeriea of Coatumca puUiahed at Venice in 1590 s and a very large ooaiee cntjWf the 
Deatruetion of Phamoh and hia boat, mote than font foot lopi^ ia aaid to have bem 
one among many of aaooinmon aiie eneoated foom hie deaigna, they ware plated on 
aeparata blocka, and then poeted t o g ether ia fon manner of wall-papera. One lepe- 
aenting the aacriBee of Abraham ia remarkable for the varioeely tinted inka in which 
it » printed to eahibit gradatiena of diatanoe. 

nood-engraviag, in the early part of the oaventeenth oentary, had avnk foom ita 
high estate. The last great artial who had amgiioyed hima^ in connectkm with the 
art was liana Holbein, and we do not Bnd a mat aama again eon}oined wi^ it until 
the middle of that eeatnry, wheu Rubeni employed degberi, of Antwerp, to engrave 
some of hie drawinn on wood. Tha generality of waodoiils in hooka of this era, 
riTal in ooaraaueaa the older blook-booka, the wood-angraveni aaim to have sunk into 
inechanioa, nnaaaiated by good artisis to fomish them with dfiawlDga. The art had 
become volgariaed, its profeaaion a trade, and the demand and iuppiy aoaroely better 
than foe reqniremenla of foe ballad printer deaired. They were aneillary to the 
( ommonest naea of foe press, and all art speedily vaniahad foom foe ooti manu- 
factoiwd pobabiy at a veiw oheim rate for temporary nae. Of foia kind are the 
cuts apinkled foroogh the English books of the tune of James and Charles I. It in 
}HiMible that the pointers were supplied with thorn team Oeymany and Flanders. It was 
customary to use woodcuts repaiedly, pardcularly if merely ornamental s in this 
way initUl letters ware reproduced aa foe stock in trade of the printing-ol&ee * s and 
even scenes of adventare, adopted unaonmiilously for other events, to which there 
was the slightest general reiemb]ance.t The names of these **wood-outter8** have 
not dcaoended to our time t their works are widely scattered over general literature, 
and it ia not until foe middle of foe century that we meet with any instance of an 
attempt to arreat the downwaid progrcaa of foe art Then, aa we We previously 
noted, Rubens, probably anxious to rival Purer, engaged Christopher Jegher, of 
Antwerp, to execute, under his own superintendence and at his expense, a aeries of 
large drawings made by himself upon the wood. They differ from the style of the 
earlier masters, and foequently have a confused blotted look in the lines, wbioh pro- 
duce deep shadows t they possess, however, all that boldness and vigour of treatment 
for which the great Flemish painter was so deservedly celebrated ; but the engraving 
is coarse and mechanical, Rubens appears to have felt this, and sometimes a tinted 
block is added over all, with high lights out upon it, to give softness and brightness 
to the whole ; an idea he may have adopted from the engravers of Italy who suc- 
ceeded Ugo da Carpi (among whom may be honourably mentioned Androos Andreani, 
of Mantua, born 1540, died 1020), or foom the designs of Lalleman engraved by Bu- 
Binck, which were nearly contemporaneous in France. 

Though ** fallen from its high estate,” foe art never sank into complete decay, 
either in England or upon foe continent ; there were always a few who followed the 
profession, and aided the printer with such cuts and diagrams as he might require. 
The fiimily of foe Jeghers practised in Antwerp until the end of the century; a dever 
series of woodcuts illustrative of the servioe cf the Mass was published at Ghent, 
and executed by Kraaft in 1732. In France, foe fomily of Le 8uear were employed 
through three generations by booksellers ; the last, Nicholas, died in 1764 ; while 
PapilloD, foe author of a TVaild de la Oravure saBois, bad practised foe art fiW foe 
oommenoement of the century until 1770, and bad be» patronised so extensively by 
the booksellers of France and Holland tbat he eonnts h!s cuts by the thousand. In 
England, E. KirkhsU executed cuts for books, and fW»m 1732 to 1724 Sk series of IB 
blook- prints, in imitation of Ugo da Carpi’s work already alluded to } in this latter style 
he proWed a greater pupil m J. Jackson, who very suocessfoUy copied some of foe 


InitltiU H. L. on one of then. Be this time it had become luusl to append tbeloUlSif of enfraters to 
noodcufi, ss woU ai those of the eeslgners. 

• In tho old priming office of Plant) n at Antwerp, fa rtitl pmnved a large quanpt? of woodenta, orl- 
finally menf ed for the booka ho lamed at the end of the 16tb omtitr j, partlculiirly the ewUema of 
Alclati and Nnnbooo. 

t The number of Impreiilons ■ woodcut will yield has never yet been Mtabllshed* Tbe olsittdty of 
wood f Ivei ft a great advantogo over metaf In pren-prlnttag; and while copper and meet wsiw out, 
wood ahowa llttlo algn of wear i many tbousanda of Impreiilons nay be Uken by a mrf fofor nodsrsli 
printar without ta^srlng a woodcut. Aa an Initmce whh what impunity a W printm imw tiss a Sowso 
woodnit. may ba mmtioaed the ftet, that tho ballad printers of the nilAle of tfo test eeffi&iry cscsiioii- 
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mttworkiof Titian, Pftal VemeM, and othen, daring iha yaara 1738 to 1742 1 at thii 
tine be mided in Venice, after a abort aqjoum in Paria, wbere be wu oeeaaionally 
employed aa a wood-engraver. Mai^ onto aeatterad tbroogb Enaliab booka about 
the aarae period bear the initiala of r. H. for Franeia Hoffman, whoae name la en- 
graved in ftiU on a Cail-pi(*ee, repreaenting enpida anrroandiog a lighted altar, to be 
aeen in the firat edition of OuUiver*M T\raveu, 1726, voL U. p. 47. An engraver named 
Liaterezeentedaome eutoof a much better character than nanal about 1760, particularly 
thoae in the Oxford Satttoffet and in Sir John Ilawkina'a Hitiorp of Munc are aome cn 
this largeat and moat ambuiona cuto at that time attempted anywhere. They were 
engraved by T. Hodgaon. Three other peraona named reapectively, W. Pennock, 
8. Watto, and H, Cole^ oeeaaionally devoted themaelvea to wood-engraving, -which 
aecma to have been practiaed by auch copper-plate engravera aa devoted themaelvea 
to ** general work *' fbr the printing trade or the public, and who varied their laboura 
by oeeaaionally engraving anop-biUa or door-platea. 

There ia one great change in the euta produced during thia period, the reault of a 
different atylo of drawing made for the wood-engravera, and which diacarded croaa- 
hatching and ita,conaeqaent tediona labour, ft>r a tinted or washed drawing which 
could be cut into a aeriea of linea by the tool, ezpreasing the varied tints more simply 
and readily. The art of ** lowering ” or scraping down to a lower level various parts 
of a out t^t should appear light, and so assist the press in its labours, was also prac- 
tised, and the harder wood of the box tree used. Such was the state of the art when 
a Northumbrian peasant boy was destined to appear, again draw universal attention 
to the neglected profession, and found the modern school of wood engraving. 

Thomas Bewick was the son of parents engaged in a colliery, who lived at Cherry- 
burn twelve miles west of Neweaatle-on-^ne ; he was born in 17.53 and passed his 
early years helping his fktherla labour. His leisure hours were earnestly devoted to 
the small amount of knowledge a village school could Impart ; but as a strong love 
for nature, and for its imitation, soon developed itself in the boy, his father determined 
to apprentice him to an engraver of Newcastle, Mr. B. Beilby, whose work was of that 
** general ** kind undertaken in a busy country town. There he occasionally engraved 
imtials on tea spoons or names on door plates, until, in the second year of his ap- 
prenticeship, his master received an application from Dr. Hatton for wood-cut 
diagrams, such as were then executed in London, to illustrate his treatise on 
mensuration. Beilby knew that young Bewick had been making s^e attempts in 
this style and he encouraged him to persevere; he did so, and HiHiDn's book was 
published in 1770 with Bewickb cuts. The young engraver had many difficulties to 
contend against, and had even to construct bis own tools ; among the rest, a double- 
pointed graver to enable him to out both sides of a line at once, and so ensure its 
equal thickness throughout. In 1776, he executed a cut and sent it to the Society of 
Arts, in London, who awarded him a medal ; and in the following year he visited 
I^mdon, and was employed by Hodgson, whom we have already noted as the engraver 
of the cuts in Hawkinses History ^ Muswf as well as by H. Cole. There need be 
little donbt that this visit to the London wood engravers was nseftil to Bewick, fbr he 
must have become by that means acquainted with the usual mode of practising the art, 
the proper kinds of tools used, and the various things which make the mechanical part of 
the profession ; but he had fortunately formed a style of his own, so very original, and 
based so firmly on the study of nature, that wood-engraving in his hands became an art 
presenting many novel and attractive features never visible before. The woiid-engraven 
fVom the days of Durer, or ftom the first invention of the art, depended slavishly on the 
drawings made upon the wood, and did little more than cut away the interstices; but 
Bewick cut out of the wood a vast deal of that which no draughtsman could so draw ; 
for with the aid of a slightly tinted drawing, he would cut the foliage of trees, the 
plumage of birds, the texture of animals, or small figures and birds, by the graving 
tool alone. His dextrous hand was guided by a perfect knowledge of nature, and 
every line be cut expressed drawing ; in this was his great distinction over all other 
wood engrave^ he out his pietures out of the wood, the others out the wood out of 
the pictureA^ 

Bewick auUtpd London, and speedily returned to his native place. His first work 
was an illustrate edition eff Qay’s Fables, published in 1778 by T. Saint, a printer of 
Newcastle, much engaged in the publication of children's books, and snen as the 
travelling chapmen earned in their packs for the edification of the villagers. These 
cuts bear the earliest toices of that accurate delineation of nature, and minute trath- 
fulness of expressfon, which ultimately gave bis works universal renowp. The wild 
plants and grasses, however minute they are cut, ean always be distinguiabed by the 
natnnAist ; the proper foliage of every tree is trnthfblly cot by hie graver i ffie birds 
and insects, however minnte, are peneet In drawing ; and the gemwal eftbet Of bis 
wood-ento artistically powerfoL As be ftilly felt the value of leaving the wood itpeif 
to express solid shadow, be bed not the thnidily which imigines labm to be neees* 
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BMj to iiioceit. The little eat of the Fox aad the Bnunhle in thie tidaine U n good 
illattratioo of Bewiek'i mode. "ETery leaf of the bnunhle ie oat out, white upon 
blank, with the moot trnthAil power of drawing i the ipiaee on the item of the bramble 
are Tisible to the eye i the fern beiide it b limilarW expreued catting the form 
of its foliage with the moit perfect foeedom npon the lolid block of wcm Eaeh 
bush hai iti diitinctire leaf. The doga in the diitanee are ihnilarlT eat out by the 
grarer on a tinted ground s and the few Unei which cover the body of the fox 
entangled in the bramble, expreii iu texture whh a cpirit which no mere catting of a 
drawing placed on wood by a profcMional draaghttman could ever give. Bewiok'a 
cuU are lometiroei termed eoafve, bat no elabomtion of labonr will elevate the owtlieBt 
woodcut above thete worki, for which Bewick obtained but nine ibillingi each i 
unlem drawing can be expieieed by the engraver aa perfoctly ai Bewick could 
ezprem it. 

Aisisted by hie brother John, the Keweai^ engraver teiued a lerlet of worki 
devoted to natoral hiitory; the belt being the Aiitory ^ Here 

Bewick*! knowledge of nature, aad power of exgreiiion by means of his graver 
ihone forth conipicuomly. Hb books became eaually eelebrated for the humorons 
tail'pieoei he ocoaeiouiUy introduced redolent ofwbim end original genius He laboured 
•teatestlj at bb art to a good old age. Hb brother John bit Kewcaitle to reside in 
London, where he wai much emploved, hut a pulmona^ eomplaint killed him at the 
early a^ of thirty-five. He died in 1795. Thomas Bewick lived to the advanced 
age of seventy-five. He died in 1696, having worked upon a large woodcut only 
a few days before bb death. 

The pupils educated by Bewbk were fow. The best weM Charlton Nesbit. Lnko 
Clennell, WiUiam Harvey, and John Jackaon. Neebit aettled in London^ and was 
extensively employed during a long lifo. Cbnnell after a while, devoted himself to 
painting. Harvey turned ms attention to drawing on wood, and hb designs for book 
illnstration may be numbered by the thousand t his best are in Lane's edition of the 
Arabm Ni^M MfUertahmenU, Jackson waa greatly employed by the publisher of 
the latter work, Mr, Charles Knight, particularly on the best cuts in the onoe-fiuned 
Penny MagaziM. 

At the early part of the present century, Mr. Robert Branston founded a London 
school of wood-engravers, of which he was the head. Hb style was peculiar, unlike 
Bewick's, though like him he was self-taught Hb cuts have mors refinement, but 
less knowledge of nature ; his beat pupil was John Thompson, who oombinet in hb 
best cuts, the refined knowledge of light and shade, with much of Bewick'li power of 
expressing drawing. Bamuel Williams was one of the few modem engravers, who 
made his own drawings upon the wood, and be produced very brilliant Affects by 
frequently leaving the wood in solid masses of bhudt. Drawings for wood engravers 
were at thb time chiefly supplied by artists who devoted themselves to that particular 
branch of the art ; and knew how to dnugn their compositionf so that they diould 
best display the peculiarities of wood-engraved effects. Thurston, Craig, and Harvey 
were the principal artbts so engaged. 

A large number of wood-engravers, the pupils of the Newcastle and London atla&irfw, 
helped to supply the bookselleri at home and abroad for a ooneiderable number of 
yean. It was the custom, some twcoty yean ago, for the foreign booksellers, partl- 
cubrly in Paris, to send the blocks across the channel to English engraven to exeente ; 
thb M olilmately to sev«ral settling on the continent, particolsrly in France and 
Germany. The French pablishen always tent the woo^ block with the drawing 
carefhlly exeented on its sarfoce, by a native artist These drawings were always 
claboratmy exeented in pencil, gieatly resembling etehings i littb was conseqnently 
left for the engraver to do, but follow the lines end out away the spaces s patience 
hence became the chief virtue of the wood aumver: and it waa ultimately found 
that ita exercise produced so certain an effect, mat appaentioea knowing nothing of 
art mifl^t aid in thus working out good cngravlnga | and the old style of tinted draw- 
Sng on wood was dbearded for thb **fiM-simUe’’ work i the best dranghtimen among 
the French and German artbu hiving willingly fofnbhed these drawtogs, Englbh 
artists of a higher grade were induced to draw on 'wood, but they oc c asio na lly foiled 
IWun not clearly nnderitaadiiig the pecnliar effects their work should produce, and 
the oharaeterbtica of the art Generally speaking, wood engravers prefor catting 
ftomthe drawings of profesaional dranjfotamen on wttod t who gmerally aieeute their 
work with aoeh elabmte preebion, tuiti the engraver has nowiag more to do than 
ftdlow their lines I this, however, bos made mere meehanism of mneh nodm wood- 
engraving I nnd many expensive enta exhibiting pencilling in omiaed and To-eroaaad 
tines, oeenpying weanaome labonr, and costing many ilT-bastowed sovenlgut oan 
only be blaisod with aneh ** art” •• is devoted to engraving foo Lordfe Pm^ in the 
oompaas ofa diver pam i and merely prodnoes the same general etfoet tfait Bewkk 
wooid have obubed hi m Ibw bald tinea. 
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The met lifTeranoe beiireen anoient and modern wood engimving oonsists in this 
▼eiw iMuaeaet and the practice of the art was eisentially different in aixtecnth and 
eighteenth centuriee. The old wood enmYcrs oat on large blocks of ioft wood, 
such as pear-tree, the way of the grain ; the modems, on sinall blocks of the hardest 
wood they can obtain — the turkey box« and across the min. The old engraTcrs 
cut the work downwards with small kniyes or jrouges; Uie modems use gravers of 
various widths to cut out the spaces between fine unes, and broader chisels or gouges 
to clear away the broad spaces of white. Wood engmving is the exact opposite to 
copiiec-plate engraving in the mode by which the lines of engraving are produced. 
The copper-plate engraver produces hu lines by cutting lafo the ftietal at once, the 
wood engraver produoea his lines in relief cut out ot the block of wood ; every line 
he engraves has to be cut by a double operation, by slicing away the wood on each 
side of It ) for though it is recorded that llewick invented a double cutting fork-shaped 
graver to cut away both sides of a line at once, no such tool has ever since been 
used in the profbssion. 

In order to make the whole process of wood engraving clear to the reader, 
WG will now simply describe the production of a wood cut firom the time it leaves 
the timber-merchant, until it is fit mr the hands of the printer. The log of box is cut 
into transverse slices, Z of an inch in depth, in order that the fkce of the cut may be on 
a level with the surl^e of the printers type, a d receive the some amount of 
pressure ; the block is then allowed to remain some time to dry, and the longer it is 
allowed to do so the better, as it prevents accidents by warping and splitting, which 
somstfafaes happen after the cut is executed if the wood is too g^n. The slice is 
ultlsaalsly trimmed into a square block, and if the cut be large, it is made in various 
pieces ftrongly clamped and screwed together ; and this enables engravers to get 
large cuts done in an incredibly short space of time, by putting the various pieces 
into different engravers' bands, and then screwing the whole together. The upper 
surfhee of the wood is carefully prepared so that no inequalities may appear upon 
it, and it is then consigned to the draughtsman to receive the drawing. He covers 
the surface with a light coat of fiake white mixed with weak gum-water, and the 
thinner this coat the better for the engraver. The French draughtsmen use an 
abundance of fiake white, but this is liable to make the drawing rub out under the 
engraver's hands, or deceive liim as to the depth of the line he is cutting in the wood. 
The old drawing of the era of Durer seem to have been careftilly drawn with pen 
and ink on the wood ; but the modem drawing being very finely drswu with the 
pencil or silver point is obliterated easily, and there is no mode of ** setting " or 
securing it To obviate this dan^r the wood-engraver covers the block with paper, 
and tears out a small piece the size of a shilling to work through, occasionally re- 
moving the paper to study the general effect, in damp and wintry weather he some- 
times wean a shade over the mouth to hinder the breath friim settling on the block. 
It is now his business to produce in relief the whole of the drawing ; with a great 
variety of tools he cuts away the spaces, however minute, between each of the pencil 
lines I and should there be tints washed on the drawing to represent sky and water, 
he cuts such parts of the block into a series of close lines, which will, as near as he 
can Judge, print the same gradation of tint. Should he find he has not done so com- 
pletely, he can re-enter each line with a broader tool, catting away a small shaving, 
thus i^ttcing their ffidth and conse<juently their colour. Should he Bake some &tBl 
error that cannot be otherwise rectified, he can cut out the part in the wood, and 
wedge a plug of ftwsh wood in the place, when that part of the block can bo re- 
engraved. An error of this sort in a wood-cut is a very troublosome thing.) in copper 
engraving it is scarcely any trouble; a blow with a hammer on the hack wiU obliterate 
the error on the fkee, and produce a new surikee ; hut in wood, the surikoe is cut 
entirely away except where the lines occur, and it is neoemary to cut it deep enough 
not to touch the paper as it ie squeesed through the frees upon the lines in printing. 
To aid the general eflket of a out, it is sometimes usual to lower the surfaoo of the 
block before the engraving is executed in such parts os sboidd appear light and delicate ; 
they thus receive m mere toueh of the paper in the press, the darker psrts receiving 
the whole preBpPknd eoming ont with double brillianoy. When careftil printing 
is bestowed cffrill, it if sometimes usual to ensure ffiis good effect, by laymg thin 
pieces of card or ^per npon the tympan, of the chape needed to secure pressure on 
dark parts only. 

• Wood engraving, as f most nsefol adjunct to the author, must always cosnnaAd a 
certain amount of patronage. In works like the wesent, the author is greatijr aided 
by a diagram, which can more clearlp explain his moaning than a page of letldf- 
press ; and it can be set np and priitted whh thejvpe, a mode which no Dther stylo 
of art ckn rival in simplicity and cheapness. Tw taste for elaborately exeeuted 
wood engravings may again decrease, as we find k m fbr nearly two centuriis t but 
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it wu nfT«r t loit ttt, and nev^r wUl be. owiog to the motleal tdvaataM've ipetk 
of, unleee H be lapeneded by lome eimpler mede of doing the mine thing hitherto 
nndiiooveiod. The number of persona who pmotlae wood engruTing m Xnondon 
alone, at preaeat la more than S00« and iHien we eonaider the quantity done to the 
great oitim of the continent, and the large amount of booh iliaatiation in opnftant 
demand, the ereatlre power of one aingle genina-^Thomaa Bewiek-^ehinii ^rth in 
greater Tigonr than ever.^F* W. F. s 

ENORAYINO ON STONE. SEAt OE OEM BNQBAVINO. Some Tory 
delicate and beantUhl reaulta are obtained by engraTtng upon lithographie atonee. 
The art la not, howrrer, of anAolent im|eriance to geenpy our already etowded 
apace. Seal or gem engraving la an ai^ ^ great an%eity. We aaay here simply 
aUnde to the appuatwf » general w by t|li workman, and which eonaiata of a lathe 
tamed by n treddle, end moving a email horiiootal cylinder, into Which the 
toola ere inaertad, illowing them to refclre agahitt tge gem, whicn la held by the 
hand of the workman doee to eaeb point, onttlDg the anrnioe by the aid of diamond 
powder made into n pnate with olive oil, n^e (oula ire ahnple, end adnpted to 
produce the kind of aomalon wiihed for by the ar^. When ma engraTgd, the aurihDe 
ti poliabed with boa-wood toola and rotten-atone. The awlent gems are remarkable 
for a higher and finer poliah than fa poaaeaaad by the generality of modem worka, 
aa well aa for a more vigorona and aoulptnieaque elTeet 
The arte of indaing a deaign upon a preciona atone, nnd of acnlplng it in rellet 
originated with the nationa St antiquity, and were pmctiaed by tmm with great 
•tti^eai Cornelian waa their fhuourift atone for generd nae, but they alao worked on 
onyx, edcedony, jtapar, nnd blood-alone. They flreuuently need the vadgn tinta of 
the atone to heighten the effect of their work, ana prodnce r§btf, iWia daoianta 
have preaerved tne nnmea of many of the early Grm gem-engravam who have 
never been aarpnaaed fbr ability. One of their most oelebtnted works la the aardonyx 
of three atrita, which formed part of the cabinet of gema of the Empreaa Joaephine, 
and which repreaenta the bnata of Ptolemy Philadelphna (b.o. 28ft to aftS) and hia 
queen A rains. Ita ihape ia an obtnae oval, meaauring 6^ inchea by 8. Another, 
with the aame heads, ia preserved in the Im^rial Cabinet at Vienna, meaauring 4) 
luehci each way Hut the largest and moat important of tbeae antique worka ia the 
apotheosia of^nguatua, preaerved lu the Royal Cabinet of France, wnich meaaurea 8 
inohea by 9, and repreaenta more then twenty ftgnrea of men and deitiea, a wonderfnl 
monument of patient labour and artiitiojpower. So fond were the ancienta of tbeae 
costly and beautiful works, that the Emperor Heliogabalna ia recorded to have 
covered hia shoes with engraved gema. They were alao used to adorn coffers and 
other luxurious articlea of fnraiture, aa well aa drinking veamla, patera, Re.-— 
Fairholt 

ENTRESOL. A floor between other floors ; a low set of apartments placed above 
the first floor. The Quadrant, Regmt Street, has a good example of the entresol. 
In Italy the term Afegzanino, or little mid^e floor, ie used to indicate the aame 
arrangement 

ENVELOPES. The manufketore of envelopes baa so largely inoreaaed, that the 
old method of folding them by means of a ** bow foldintf aned,’* alchongh a good 
workman could thus produce 8000 a day, was not capable of meeting the demand i 
hence the attention of several waa turned to the eonatruction of machmesfor folding 
thetn. Amongst the most successfol are the iitdlowlng. 

Fnvikpe/oatng , — In ^ envelope folding machine Meaere. De la Roe & Co., each 
pleoe of paper, previously cut by a fly-preaa Into the proper foim for making an envelope 
(and ha'nng the emblematical stamp or wafer upon it), la laid by the attendant on a square 
or rectangular metal foame or box, formed wiu a short projeeting piece at each corner, 
to serve u gnidee to the paper, and fornlahed with a movable bottom which rpats on 
helical springs. A presser at the end of a curved eompound arm, which movee in a 
vertical plane, then deioends, and preeeea the paper down into the box,— the bottom 
thereof yielding to the preeinre ; and thereby the fear ends or flaps of the pleoe of paper 
are oaoeed to fly op ; the preaaer may be said to cQpiilst of a rectangular mm ffame, the 
ends of which are attaenedtotheonterpartof tneenrvedarm,andtheaideatheiuef to 
the inner portion of the am ; eo that the enfla and aides of the picaier can move ind^ 
pendently of each other. The endaof thepmaer then riie^ leaving the twotides of itattii 
holding down the paper i two little lappkpieoecnext fold over Uie two ^e flape otim 
envelcj^ ; and Immediately a horiiontal am advincce, eamring a V-ahaped pleec 
ehaiged with adhesive matter or cement (from a aatoiuted cnnlaM ban^. and 
tba aaam to the two flaps. A third lappet preqsaa down the third flap of titacpweiope 
npon the two cemented and thereby canaea H to u^ere theretof and then a 
pieaiiBgpieee,oftlie same ilia is the flniahed envelope, folda over tl^ lait tliP and 
pre me the whole flat INia final opemtion ia fo rmeve m envnle|i^ fed tail ia 
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effaeted hj i fwlr of metal flogera, with indla-rnhber tnda, which defoend opon the 
aovelope, and, motiog sidewayf, draw the enrelope off t^ bottom of the M« (the 
premiag piece haTiug moTed away and the bottom of the boa riaeo to the letel of the 
platform of the machine) on to a alowly moTina endlew band, which gndnally carriee 
the flniahed envelopea away. A fresh piece or paper ia laid upon the box or frame, 
and the abore operationa are repeated. Thia mMine makea at the rate of 2700 


operationa < 
enrelopea per hour. 

Another machine for the aame object waa invented by Mr. A. Remond, of Birming- 
ham, and is that employed by Meaara. Diokinaon and Co. The diatingniabing feature 
of this arrangement ia the emplo>ment of atmoapheric preacnre to feed in the paper 
which is to form the envelope, and to deflect the flaps of the envelope into inclined 
positiona, to facilitate the action of a plunger, which deacenda to complete the folding. 
The pieces of paper, out to the proper form, are laid on a platform which ia fhmiah^ 
with a pin at eacn comer, to enter the notches in the pieces of paper, and retain them 
in their proper position, and such platform is caused alternately to rise and bring the 
upper piece of paper in contact with the instrument that feeds the folding part of the 
machine* and then to descend until a fresh piece is to be removed. The feeding in- 
strument consists of a horisontal hollow arm, with two holes in the under side, and 
having a reciprocating movement When it moves over the upper piece of paper 
on the platform, a partial vacuum is produced within it by a suitable exhausting ap- 
paratus and the paper is thereby caused to adhere to it at the holes in its under sur- 
nec by rhe pressure of the atmosphere. The instrament carries the paper over a 
rectangular receu or box ; and then, the vacuum within it beingdestroyed, it deposits 
the paper between four pins, flxed at the angles of the box, and returns for another piece 
of pa|Mr. As the paper lies on the top of the box, the ^p which will be undermost 
in the flniahed envelope, is pressed by a small bar or preaser on to the upper edge of 
two angular feeders, oommunloating with a reservoir of cement or adhesive matter, and 
thereby becomes coated with cement ; and at the same time, the outermost or seal flap 
may be stamped with any required device, by dies, on the other side of Ihe machine. 
A rectangular frame or plunger now descends and carries the paper down into the box t 
the plunger rises, leaving the flaps of the envelope upright ; streams of air, issuing 
from a slot in each side of the box, then cause the flaps to incline inwards : and the 
folding is completed by the plunger again descending; the interior and under surface 
of Sttdi plunger being formed with projecting parts, suitable hr eaisiag the 
several flaps to hold in proper superposition. The bottom of the bihx (wmch is 
hinged) opens, and discharges the envelope down a shoot to a table Imlow ; the feed- 
ing instrument then brinn forward another piece of paper ; and a repetiUon of the 
above movements takes place. 

EPIDOTE. A silicate of alumina and lime. There are several varieties, as Lime 
and Iron Epidote, Lime Epidote^ Manganoeian Epidote^ Cerium Epidote, and some 
others. Epidote occurs in ^nite and other igneous rooks, and in various crystalline 


slates. 

EPSOM SALTS. A 
acid .*)2‘52, water 51*22. 
salt at E] 


16*20, sulphuric 
ineral spring containing the 


It at Epsom. It is laigdy manufhotured. See Dolomite. 

EQUISETACEA SQUISETUM (equue a horse, eeta a hair), commonly horse- 
taila The species of equisetum grow very abundantly in ditches, lakes, and rivers, 
in this and other parts of the world. The steins are striated, hollow, articulated, 
usually branched, having no true leaves, but in their place green-jointed branches 
arran^ in whirls at the articulations of the stem. In South America they grow to 
a iarge siae. The stems usually contain a great deal of silica in their composition, 
and the E^ieetum kpemale^ or Dutch rust, finds its use in the arts on this account. 
Sea Dutch Rcsh. 

EQUIVALENTS, CHEMICAL. By this term is understood the proportions in 
which substances combine with each other to form definite compounds. These pro- 
portions are referrM to the common standard, hydrogen, which is taken as unity. 
The limits of tMsflMMk preclude the possibility df entering into the history of 
the steps by wMh ^e doctrine of equivalents wu gradually developed ; but it is 
proper that ire dioiilll indicate some or the methods by which the equivalents of ele- 
ments and compounds are ascertained and demonstrated to be correct But befinre 
proceedinff, it is necessary to define the tenn equivalent This is not euy to do, 
because m theoretical ideas of all chemists are not the same. Suppose, fbr ex- 
ample, the constitution of water were to be taken as the starting point On submitting 
it to the action of the pile, it is immediately obierved that the ratio of the two 
gaaea evolved ii as 1 to 2. One ohemiit will at once assume that water is a simple 
binary compound of one equivalent of eaeh of its oonstitnents. But this invoWea the 
nasiunpiton that the gaseous volmne of the equivalent of bydrqgni la twice that nl 
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oxygen. The other ehemiet aemimiiig tbal one Toltimeof a cm repretenti on eqnivn- 
lent, oontfideri water to be a ternary eompound having the rormnla H’O. It ia plain 
that the atom of hydrogen will have only half the valae on the aeoond hypotheaia that 
it will on the flrat, or, what cornea to ue aame thing, the atom of oxygen will he 
twice M great with aomechemiaU, we oonaider tfai volunea of the ghaea torepre- 
aent atoma or equivalenta, then, water oooaiating of two tolamee of hydrogen and ione 
volume of oxygen, and m by weight wafer eontaina • paita of oxygen to 1 part of 
hydrogen, it it plain that 8 parte of oxygen by weight will vepreaent one eqnivalent, 
aud 1 part by weight of hydrogen wifi tepreient S egoivalenta. Gonaegnently 1 
equivalent of hydrogen will weigh ‘5. fint to avoid 6wetkmal nomhera it will (on tbeae 
avaumptiona) be more oonvenient to write the equivalent of bjdrogeaM and oxygen 
1 6. In thta country it is uenal to consider the atom of hydrogen at occupying twice the 
apace in the gaaeoua atate of that of oxygen. The atoiaie weighta being, therefore, 
oxygen 8 and hydrogen 1. 

we have said that it ia by no means eaay to define an egtiivaleDt. The difficulty 
ariaea not merely ftom the different Mpecta nnder which theoretical chemiati regard 
the elemeote and their oompounda, but also from the praetinal difficuldea attending 
the determination of the true conatitution of acme anlmaneea. 'I'hoa the equivalent 
of biiBAuth ia amumed by tome to be 71 and by others dl 8 1 the oxide in the one 
case becomes BiO, in the other BiO*. The first equivalent Iwing only one-third h 
great M the secondi But, it is to be observed, the variations in the theoretic^ viewa 
of ohemiita are of no ooniequenoe, so long m we clearly comprehend the natnre < f 
thoee variationi. The rdativ values or proportious are the same in all cases It is, 
in fact, somewhat the aame as if one class regarded the avoirdupois pound aa made up 
of sixteen ounces, each ounce weighing 437 ‘S grains, and the other coDa.idered it as 
oonaiiting of eight onnoea, each ounce containing 875-0 grains. 

In order to clearly underetand the nature of the equivalents at received in thia 
country, it ia necesaaiy to remember that there are three relatione of volume amonnt 
gases, namely, one, two, and four volomea The first relation applies solely to eie- 
meutary gases. The two others apply to elements and compound. [It » true that 
the vapour densities of pentaohloride of phosphorus, chloride of ammonium, and, 
perhaps, one or two other substances, appear to difier from this rule, hut it is probable 
that, like sulphur, the vapour dennities require to he determined under special conditions 
of temperarure or pressure.] In the table of equivalents the density of the vapours 
of those substances which are capable of assuming the gaseous states are so placed 
that the number obtained ^ experiment may be compared with that deduced from 
theoretieal considerations, in the following table the vapour volumes or combining 
meMures of some of the more important elements are given. We shall see presently 
the practical value of the information coutalned in it 


Blnnciit. 

Hydrogen 

Chlorine - - - 

Bromine « . • 

Iodine . - - 

Fluorine (hppotheHeal) 
Nitrogen • - - 


Cranblninr 

MsMure. 

- two volumes. 

- do. 
do. 
do. 

• do. 

• do. 


Element 
Oxygen - 
Sulphur - 
Selenium • 
Phosphorus 
Arseuio - 
Carbon 


Combining 

Meeiure. 

- one volume. 

do. 

da 

- do. 
da 

• da 


It must he remembered that all volatile compounds possess four volume formule, 
exoept a few, which in this country are always written as if possessing a eondenaatioo 
to two volumes: such are carbonic add, carbonic oxide, snlphurons acid, fra With 
the above informatiOD it will he easy for any person to calculate the dmity of any 
vaprar or gu by the aid of the following directions. 

To ohiA fee qf any vapour or aao having a eondenoatim to /bur votumea, 

ouoh at mote organic or imoraamo eojqpoioicfe.— Moltiply half the density of hydrogen 
by the alomio weight of the vapour or gas. Example:— Find the density of the 
vapour of hydrobromic aciA The atomic weight of bydrohromie add is 81, The 
density effhydrogen is 0 0699, half of which is 0 0848. Then 0*0846 x 81 « 9*8098. 
Experiment gave 9*73. 

To obtain ih$ denti^ qf ang vapour or gat hamng a eoudtntatiam io law Mfesua. 
— Ifttltiply the density of hydro^n by tM atomic weight of the gM or vapour* 
Exaxplu : —Find the dendty of chlorine gu. The atomio weight of chlorine bdng 
85*6, and the density of hydrogen 0*0699, we have by the rule, 0*0699 x 35*6 •>9 4666. 
The dendtv by experiment is 9*44. 

> To o6tem Ms daui^ qfaug ogpour, or gat, having a eondentation Is oat odhmof^ 
Wnltiply twice the dendty of hydrogen by the atoiidc weight of the gtm or vapour. 
KxAimfr t^Find the dendty of the vifotar of oxygea The otamh stulglit of 
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oxygen being 8. and twice the density of hydrogen being 0*1384, we hnee 
0*1864 K 8 » 1 *1078. Experiment has yielded 1 *1056. 

The above method! of calculating the densitiei of vaponm and gaiei are thoae atwaya 
employed by the writer of tbia artiole, and will be found inoomparably ahorter aM 
more convenient than any other. 

It is perfectly plain that, by a simple invereion of tha above mlej^ it ia equally easy 
fiom the known density of a gas or vapour to calculate its atomic weight Never- 
tlielesB, for the sake of those who are unaccustomed to calculations of tnis kind, we 
append the following roles. 

To calcuUito the atomic weight of any gae or vapour haoina a eondeneatim to four 
voluniee. — Divide the density of the gas by half the density of hydrogen. Example : 
— Find the atomic weight of hydrobromm acid gas, the density of which is 8*8026 ; 
2'8026 

00346 *®^'®®®’ 


To cakukUe the atomic weight of any gae or vapour having a eondeneaiion to two oo^ 
lumea, — Divide the density of the gas by the density of hydrogen. 

7b calculate the atomie weight efany gae or vapour having a eondeneatwn to one vo^ 
lume —Divide the density of the gas by twice the density m hydrogen. 

It is plain then that if we are in possession of the atomic weight and vapour volume of 
any substance, it ia easy to determine the density of its vapour or gas. Also, that 
having the density of the vapour and the vapour volume, it ia easy to calculate the 
atomic weight If we consider for an instant what is meant by the term density of a 
vapour or gas, it will appear equally easy to find, from the density of the gas, the 
weight of 100 cubic inches at the standard temperature and pressure. By the density 
of a gas is meant the number expressing how much it is heavier or lighter, bulk for 
bulk, than air. If, therefore, we multiply the density of a gaa by the weight of 100 
cubic inches of air, at the standard temperature and pressure (» 80*00 grains), we 
Immediately find the nomher required. Example : — The density of hydrogen is 
0*0692 and 0*0692 x 30 » 2*0760, or the weight of 100 cubic inches of hydrogen, at a 
temperature of 60^ Fahr., and 30 inches of the barometer. 

From what has been said, it is evident that no difficulty exists in determining the 
equivalents of bodies which can be obtained in a gaseous state. Where the equi- 
valent of a fixed body is to be ascertained, or where it is desired to proceed in a 
different manner, the method employed must depend upon the nature of tjbo sahstance. 
We shall consider three of the most simple and general casea, namely, an acid, an 
alkali, and a neutral body. 

1. Mode of determining the equivalent of an acid,— Fm thia purpose it ia neces- 
sary to analyse a salt, the constitution of which b known. If the base or mctallio 
oxide in the salt is one of which the atomic weight b well establbhed, it is very easy 
to determine the combining proportion of the acid. We say, as the percentage of 
oxide b to the percentage of acid, so is the atomic weight of the oxide to the atomic 
weight of the acid. Example : — Butyrate of silver has the following composition 


Oxide of silver ------- 59*467 

Butyric acid ------- - 40*513 


We therefore soy ; — 


100*000 


60*487 : 40*513 ;; 116 : 79*000 

i..., ■ yn - --/ \ , , ^ , . / » , - — — / V— V ; 

Percentasa of oxide PereentaipB ofaeld. Equivalent of oxide Equivalent of the 
ofiilver. ofiUver* acid. 


It must be remembered that the atomic weight so obtahied is that of the anhydrous 
acid, so that one equivalent of water must be added to find the atomic weight of the 
acid in its ordinary condition. If the equivalent desired bo that of a hydrogen acid, 
the method of proceeding mqst be slightly modified, but the detaib need not be given 
as they are 

2. Mode q^Mlkniiinfop the equivalent of an aliali, — Seyeral methods present them- 
selves, eaeh P0M«lB(r certain advantages. Most elkalbs, organic and inorganio, 
form salts well adapted for enabling their atomio weight to be aacertained by analysis. 
. We shall select as an example ammonia, and the salt employed to aettle the atomie 
weight will be the sulphate, which contains 


Oxide of ammoninm 39*40 

Sulphuric acid - - - - - - » 60*60 

100*00 

In the Barae way that an endde of Itnown composition b the datum emplogred to 
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dctennia* tiM eqwTalent of an ackl, fo» on the other hanA an acid, the fbrmola of 
which M well established, serves to cnaUo the Ibrmula of an alkali to be deduced. We 
therefore say 

60*60 : 39*40 :: 40*00 : 96*00 

, .1 y ^ \ ^ ^ t ‘ 

Percentage of teid. Perceutage of elJull. Uqui valent of the Bqyl eri ent of tho 

ecid. ilkall. 

Most alkalies, especially those derived ttem the ornnic kin^om, form wet! diOiled 
and easily crystallisable compoands with some of the metallic chlorides, especially 
those of ^Id, platinum, and palladinm. These salts ate well adapted for enabling 
atomic weights to be fined. 

S. Mode qf deierminmy the equioatmi qf « neuital eubeimee ~ Neutral bodies are 
formed upon so many models or types that no general method can be given for the 
required purpose. If volatile at moderate tempi*! utures, the density of the vapour can 
be ascertain^, and this is generally sutBclent. Halts have their o(|nlvalcnts Ibund 
bv determining the percentage composition, and proceeding as m examples 1 and S. 
The equivalent of a metal is found by forming a oomponnd with some suhstaace, the 
atomic weight of Which is well known, such as oxygen or sulphur. The compound is 
tlien caieftilly analyped. Example t — It has been found that I on parts of oxide of 


copper contain 

Copper - 80*00 

Oxygen 80*00 

100*00 

We therefore say:-.- 

20*00 : 80 00 :: s-oo : 38*oo 

^in - -r* V y — ^ ^ .J I ¥ ' * 

P«rrcntag« uf Por(*eiii«|ta of Equivalent of Equivalent of 

oxygen. copixtr. oxygen. copper. 


A precisely analogous mode of proceeding may be adopted with chlorides, iodides, &o. 

A careful study of the numbers iu the following tables will enable us to observe 
numerous end highly interestiug relations subsisting between them. It has been 
sitown by M. Dumas that certain thmillos or groups of elements fall into natural triads, 
owing to the relations between their atomic weights. With bodies of this kind, it is 
found that, if the sums of the atomic weights of the extremes of the series be divided 
by two, wc obtain the atomic weight of the middle body ; thus : — 

I. n. in. 

Chlorine 35*5 Sulphur 16*00 Lithium 7*00 

Iodine 127*0 Tellurium 64*00 Potassium 39*00 

-81*25 -40*00 23*00 

162*5 80*00 46*00 

8 3 8 

The triads here are x. chlorine, bromine, and iodine i xx. sulphur, selenium, and 
tellurium { xii. lithium, sodium, and potassium. Space will not allow of the subject 
being developed at greater lenp;th in this work. The student, interested in this branch 
of chemistry, will find much information in the papers of Dr. Odling, recently pub- 
lished in the Journal qf the Chemical Society, 


Table of the Equivalente, of the Non^meUdlie Elemente, 


N.inie. 

Symbol. 

S^lTstaiit 

DnnityuVo. 
poor or 0 x 1 . 

Bromine • 







Br 


5*4110 

Carbon 







C 

6*00 

0*8890 

Chlorine • 







Cl 


8*4530 

Fluorine - 






. 

FI 

19*00 

13270 

Hydrogen - 







H 

1*00 

0*0698 

Iodine 




m 



I 

127 00 

8*7837 

Nitrogen - 







N 

14-00 

09718 

Oxygen • 







0 

8*00 

1*1056 

Phosphorus 







P 

38*00 

4*2840 

Selenium - 







Se 

40-00 

7*6960 

Sulphur 







8 

16*00 

28140 


[Note. — The densities of the vapours of osrbon, selenium, and fluetine aro 
kypothatusaL That of salphur ia usually represented by a number thrue times as 
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great at the abere, bat this it owing to the experiment not having been performed at 
a tuiBoieDtJy high temporature*] 

Tahk the EquivalaUa of Ae MtUtXlie Skmintg, 


Name. 

Symbtil. 

Equivalent SpM'lflr 
ll»l |Uiavlty 

Name. 

Symbol. 

B^lvalent 

SperlSe 

Gravity. 

Aluminium 


A1 

13 67 

1 2 56 

Molybdenum - 

M 

48-00 

8-60 

Antimony 


Sb 

13900 


Nickel- - 


Ni 

29-50 

8-63 

Arsenic - 


As 

7500 

5-67 

Osmium - 


Oa 

99-41 

10-0 

Barium - 



68.50 

4-70 

Palladium 


Pd 

5a‘24 

11-50 

Bismuth - 


Bi 

21300 

9 80 

Platinum - 


Pt 

99-00 

21-50 

Boron - - 


B 

11-00 

2-68 

Potassium 


K 

39-00 

0*865 

Oadmium - 


Cd 

56-00 

8-63 

Rhodium - 


Ro 

52-16 

11-20 

Colcium - 


Ca 

20-00 

1-58 

*Rubidium - 


Rb 

85- 


Cerium - 


Ce 

46-00 


Ruthenium 


Rn 

52-11 

8*60 

Chromium 


Cr 

26-27 

5-90 

Silicon- - 


Si 

21-00 


IMil.i.UIMl 


Co 

29-50 

8-53 

Silver - - 


Ag- 

10800 

10-43 

*CcEBiiim - 


Cm 

123-00 


Sodium - 


Na 

23-00 

0-97 

Chopper - 


On 

32 00 

8-72 

Strontinm - 


Sr 

44-00 

2-54 

Didymium 


D 

48-00 


Tantalum - 


Ta 



Erbium - 


E 



Tellurium 


Te 

64-08 

6-80 

Glucinom • 


G 

6-97 


Terbium - 


Tb 



Gold - - 


Au 

98-33 { 

19-4 to 

*Thalium - 


T1 




19-6 

Thorium - 


Th 

59-50 

1 

Ilmenium - 


II 



Tin- - - 


Sn 

69-00 

7-29 

*Indium - 


In 



Titanium - 


Ti 

24-12 

6-28 

Iridium - 
Iron - - 


Ir 

Fe 

98-56 

28-00 

18-63 

7-84 

Tungaten - 


w 

92-00 { 

17-2 to 
17-6 

liantbanium 


La 



Uranium - 


u 

60-00 

10-15 



Pb 

104-00 

11*30 

Vanadium 


V 

68*46 


Lithium • 


L 


0-5936 

Yttrium - 


Y 



Magnesium 


Mg 


1-75 

Zinc - - 


Zn 

32-A2 

6-91 

Manganese 


K£1 



Zirconium 


Zr 

33-58 


Mercury - 


Hg] 

lOO'OO 

13*50 1 







It nill be teen, iVom the above table, that a very coneiderable number of the eqnl- 
vaJents are entire multiplet of that of hydrogen. M. Dumas and others have, however, 
shown by elalmrate and conclusive experiments, that the doctrine of the equivalents 
of all elements being multiples of that of hydrogen is not a law of nature, as in 
addition to chlorine, there are several undoubted exceptions.— C. O. W, 

ERBIUM. A metallic radicle of Erbia, one of the earths associated with Tttria. 
It was discovered by Mossander in 184S> See lYatts' ** DictionaiT of Chemistry.'* 

RREMAC AUSIS,- s/ote combustion. This term has been applied to that constant 
combination of oxygen with carbon and hydrogeiu to farm carbonic acid and water, 
which is unceasingly going on in nature, as in thd decay of timber or the heating ** 
of hay or grain put together in a moist state. J^erfeot dryness, and a temperature 
below fVeesing, stops this eremacausis, or slow combustion. 

ERYTHRIC ACID. Colorific principle of Angola and Madagascar Orchilla 
weeds (See Orchills). By macerating the lichen In milk of lime, Stenhouse ob- 
tained 13 per cent, of crude erythric acid. It yields red coloured compounds with 
ammonia, and also in its reaction with hypochlorite of lime. See Lichen. 

ERMINE. See 

ERRATIC BLOOlMi Rounded and weather-worn fragments of the harder 
rocks, which abound very widely scattered, at great distances from the places from 
which they arTRtpposed to have been derived. They are generally supposed to 
have been removed bTthe transporting power of icebergs and fields of ice. 

EUYTHROXYLON COCA. The coca. This shrub is a native of Peru, and is 
cultivated extensively in the Andes. The dried leaves are chewed bv the Peru- 
vians mixed with finely powdered chalk. This peculiar stimulant brings on a 
condition of apathy. It prevents hunger and retards sleep, so that the natives irho 
work in the mines will sometimes under its influence labour from twenty to thirty 
hours at k stretch. The continued use of coca is more injurions thu that n 
opium or tobacco. 

* These are tiie new metals which have heeU reccutlr dlicovered by means of spectrum aaahrsISt 
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ESCHALOT (fiekahtu^ Flr.)f oommonly Shallot. A small kiAd of onion. 
AHimm aweaionieum. 

E6CUL1N. A substance found in the inner white bark of the horse-ehestnut treot 
remarkable for its fluorescent power. See Fluoeebcemcb. 

ESPARTO or SPANISH GRASS, as its name denotes, Is imported flrom Spain, 
where it is indigenous in certoin mountainous and unouHlrated districts on the 
Mediterranean coast It is also produced on the north coast of Africa, where U is 
called Arabs alfe or alfit It appears to hare been used by the Romans ftxr cordage^ 
and called by them SJpartiifm. 

This plant, classed as a sedge bV botanists (and bir them denominated SparHum 
Mggarem and Siapa truNeistimo), grows in tofts and bnnchea similar to the rukhes 
in this country; It variee from 2 to 4 fret in height, and consisll of a long flat 
lanoeolated leaf or blade, which, as the sap deseendi and the plant ripene, takes a 
cylindrical form. It is pulled up from the roots, i^xposed to the situ, and, when dry, 
laid in small bundles, and these again, for fiieilit) of caniage, into larger ones, which 
are transported in carts, or more genendly on donkeys* babks (both Spain and Africa, 
in the uncultiyated and wild distriets of the country where the plant culsts, being, 
comi arativeiy speaking, without roads) to the port of shitment. 

The plant being now Imported to the extent of 80,000 to 4i»,()00 tons jearly, m 
selling at the commencement of the year 1862 at bL per ton ; but owing to mj 
reduction in the priee of rags, and to the general stagnation of trade caused by the* 
Amertean war, inft price has been latterly reduced. 

Numerous patents have (as might naturally be expected) been taken out for the 
treatment of this plant ; those by Mr. Routledge would appear, from the increa*>iug 
oiuployment of thia material, to be the moet useful, effectual, and economical. Mr. 
Routledge represents, indeed, that the cost of production either in the condition of 
half stuff or paper, is below that of rags to produce a similar quality of paper, and tho 
power required for redoeing much less. Judging from the fpccimens of paper ex- 
hibited by Mr. Routledge in 1862, mannfretured by him at his mills at Kynsham, in 
Oxfordshire, exclniiyely from esparto, as well as from the other specimens of paper 
manufactnred at various other mills employing his process, in whi(h esparto is used as 
a blend with the ordinary rag material, the results are very satisfactory, demonstrating 
that a new material has at length been brought into use meeting this long-desired 
requirement, both as regards <mality and economy. 

One satii^tory feature in Mr. RouUedge's process is the fact that no materiiil 
alteration in existing machinery or appliances is required ; no higher pressure boiling 
in expensive veseels is necessitated ; the silica, always more or less combined wlili a 
coating of raw flbres, is got rid of, and the gummo-resinous matter neutralised, per- 
mitting the fibres to be eliminated and drawn out by the ordinary pulping engine, as 
now practised with rags. The assorance of a successful result appears to be de- 
pendent on the proper adjustments of the proportions of the chemicals employed ; 
this secured, and the process is extremely simple, the issue appears to be reliable, 
and. what is of no little importance, Invanable and constant. 

The flbres produced from esparto are speeiflcally lighter than those from any other 
pwer^making material in nsei their mechaoioal structure, moreover, admits of minute 
■uD^visioD without destroying the feathery or mossy arrangement which facilltatee 
the inflmate felting or blepding of the ultimate fibres on the endless wire of the 
Fourdrinier machine ; then, esparto paper, In consequenee of this peculiarity, frela 
thicker in the hand, and takes a finer surface than that made from cotton rags, and, 
in proportion to the blend or admixture with other rag or paper-making material, 
imparts these advantageous oharaeteristics. It is to be remarked, however, that iu 
introduction generally into the trade being only, comparatively speaking, of recent 
date, it has not yet arrived at full development, its employment being hitherto 
limited to common and ordinary printing papers and cartrid^ and in the unbleaohed 
state to brown and cap papers. 

Although it is foreign to the purposes of this notice to advert to a fiscal qaesthm, 
which for some time hu excited so much attention aa the recent abolition of the 
duty on paper, it appears to us that the irast changes which have ooonned in the 
manufreture, since the introduction of the paper machine, must have eompelled, iif 
not the abolition, at least the reconstruction of the law at an early period. 

Onr importation of e^arto has been of late yean as follows : — 

1864. IMS. 

Tom. Valae. Tom. Voluo. 

From Spain- • • 41,339 ff202,669 17,769 £71,165 

„ Algeria - * 1,500 7,135 

„ Other parts* - 564 2,700 1.587 3,151 

4S,40S &Ti!;494 19^6 
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ETCHING VARNISH. 


E88EKCfi OF SPRUCE if pr^red bj boiling tbe young topi of the AUanign, or 
bUcb ipruotw In urater, and ooncenirating the decoetion by evaporation in a wotfr bath. 

ESSENCES. See PinruMEnr. 

ESSENTIAL OILS. See Oils, nxu> and sbbentia];., and Otto. 

ESSENCE D'ORIENT, the name of a pearly looking moSter procnred from the 
bitty or bleak, a flih of the genju cypttnue. This SBUliiioe« whiA is fonnd princi- 
pally at the base of the bcoIci , is nsed in the manufacture of ertifloiol ^rli. A large 
quantity of the scales being scraped into water in a tubw are there rubbed between the 
liaods to separate the shining stuft^ which subsides on repose. The first water being 
decanted, morels added with agitation till the essence is thoroughly washed from all 
impurities, when the whole is thrown upon a sieve ; the substance pirns through, but 
the scales are retained. The water being decanted off, the easence is procured in a 
viscid state, of a bluish-white colour, and a pearly aspect. The intestines of the 
^ame fish are also covered with this beautiful glistening matter. Several other fish 
>ield it, but in smaller proportion. When well prepared, it presents exactly the ap- 
pearance and reflections of the real pcar^ or the finest mother of pearl ; properties 
which are probably owing to the interposition of some portioosof this same substance 
between thu laminm of these shelly concretions. Its chemical nature has not been 
Investigated *, it putrefies rSadily when kept moist, an accident which may however 
bo counteracted by water of ammonia. See Pbabls. 

£T(/U1NG VARNISH. (Aetiwimd^DeclifimtMs, Germ.) Though the practice 
of this elegant art does not come within the scope of our Dictionary, the preparation of 
the varnishes, and of the biting menstroa which itimiploys, legitimately belongs to it. 

The varnish of Mr. Lawrence, an English artist resident in Pans, is made as 
follows : Take of virgin wax and asphoitum, each two ounces, of black pitch and 
borMndy-pitoh, each half an ounce. Melt the wax ahd pitch m a new earthenware 
|ks||| pot, and add to thtm, by deg[ree8, the osplialtum, finely powderi>d. Iiet the 
iQhM boil till such time as that, taking a drop upon a plate, it will break when it is 
col^ on bending it double two or three times betwixt the fingers. The varnish, 
being then enough boiled, must be taken off the fire, and after it cqols a little, must be 
poured into warm water, that it may work the more easily with the hmidB, so as to be 
formed into balls, which must be kneaded, and put into a piece of taffety for use. 

Care must be lakeu, first, that the fire be not too violent, for fear of baming the in- 
gredients, a slight simmering being snfficient } secondly, that whilst the gsphaltum is 
putting in, and even after it is mixed with the ingredients, they should W stirred con- 
tinually with the spatula ; and, thirdly, diat the water into which this composition is 
thrown should be nearly of the same degree of warmth with it, in order to prevent a 
kind of craeking that happens when the water is too cold. 

J^qtaratitm ^ the haH vamisA used by Callot, commonly catted the Florence Var- 

nkh Take four ounces of fat oil very clear, and made of good linseed oil, like that 

used by painters; heat it in a clean pot of glazed earthenware, and afterwards put to it 
four ounces of mastick well poisderec{, and stir the mixture briskly till the whole ho well 
melted, then pass the mass through a piece of fine linen intoaglass bottle with a long neck, 
that can be stopped veir securely; and keep it for the use that will be explained below. 

Method q /* applying the eoft vawnuih to the plate, and of hlachening it — The plate 
being well polished and burnished, as also cleansed firom all greasiness by chalk or 
Spanish white, fix a hand-vice on the edge of the plate where no work is intended to 
be, to serve as a handle for managing it when warm ; then put it upon a obaflng-^ish, 
in which there is a moderate fire, and cover the whole plate equally with a tlmn neat 
of the varnish ; and whilst the plate is wi^, and the varnish npon it in a fluid state, 
beat every part of the varnish gently with a small ball or dauber made of eettou 
tied up in tmflBty, which operation smooths and distributes the varnish equaR over 
thej^te. 

When the plate is thus nniibrmly and thinly covered with the varnish, it mpst he 
blackened by apiece cf flambeau, or of a large candle which nffords a copious sgioke; 
tometuiiM two or ep||yanr such candles are used tqgether for the sake of dfg&atch, 
that the twiiil^nay not grow cold, whioh if it does during Ike operation, t^plate 
most be heateAgain, that it may bt^ in a melted state when that operation is performed; 
but great ekre must la obtained not to bum it, whioh when it happens may be easily 
perceived by the varnish appearing burnt and losing its gloss. 

* The menitrunm used and recommended by TurreU, an eminent London artisi for 
etching upon Steel, was prepared as follows : — 

Take Pyrolimeous acid 4 parts by measure, 

• Aiooh(3 1 part, mix, and add 

Nitric acid 1 part 


ETHEB. 


S8» 


Thb BdMd UoMT is to b* tMlicd from I to IS niimtsi, MOMidtag to Os asp& 
dsiM. Vho nitric Mid was smplojcd th« Btreagtlictf riS—dlM dooUs «|aoftMis 

of the sbc^uu 

The eau forte or meoBtrtiiim for copper, used hy Cftthit, M also hy IPiraftesi, wHh a 
■light modidcatioD, U prepared, with 8 parts of strong French Tineas 
4 parhi of rerdigtii, 

4 ditto sea salt, 

4 ditto sol ammoniac, 

1 ditto alom, 

16 ditto water. 

The solid sabetaneei ate to lie well gitmnd, dissolred hi the vinegar, and diluted 
with the water ; the miMtnrc is now to be boiied for a wement, and then set aside to 
cool. This method is aradied to tihe washed, drifd, and eanished plate, after it has 
■aflbred the ordinary action of aqaafortii, in order to deepen and fmiiii the deiieale 
touches. It is at present ealied the eauftiH$ dposier. 

BTRER, OH*0. (Or, for four volumes of vapour, Ftfr Ae oMture qf 

Jtrnr-oohime/omMUe, see EatTivAnsntS, CatmacAL ) Sji», Solyhurtr sifter, Oricfii of 
ethjflet BU^c atVinic sifter* &c &o. By this term is knewn the very volatile flnid 
pr^ooed by the action on alcohol of snbsta&oes having a powcrfoi affinity for water, 
such as sulphuric acid. 

Pi^raiien on smiffl scah.— A o^cSons retort with a moderate aised tabalatntc is 
connected with an efficient oondensi|lg arrangement. Through the tubnlaturo passes 
a tube connected with a vessel foil ot spirit, sp. gr. 0*88. The tube mnst have a stop- 
cuefc to regulate the flow. A mixture being made of five parts of alcohol of foe density 
given ehorOf and nine parts of oil of vitriol, it is to be introduced into the retort, and 
a lamp fiame is to be so s4]nsted as to keep foe whole gently boiling. As soon snffiie 
uher begins to oome over, foe stopcock connected with the spirit reservoir is ImF 
turned snfliciently to keep foe flnid hi the retort at its original level. 

Preparation on large eeale. — The apparatus is to besiraaged on the same principle, 
but, for foar of flrsoture, may be constructed of cast iron, lined with ebeet lead in the 
part containing the mixture. The chief disadvantage of this arrangement is its 
opacity, whereby it becomes impossible to see the contents of the retort, and there- 
fore not ao easy to keep the liquid at its original level. In thia ease the quantity dis- 
tilling over must be noted and foe flow of apirit into the retort regulated accordingly. 
The most oonvenieut mode of proceeding is to have a large stone bottle wifo a tubii- 
lature at the side near the bottom (like a water filter) to hold the spirit A tube passes 
foom the bottle to the retort * ft has at the end, near the retort or still, a bend downwards 
lending into the tubnlature. if a glass still be used it must for safety bo placed in a 
sand EAth. The diatillate obtained, either on the large or small scale, is never pure 
other, bnt contains solphoroos and acetic acids, bwides water and alcohol. To 
remove these, the distillate is introduced, along with a little cream of lime, into a large 
separating globe, such u that mentioned under Bhomtnb. The whole is to be well 
agitated, and the lime solution then run off by means of foe stopcock. The narifled 
efoer still contains alcohol and water, to remove which it should rectlM In a 
water hath. The fluid will then constitute the efoer of eommeree. If the second 
distillation be pushed too fiir the ether will, if evaporated on the hand, leave an un- 
pleasant after smell, eharaoteristio of impure ether. If wished exceedingly pure, it 
must be shaken up in the separating globe, with pare water. This wul dissolve 
the alcohol and leave the ether, eonUuninated only by a little water, which may be 
removed by digestion with quicklime and redistillation at a very low temperature on 
a hot water hath. 

Fore efoer Is a ootoorleu mobile liquid, sp^ gr. 0*71. It boils at 9fi^ F. Tbs 
density (ff its vapour ii 8*56 (calculated). Gay-Lussac found it 2*586, 

The word etlUr, like that of alcohol, aldehyde, &o,, is now used as a generio term 
to express a body derived ftom an aioohol by the elimination of water. Many chemists 
write foe formula C*HK), and call it oxideof cfoyl in foe same manner as they vegsrd 
aloohdl as foe hydrated oxide of the same xadieaL But there is no Jost reason for 
depardng ftom the law we have laid down with reforence to the fonnoiai of omnic 
oomponnda. (See EomvAijniTS, Ckuiocal.) We shall foerefoie write efoer 
This riew has many advantages. We regard, with Gerhardt and WttUaniMm, efoer 
and aloohbl as derived from the type water. Alcohol is two atoms of water in which 
one equivalent of Mnm is replaced by etbyle; efoer is two atoms of water In 
vriiioh both atoms of hydiagen are replaced by that rsdieaL But thera afo a large 
class of cempodnd eths» fcmvable by a variety of processes. These tfom were 
long regarded as salts fat wmeh oxide of ethyls seted foe part of a htse. Thiis,whM 
butyrate of sofa was IUst&Ucd%ifo alcohol and sulphurio acid, foe rsialting product 
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EUDIOMETftB. 


two atomi «f mtar ; 




of jiyditaMif rejAacedl^tlioiidititlof 

an tlodhol, and tha other In the radical of an acid. In addition to thote there are 
othen more cloiely teaembling the limple ethen. They are founded alio on the 
water typCi both atomi of hydrom being replaced bv alcohol radlcali, but by 
different indiTldualf. They are ciuled mixed ethan. The following formulm show 
the chemiool coMtitntion of all theie Torieties plae^ fbr eompariion m Juxtapoiition 
with their type ; — 

^\(v cwIq, cw 


WaUr(2eqi.) Commou etiiar. Methylo-Hih} lie ether. Butjrrlo ether. 

In the abore formula the firit repreienti the type water* The Moond common ether, 
the two equiralenti of ethyle replaeinff the two of hydrogen. In the third, we have a 
mixed ether, one of the equivalents of hydrogen being rej^oed by ethyle and the other 
by methyle. The fourth illustration is that of a compound ether : one of the hydro* 
gens is there Replaced b^ ethyle^ and the other by the onidised radical of butyric acid. 

Ether is largely used in medicine and ohemiitiw. In small doses it acts as a power- 
fhl stimulant Inhaled in quantity it is an anasthetie. It is a most invaluable solvent 
in orginio chemistry for resinous, fotty, aud numerous other bodies.— C. O. W. See 


WiMb* “ Dictionary of Chemistry.** 
ethyl. The radicle of ordinary alcohol and ether. See Watts' ** Dictionary of 

Olefiant gas } biearbnretted hydrogen gas. See Gab i 

OLgriAifT Gas. 

ETHER, ACETIC, is used to flavour silent eom spirits in making Imitation 
bnmdy, it requires therefore some additional notice beyond the other ethers. It may 
hegirepared by mixing SO parts of acetate of lead, 10 parts of alcohol, and lU ii 
concentrated sulphuric acid; or 16 of the anhydrous acetate, 5 of the aeid, and 4} of 
absolute alcohol | dietilling the mixture in a glass retort into a very cold receiver, 
agitating along with weak potash lye the liquor which comes over, decanting the 
supernatant etner, and rectifying it by re-distillation over magnesia and ground 
charcoal. 


Olefiant gas } biearbnretted hydrogen gaa. See Gab i 


Acetic ether is a colourless liquid of a foagrant smell and punmt taste, of spec, 
grav. 0 866 at 45^ F., boiling at 166^ F., burning with a yeliowislr flKkne, and dis- 
engaging Aimes of acetic acid. It is soluble in 6 parts of water. 

AcoUc ether may be economically made with 3 parts of acetate of potadh, 3 of very 
atroug alcohol, and S of the strongest sulphurio acid, distilled together. The first 
product must re*diftilled along with one-fifth of its weight of sulphurio acid : as 
much ether will be obtained ai there was alcohol employed. 

ETHIOPS was the name given by the alchemists to certain blaek metallle pre- 
parations. Martial ethiops was the black oxide of iron ; mineral ethiops, IJ^ hibak 
sulphuret of meroniy j and ethiope nsr ss, the black oxide of mercnnr* 
ETHYLAMINE, An exceedingly volatile base, dicoovmdV Wortx. 

It is prodnoed in a great number of repotiona. Several alkaloUa existing in the 
animal and vegetable kingdoms afiM et^Uunlne on distillation witn potnsh. Its 
density at 476^ is 0*964. It boils at 66° F. It is regarded as ammenia In which 
an equivalent of hydrogen is replaced by ethyle.— C. G. W, 

ETIOLATION. Deprived of colour by being kept in the dark. Celery, aea- 
kale, and some other plants are purposely MmcM or etiolated by excluding the 
li^ht, this exclusion preventing the fonaation of the green oolooring matter 

EUCALYPTUS. The gum tree of the New Bdlandeia. Mr. Backhouse (Cbm- 
panion io the Botanical Magazine) says, ** We often find large cavities between the 
annual conoentrio oirolsa of the trunk foled with a most beantiftil red or rieh ver- 
miUsp-ooloured ttHlid gum, which flows out u coon as the saw haa afforded it an 
opening. Bgvenii^afieties of the Eucalyptus yield essential oils by dlstilladoD, 
which mayVb used Ibr soentiog soap, foo. There was a large coHeotion shown at 
the Exbintion i%A86i, in the AnitraUan seetioD. The gnm yielded by the Eueth 
fjfphu resiNi/h»w it Oimsidered by druggists a# not in the least inferior to the kind 
which ^e pfieroeanms or red saondeie wood of India produoes. 

EUDIOMETER, is the luune of anyaMiBratus submvient to the chemical exhiBi- 
nationof theatmospherio air. It means a nmm tre ef panfy, hut it ia employed mtralf 
tfi detemine the proportion of oxygen whirii It may contain. The exploriTi audh^ 
metera-in whieh about two measures of hydrsyen are introduced into a gradnathd glan 
tube oontaining five measures of atmotghiiMM air, and an electric apark is passed 
icross tbe mixture— is the best of all eaddammerst and of thesii Utm iVsmi foraa 
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propoied by Dr. Ure, in « pi(p«r publiihed by the Boyal Sode^ of Edinburgh in 1819, 
ie the ntoBt convenient 

EUGENIA. A genui of plant! of the order Myrtaeeas, called after Prince Eugene 
of Savoy, 

The most remarkable species of this genns is the allspice^ or pimento tree. See 
Pimento. 

EUK AIRITE. An ore of silver found in a cc^per mine in Sweden. According 
to Bercelins it consists of, 

Selenium *.**..^*26* 

Silver - -- -- -- -- 88*93 

Copper - - - - 93 05 

Earthy matter S'OO 

Carbonic acid, Ac. ------- 3'I9 

EUPHORBIACE^. The Spurge ftmily. Most of the plants of this order 
abound in a milky oend juice in which the peculiar principle of the plant resides 
It contains a great number of plants which are either useftu or daugerous to man. 
'I he Jahopha yields the manihot or cassava. The Kictnui is the castor-oil tree ; the 
i Voton, Cawarttla^ and BpXt and the caontchouc varieties, are included in this vast 
family of plants, which are found in all parts of the globe, and said to number 2800 
species. 

EUPIONE A flold first discovered ^ Reiehenbacb in wood tar. All the 
properties of enplone agree with the indifferent hydrocarbons found in Boghead 
naphtlio. rSee Naphtha, Boghbas.) Eupione is so indifferent to thejp|ion of 
anils, that it may be repeatedly treated with concentrated oil of vitriol, mHkming 
nitric acid, without any action taking place. Its density varies with the boiling 
point, fiom 0*633 to 0 740. It is said to be contained among the products of the 
distillation of rape oil There la no doubt that these hydrocarbons will, eventually, 
be of great value in the arts.^C. G. W. 

EUKITE. A granulous compound of feldspar and quarts, with sometimes garnet 

It generally occurs as veins, or as local masses in other gnnites, and rarely, 1 be- 
lieve, as veins traversing other rocks at a distance ftom granite. These, therefore, 
are probably veins of aegrentlon, or of injection durmu consolidation, and not of 
subsequent formation .*' — Studenfa ManwU of OeSogu, 

EUX ANTH INE The Purree or Indian yellow of India. See Indian Yeddow, 

EVAPORATION (Eng. and Fr. ; Abdampfin/ Abdunaten, Germ.) is the prutess 
by which any substance is converted into, and carried off, in vapour. Though ice, 
camphor, and many other solids evaporate readily m dry air, wc shall consider, at 
present, merely the vaporisation of water by heat artificially applied. 

The vapour of water is an elastic fluid, whose tension and deusity depend upon the 
temperature of the water with which it is in contact Thus the vapour rising from 
water heated to 165^ F. possesses an elastio force eapable of swporting a column of 
mercury 10*8 high; and its density is such that 80 cubic feet or snob vapour contain 
one pound weight of water ; whereas 32^ cubic feet of steam of the dimity cone- 
sponding to a temperature of 912^ and a pressure of 80 inches of mercury, weigh one 
pound. When the temperatnre of the water isgiven, the elasticity and specific gravity 
of the vapour emitted by it, may be found. 

Since the vapour risesftomthewater only in virtue of the elasticity dne to its gaieooi 
nature, it is obvious that no more con be produced, unless what ia already incumbent 
upon the Uquid have its tension abated, or be withdrawn by some means. Suppose the 
temperatnre of the water to be midway between fteeaing and boiling, vis. 122^ Fahr., 
as also that of the air in contact with it to be the same, but replete with moisture, so 
that Its interstitial spaces ore filled with vapour of corresponding elasticity and^eoifio 
gravity with that given off by the water, it is eertain that noftm formation of vapour 
can take place in these ciroumstances. But the moment a portion of vapour Is allowed 
to escape, or is drawn off by condensation to another vessel, an equivalent portion of 
vapour be immediately eabaled from the water. 

depressure of the air and of other vapours upon the snrliwe of water in an open vessel, 
does not prevent evaporation of the liquid ; it merely retards its progress. BEperienot 
shows that the space filled with an elastic ffnid, as air or otherffaieoQShody,i8caMhU 
of receiving at much aqueous vapour as if it were vacuous, only the veplmn of that 
space wiUi the vapour proceeds more slowly in the fimner predicament than In the 
latter, but in bom caiea it arrives eventuwy at the same pitch. Dr. Dalton very 
ingeniously proved, that the particles of aeriform bodies pTcsent no permanent obttaeiai 
to the intrmuetiott of a gaaeona atmosphere of another kind among them, but merely 
obstmot ill dtflhsion momentarily, as if by a species of friettoo. Uenes^csbalatiini at 
•tmoapberie temperrtuNi is piuoioted tj the meribansoel diflhihm of tlie teponsq 
Von. II. R 
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cbrooith tlw air with vantilatiof ftuis or ehimiii 7 dnm(|liti i HhtmA andcr brisk ebul- 
IHton, tbs fbrss of the 1101011 rssdilj ovoroonss that noobonScol obstmelion 

Tbs qustitiiKs of wstsr sTSporatsd under different tsaipsrmtnrfs m like times, ore 
propc»rtionsl to ibe ebutieltiss of the tteinn eoiTee|N>Ddiiif to these Umperstores. A 
YIHW 4 1 of boilinff wotsT exposing s sqiisre fbot of sur&ee to the Are, exspomtes about 
79A grains in the minute, the elssticitj of the rsponr Is equirslent to 00 inches of 
meivury To And the <msntity that would be eraporatsd mm the same surftce per 
adnate at a best of 88^ r — At this teinperaturu the steam incumbent upon water is 
eapable of supporting 1 98 inch of mercury , whence the rule of proportion is 
I 785 90*83 I showing that about 31 grains of water would be eraporated in 
the minute If the air eontaina already some aqueons vapour, as it commonly docs 
then the quantitv of evaporation will lie proportional to the differenee between thi 
elastie Airce of that vapour, and what nstt from the water. 

Suppose the air to be in the hygrometne state denoted by 0 38 rd an inch of 
mercury, then the above formula will become 30 I 98 — 038 ** 795 91 41 , show- 
ing that not more than 81^ grams would be evaporated per mmute under these 
eirrnmstaneee 

The elastic tension of the atmoaphene vapoar is readily ascertained by the old ex- 
peninent of I a Roi, which consists m Ailing a glass cylinder (a narrow tumbler for 
esampli) with cold spring water, and noting its temperature at tlio instant it be- 
tomes so warm Uiat dew etaset to he dipositid upon iL This temperature 11 that 
which torruspouds to the elastic tension of the atmospheno vapour See Vapour, 
Table of 

Whenever the elasticity of the vapour, corresponding to the temperature of the 
water, is grtaler than the atmospheric prtssure, the evaporation will take place not 
only fVom its suHhoe, but (tom every point in its interior , the hquid particles 
throughout the mass assuming the gaseous form, as rapidly as they are actuated by 
the calono, which eubverts the hydroetotic equilibrium among them, to constitute th« 
phenoniens of ebullition This tarhulent vsporisstion takes plsoe st sny temperstore, 
eviu down to the freesing point, provided the pneumstio pressnre be removed from 
the liquid by the air pump, or any other meant tbnlliiion always accelerates eva- 
IMimtKin, ns it serves to esrry off the aqueous particles not simply from the surfkce, 
hut from the whok body of the water 

The vapours ixhsled Arom a liquid at any temperature contain moreJieat than the 
Auid from wbiih thiy sprmg, and they cease to form whenever the Apply of beat 
into the liquid is stopp^ Any volume of water requires for its convtrsion into 
vspoiir about /iw iisiet as much heat u is loAlcient to neat it frtim the fteciing to the 
iKiiling temperature The beat, in the former case, seems to be absorbed, being inap- 
prtciablc by the thermometer, for steam is no hotter thin the boihog water from 
which It ritis It has been therefore called by Dr Black, latent hmt, in contradis- 
tinction to that perceived by the touch and measured by the thcrmomeler, which is 
cjilied eesiviA/e heat The quantity of heat absorbed by one volume of water in its con- 
veisioo into steam, is about 1000^ Fahr , it would be adequate to heat 1000 volumes 
of waitr, one degree of the same scale Were the vesM charged with water 10 
heated, optued, it would be instantaneously empued by vuDonsation, sines the whole 
caloric, equivsieot to its oonsutution as steam, » present w hen upon the other hand, 
steam is condeusud by contset with cold substances, so much heat is set free as is 
oarable of boating about Ave times lU weight gf water from 89^ to 219^ F 

Equal weighu of vapour of any temperature contain equal quantities of heat . for 
example, the vapour exhaled from one pound of water, at 77^ F , absorbs during its 
formation, and will give out in its condensation, umnoh heat aa the steam produced by 
one pound of water at 819^ F The Arst portion of vapour with a tension wSO inches, 
oecnpies a space of 97 SI cubic foet , the second, with a tension of 0 92 meh, occupies 
a space of 890 cubic Ihet * Suppose that these 890 volumes were to be compressed 
into 97 31 in a cylinder capable of oonAnmg the heat, the temperature of the vapour 
would rise to 91^, in virtue of the condvusation, as air beeomei so hot bv 

compression as to ignite amadoH. The latent heat of steam at 219^ F. ui 

118UO«. iso^tlOO, Chat of vapour, at 77^ is 1183-45-1135 t so that, in foet. 
the lower the temperature at which the vapour is exhaled, the greater Is its latent heat, 
as Joseph Black and James Watt long ago proved by experiments upon diatiUaticn 
and the ateam engine. 

From the preceding rssearehsa i| follows, that evaporation may be effected upon 
two different plana — ^ 

1 Under the ordinary premumorw atmospherei and that either. 


* One pound nvolrdupol* of wM . 

* thsiefrre 

MMiom so »si moettMeftsi. 


— ir TS eM iBehM one coble Inch of wslsr I 

oas po^ or wsiw wlU fonn W SI cubic M «r sash fSHin I 
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A, hy cstcmAl appUcAtioQ of htet to boUen, with a, m open flit ) fl, iteain i o, hot 
liquid wfdM. 

n, by evapontioQ vith air t a, at the ofdioary tamperatoft of the ataaoephere t b, 
by eurreoti of warm air. 

S. lender progreahrely lower degreea of preMure thon the atmoaphario, down to 
craftoratioa in aa perf«< t a vaeaam as ean he made. 

It is generally aflimied, that a thick mHalltc botlrr ubatmcta the paasM of the 
heat through H so much more than a thin one, as to make a eonaiderabts dilftnsnceln 
tlirir relative powers of evaporating liqiikla Dr. I^re slalao that he made a aeries of 
e«}>eroiients ujion this iubJeet Two cyliodrieal rivpper pans, of equal dimensions, 
wore provided} hut the metal of theooe was twelve times thiokcr Ulan that of the 
other. Kaeh being eharged with an equal volume of water, and plaeed either iimm 
the same hot plate of iroii. or iiummed, to a eertaifi dapth, in a hot aolution of muriate 
of lime, he found that the ebullition was greatly more vigorous in the thick than 
in the thin vessel, wbieh he ascribed to the eondui'ting aub^aaoe up the sides, abovo 
tho eontact of the somraa of heat, being IS times greater in the Ibrroer oaie than In the 
latter. 

If the bottom of a pan, and the portlonsof the sidei, immersed In a lint fluid medium, 
s'diition of raustif potash or nninate of lime, fhr example, be cormgated, ao aa to eim* 
lain a double expanse of metallic surfuoe, that pan will evaporate exactly dtiobli the 
quantity of water, in a given time, which a like pan, with smooth bottom and aides, 
wilt do immersed equally deep in the aamc bath. If the oorrugatiuns contain tlwwe 
tunei the quantity of metallic suHki'c, the evaporation will be threefold in tho alkove 
4 ’rcamttaneet But if the imo, with the eaase eormgated bottom and sidee, bo set 
o%er a Are. or in an ohlung nue. so that theournmt of flame may sweep along the eor- 
rugntioni, it will evaporate no more water from Its interior than a smooth pan of like 
shape and diinensiona placed alongside in same flue, or over the same lire. This 
curious fret l>r. lire sutes he has verified upon modeb constructed with many modi- 
flcailons. Among others, he eansed a cylindrical pan, 10 inches diameter, and G 
inehee deep, to be made of tin-plate, with a vertical plate soldered aeruss its diameter \ 
dividing it into two equal iemi«cylindricat oompartments. One of these was smooth 
at the b^tom, the other oormgaM t the former afforded as rapid an evaporation over 
the naked fire as the latter, but it was hr outstripped by its neighbour when plunged 
into tho heated liquid meiUuni. 

If a shallow pan of extensive surfree be heated by a inbjaoent fire, by a liquid 
medium, or a series of steam pipes upon its bottom ; It will give off less vapour in tho 
lame dme when it is left open, than when partially covered. In the former cose, tho 
cool incumbent air precipitates by condenaation a portion of the steam, and also op- 
poses considerable mechanical reeistance to tho diffusion of the Tsporons particles. 
In the latter case, u the steam issues with concentrated force and velocity from the 
contracted orifice, the air muit offer less proportional resistance, upon the known 
hydrostatic principle of the pressure being as the areas of the respective bases of tho 
eommunieating vessels. 

In evaporating by sarfiwes heated with ordinary ateam, it most be borne in mind 
that a aurfhee or 10 square feet will evaporau* fhUy coo ponnd of water per minute, or 
785 K 10*7250 gr., toe fame aa over a naked fire ; conwquently the condeniing sur- 
face moat be equally extensive. Suppose that the vessel is to receiveof water 8500 Iba., 
which oonCepoods to a boiler 5 licet ling, 4 broad, and 8 deep, being 40 cubic feet by 
measnre, and kc there be bid over the bottom of this vessel 6 connected tubes, each 
4 inchea in dumeter snd 5 feet long, possessing therefore a snrfiuMi of 4*8 feet square. 
If charged with steam, they will cause the evaporation of half a pound of water per 
minute. The boiler to aapply the steam for this purpoM most expose a sorikoeof 4‘8 
square foct to the firs. It has been proved cxpcnmeniiUy that 10 squtrs foet surfsoe 
or thin copper can condense 3 lbs. of steam per minute, with a difference of tempera- 
ture of 90 degtese Fahr. In the above example, to equare feet evaporate 1 lb of 
water per minute t the temperatore of the evsporating fluid being 918® F., eonee- 
quently 8:1 :: 90 : f. Daring this evaporation the difference of the tempemre b 
tlierefore*30®. Gou^nently the heat of the steam placed in oonneeiion with the 
interior of the boiler, to prodnoe the calcnlated evaporation, should be, 818^30* 
848®, eomsponding to tn elastic force of 53*6 inches of mercury. Were the tempo- 
mtnrc of the meam only 884, the same boiler fas the same time would prodnoe a di- 
minished qnantity of stenm, in the proportion of 19 to 80 1 or to produce the same 
quantity the boiler or tubular snrflwe snoold lMi#Blarged in ths,(roporlion cf 80 to 
19. In general, howevertSleem boUen employed fisr IhbsBode of evapontion are of 
sneh eapneity le to girt aa vnfoiUng iBMiy of stem. 

We shall now Ulostrate by seme pcouW forttiu of a pp et ala s , diffetial gystenw of 
evapoiaiioB. fli|g. 799 explalas the principles of eva p ot i tif la vaeao. A a repre* 

at 
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§tnt§ a pail or krttir charged with the liquor to bo evaporated. The loinewhat wide 
orifloo c, iiHJured with a lerew-plug, aervca to admit the band for the purpose of 

729 



t loaning it tUoronghly out when the operation is finished , h is the pipe of eommniii- 
oatioii with the steam boiler, 6 is a tube prolongeil and then bent down with its end 
phingul into the liquor to be e^Bpor4lted, contained in the charging back (not shown 
111 the figuM ) II IS u ghiss tuln coiiimuntcatiiig witli the \aciinm pan^tt the top and 
Ixittoiii, to show by the hught of the column the quantity of liquid within. The 
etliiciioii evaporating pipe c is piovided with a Mop-cock to cut off the communication 
when riHiuirvd. t is a tube for the discharge of the an and the water from the bU^aiii- 
casc or jiickct . the refi iterator k ib best formed of thin copper tubes about 1 inch in 
iliumekr, arranged sig-xig oi spirally like the worm of a still m a cylinder. 'I’hc 
Miiiall an -tight tomUnser reconnected with the efflux pqie/ of the refrigerator, is 
fuinibliLd ImIow with adisehurge cock p, and surrounded by a cooling case, for the 
col lection of the eater coiidciistd by the refi igt^rator. In its upper part there is a 
tulH* X, alMi furnished with a cock, which communicates with the steam boiler, and 
through which the pan A n is heatcnL 

The opi'ration ot this appamtufl is os follows: after opening the cocks c,/, g, and 
before admitting the cold water into the condenser ib, the cock of the pipe k is opened, 
in order that by injecting steam it may expel the included air ; after which the cocks 
k and g are to be shut The water must now be introduced into the condenser, and 
the cock b opened, whereon the liquid to be evaporated rises from the charging liaek, 
through the tube b, and replenishes the vacuum (lan to the proper height, as shown by 
the n^gibter glass tube u. Whenever the desired evaporation or concentration is 
effected, the eock c must be closed, the pipe k opened, so as to fill the pan with steam, 
and then the efflux cock a la opened to discharge the reiiduary liquor. By shutting 
the cocks tt and A, and opening the cock 6, the pan will ohargo itaelf afresh with hqoor, 
and the operation will be begun anew, after 6 baa been shot and c opened. 

The oontoiHof the dose water cistern r, may be drasm off dunng each operation. 
For this pnfHc, the cook/must first be shut, the cold water is to be then ran out of 
the condenser o, and k and g are to be opened. The steam enterino by k makes the 
water flow, but whenever the steam itself issues ftrom the eock g, this orifice must be 
immediately shut, the cook/ opened, and the cold water again introduced, where- 
ujion the condensed water that had meanwhile collected in the under part of the 
lefrigerator, flows off into thg ooadenser vessel r. Since some air always enters with 
the liquor sucked into the paii, it moat be removed at the time of drawing off the 
water from the two oondoiMen^ by driving steam through the apparatus. This 
iioeos^ity will be less orgeat if the hqoor he made to boil befurc being introdoeed into 
the vacuum pan. 

Such an apparatus may be modified In aise and arrangement to suit the peeoliar 
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object ia view, when it will be j^ectlj adafited for the conoentntion of eitrachi of 
every kind, aa well ea aaline aolutiona emitaiauig vegetable aekla or alkaliea. The 
interior veeael a b should be made of tinned or plat^ copper. For an account of 
Howard's vacuum pan, made umm the some principle, see ntroAB. 

When a boiler is eat over a fire, iu bottom should not tic placed too near the mte, 
lest it refrigerate the flaine, and prevent that vivid combustion of the ftiel essi'onnl to 
the maximum prodoetion of beat by its means. The evil influence of leaving too 
little room between the grate and the copper may be illultrated by a very simple 
experiment. If a small copper or poroelatn capsule ooutamiiig water be held civer 
the flame of a candle a little way above Ua apex, the flame will -suffer no abatement of 
brightness or sise, but will contiime to keep the wst^ briskly boiling. If the capsule 
be now lower(*d into the middle of die flame, this will immediately lose Ita brighttieiw, 
bectmiing dull aud amok} covering the bottom <d‘ the capsule with soot; ami. owing 
to the imperfect combustion, though the water is now sutrouiided by the flame, its 
i'bnltition will cease. 

/•Vy. 7:10 is a Si'CkioD of two eva]>orating coppers en awtle, so mounted aa to favour 
the full combuation of tliu fuel, a is the hearth, in which wood or coal may bo 



burned. For coal, the grate should be set higher and bo somewhat amaller. a is the 
d<H>r for feeding the Are t d, an arch of fire-bricks over the hearth; e, a grate through 
which the ashes fall into the pit beneath, capable of being closed in front to any 
extent by a sliding door 6, n and c are two coppers encased in brickwork ; / the 
flue. At the end of the hearth near m, where the fire plays first upon the copper, 
the sole is made mewhat lower and wider, to promote the spreading of the name 
under the vessel. The second copper c, receives the benefit of the waste heat; it 
may be placed upon a higher level, ao as to discharge ita concentrated liquor by a 
stop-cock or siphon into the first 

/Vy. 731 represents a pan for evaporaUng liquids, which are apt, during ooncentm- 
tion, to let fUl crystals or other sediment 

These would he injured either by the fire 
playing upon the bottom of the pan, or, by 
•dhesion to it, they would allow the metal to 
get red hot, and in that atate mn every risk 
of being burnt or rent on the sudden intrusion 
of n little liquor through the incrustatiou. 
When large coppers have their bottoma 

E lauted in loam, so that the flame circulates 
1 flues round their sides, they are said to be 
wld-Kt, 

A is a pear-shaped pan, charged with the 
liquid to be evaporuted t it ia fumiahed with 
a dome cover, in which there is an opening 
with a flange /, for attaching a tube, to con- 
duct the ateam wherever it may bo required, 
a ia the flre-plaeo} ^ the aah-plt The 
conical part terminates below in the tube g, 
fumishtd with a atop-coek at iu nocale A. 
Through the tube c<f c<, fhmiahed above nod 
below wifli theilop-eoeki c and the liquid 
ia run from the chiniing babk or tnaervoir. 
During the operatioii, the upper oock c ia kept parUallj open, to lepliee the ibid aa 
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{( •VBpmtrt j bat cb(* under cock in shut. The flame IVom the Are- place playi 
rotind the kettle lu the apace r« ond the ainoke eacupea downwnrda through the flue t 
(iito the chiiiiuey. The lower cylindrieal part p reniaiiia thua c<»iiipurBtive]> o<n*I. 
and eollfela the er^atnllino or other aulid tnatur. Alter auiiie time, the under atnp. 
em'k r'. u|N>n the aMpply'liipe, is to he opened to admit aiiiiic of the eold liquor into 
the e^liiidneal neek. That co<k iMttig ogam ohut, the sediment aettU^, uiid the 
I irge stop-rtK'k (a hurisoiital aide valve would be preferable) h opened, the cr>MuU 
an tkiitlered to deaeend into the subjacent receiver; alter which the atop-coek h ibsliut 
.Hill the oiH*rution is eoiitiiiueiL A eoiinttuetion upon this piinciple ia well udapied 
loi heating dyeing cop|»ers, in wliieh the Meiliimnt should not be diattirbed, or es pulsed 
to the aetiuti of the fire. The flre-plaee aiionld Ik* built as fur the iirewiog cop|H*r. 

l\y. 7tl'i repreaeiita nil oblong evapoiatiiig pun, in which the flame, after beating 
along italKittum, tunia 
up Ht ita further end, 
plo^a back along ita 
aiirluec. iind paiaea olT 
into the chimney, a 
iH A reciangulurvcaael, 
fnnn 10 to IS feet 
long, 4 to 6 feet broad, 
and I or 1 ^ feet deep. 

TIm fire micka. iii>oii 

which the poju reat«t, are ao arrangid to diatribiite the flame equally along its bottom. 

Liddeiifroat in l7Sfi (Jniiu/M r/c f Tumic) nbaerved some remarkable facta eoniiectetl 
with eva|Kirat4oti, wliieh hove aiiicc received some striking illustration from the 
experiuitfiittofM. Ihuitigny. 

When water IS thrown on s plate luxated considerably above the boiling |)oint of 
water, tlie liquid aMaiiiiics a spheroidal form, and this condition has hence received the 
name of the ** spheroidal state.** This water rolls about like melted cr>stal without 
any si^us of ebullition, and it is dissipated but very slowly. The explanation usually 
gi\eii IS as follows The cause of the phenomena appears to be this, water exhibits 
ikii attraction for the surface of almost all solids, and wets them ; fluid mercury exhibits 
the opposite property, or repulsion for most surfaces. The attrneti^ of water for 
surfaci's brings it Into the closest contact with them, and greatly promotes the com- 
muiiieatioti of heat by a heatcil vessel to the water contained in it. Hut heat apiH*urs 
to dcvelofK' a repulsive power in bodies, and it is probable that, above a peculiar tem- 
perature, the heated metal no longer jiossesses tliis attraction for water. The water 
not iKMiig nttiacte<l to the surface of the hot metal, and induced to spread over it, is 
not rapidly heated, and therefore boils off slowly.” — Oraham, 

*rhc explanation (pvcii by this excellent authority on all matters connected with 
physico-cheniieal science has lieen selected as representing fairly the prevailing 
view. Jt is not, however, quite satisfactory. The water is said to be at a sensible 
distance (hini the hot jilatc, and a layer of aqueous vapour of very high temperature 
IS known to surround the water, and yet the spheroidal water does not acquire the 
boiling temperature. Here is evidence of some peculiar, and as yet nnexplained 
condition, belonging, either to heat of a certain kind or degree, or to the molecules of 
the body under its influence. 

Houtigny observed that water may pass into the spheroidal state at any temperatare 
above 34ir F., and remain in that state until the temperature falls to 288^ F., when 
evn|M)ration rapidly ensues. Ether and alcohol pass into the spheroidal atate at 1 42° F. 
and 273° F. A themioiuetcr being plunged in liquids while in the spberoi^l state, 
indicated the following temperatures: — 

Water - 208*7° F. 

Absolute alcohol ------ 167*9 

Ethe r 9S’6 

Slrocliloric ether • • . . . 50*9 

Sulphurous acid 13*1 

All these being some degrees below the boiling temperature of those fluids. 

Houtigny hog shown Uiat the vapour escaping from water In the spheroidal state, 
although it has a very elevated temperature, does not possess the nsual elasticity of 
i^teani ; it does not exert an ezpansivn power. But if the vessel from which the 
^ uponr is forming is allowed to cool, to a oertoin point, a degree of elasticity equal to 
the elevated temperature of the vaMor is suddenly exerte£ This » supposed by 
Hout igny to explain many ateom boiler explosions. 

Whenever evaporation takes place, it should be remembered, it prodnees eold 
— that IS, it lowers the tempentare of the body from which the evapontion is taking 




247 


i:}tPANS[ON. 

place. Lealie, by the eTaponticn of ether in raciUK flroie mercury. Thilorier 
dified carbonic acid by the inteoie cold prodnciHl by its own evaporation Bouiigny 
froae water in a red hot veuel, by the evaporation of sulphuroas acid from the heau*d 
veieel in which the water ta in the ipheroidal state. 

Further remarks on these points will be Ibond under the heads respectively of 
Coal, VAronn. 

EXOGENOUS. A botanical term, signifying gtowlag additkni to the outer 
parts of the stem. 

KXOSMOSE and END08M0SE. As some manofiMturing pmcewes involve the 
pheuounma expressed by these two words, it appears neosssary hriefly to explain them. 

When two liqaids are separated by a porous sheet of animal membrane, unglaiod 
earthen wara^ porous stone, or clay, these liquids grsdt^ly diffuse themselves; and 
supposing s^t and water to be on one tide el the diviaion, and water only on the 
other, the saline solution passes in one direetioD, while the water, though with lees 
intcusit) , paseeH in another. 

Instead <tf the two words Introduced by Dntroehet. Frofussor Qrsham proposes the 
use of the single term Osmose (from deget, impulsion). 

It wss siippoMHl that there was. at the same time, an tmpulatve farce mating frnm without 
and another acting from within ; that there was indeed a carrent^oiriap in. and another 
jhnrmg amt It however appion to lie proved that the ossmss b«»tween water and saline 
*Molacioiis,c<»usists not in the passage of two liquid currents, but in the passage of particles 
(it Che salt in cue direction, and of pure water in the other. Professor Graham has 
ohserv«>d, that coiiimon salt diffuses into water, through a thin metnbrane of ox-bladder 
deprived ol its outer muscnlur coating, at the satue rate as when nr membrane is 
intermed. lliis force piays an important |>art in the friaetions of life, and It will be 
found to explain mauy of the phenomena associated with Dyeing, Tanning, fob 
Sec OsMoax Foacx. 

The stem laries in stmrtnre in four principal ways. It ia either formed by auoces- 
sive additions to the outside of the wood, when it is called empenoes, or by successive 
additions to its centre, when it is called eadi^eaoM. or by the union of the basics of leaves, 
luid the extension of the point of the ax^ which is called aeropnous, or by simple 
elongation or dilatation where no leaves or buds exist, as among 7na//opms. — /^mdny. 

EXPANSION (Eng and Pr.{ AaidrAnanp, Germ.) is the increase of bulk cx- 
l>erieneed by all bodies when heated, unless a change iu molecular arrangement takea 
[ilace, as in the case of clays iu the potter’s kiln. 

Table 1. exhibits the linear expansion of several solids by an increase of temperaturu 
ftwm 33^ to 318^ Fahr.} Table 11. exhibits the expansion in bulk of certain liquids. 


TABLE L-^Zinaar Ddatatum of Saiida Inf JhaU 
Dimensions which a bar takes at 818^ whose length at 88^ is 1*0000001 


Subctsnccs. 

Aatborlif. 

Dllatattoa 

In 

DwInMlii, 

SmBE!! 

GIsss tube • • 

— 'I-— 



1*0(X>8S9SS 


do. • - 




1*00077615 


do. • • 



Dciue's mean 

1*00008800 

tfll 

do. - 



Oulong and Patit - 

1*00060130 

Tfrs 

do. - 



Lavoiw and laulaoa 

1*00061186 

rin 

Plate glosi 



da da. 

1 •000600690 

X 

do. crown glam 



da da 

1*00067578 


do. do. • 



da Ho. 

1*00069780 


do. db • 



da da 

1*00091751 


da rod 



Roy* - • 

1 00060787 


fled 



Boy, as glass 

— 


Platina • 



Borda 

1*00085655 


da - 



Dulong and Petit - 

10008M90 

lAf 

do. • • 



Trougbton - 

1*00099180 


do. and gjUm - 



Bertl^d • 

1*00110000 


Palladium • •• 



WolUston . 

1*00100000 


Antimony • 



Smeaton 

1*00108900 


Cast-ifon prism 




1*00110940 


Cost-inm • 



Lavoisier, by Dr.Toong 

1*00111111 


filad 



Troughton - 

l4Xn 16990 


Siaelfod - 

m 


Boy- 

1*00114470 


Bfistoradslsri 

m 


PbU.Trana 1785,488 

1*00118500 


da - - 



Smcolon • 

100115000 
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SutI not tcinpcri*d • 


flo. do • • 

do. tompcrod yellow 
dfi. do. do. - 

do do. do ni A higher li 
Steel - • . 

lUrd eteel . - - 

Annealed iteel 
*J empered iteel 
I ron • - - 

do. * . - 

Soft iron, forged 
lloiind iron, « ire draw n 
Iron wire • - - 

Iron • - - 

lliftoitith 

Aniiealcil gold 
Gold 

do. procured by parting - 
do, Parii atAiidard, ununtieBled 
do. do. Aiinciilvd 

Copper - - - 

do. . . • 


do. 

do Alt higher licnt 


t'BHt brat^ - • - 

b.uglmb piate-brAii, in rod - 


do. do. ill A trough forni| 
Kraw . • • 

llraw wire * - • 

llraaa . • - 

(*opper 0, tin I • 
bilror . • • 

do, - • - 

do. - • • 

do. ofeupel • 

do. Paria atandard 
Silver . - • 

llraav 16, tin 1 
Speeulum metal 
Spelter eoldcr; braaa 9, line 1 
Malacca tin • 

Tin from Falmouth « 

Fine pewter ^ • 

Grain tin^ 

Tin H 

Soft raider ; lead 2, tin 1 » 

Zinc 8, tin 1, a little hammered 
I.ead 

do. . • • 

Zinc . . - 

Zinc, hammered out ( inch per foot 
Glnsa, from S2® to 219® 
do. from 912^ to 892® - 
do. from 392® to 579® - 


Autborlly. 

I>IUutinn 

in 

DfCluaU 

IjAvoiaicr and Ijtplaca 

1 00107875 

do. do. 


1 ’00107056 

do. do. 


1-00136900 

do. do. 


1 -001 38600 

do. do. 


1*00193956 

Troughtou • 


1*00118980 

Sincaton • 


1*00199500 

Mu^clienbrock 


1*00122(XX) 

do. 


1*001.37000 

Ibtrda 


1 001150(0 

Sme.tton 


1 00125800 

l.avuisier ami lianlorv 

1 (0122045 

do. do. 


1 -(X)! 23.304 

'rroiighton - 

- 

1 (X)144()10 

Dulmig ond Petit 

- 

1 (x>i 1 vyiw 

Kineaton 

- 

J *001.39200 

Miiaelienhroek 

. 

I OOMOtXX) 

Lllieut. hy compnriHon 

KX)1 50000 

IjavoiMiei and ijinlace 

1*(X)I4(>6()(; 

do. do. 


1-00155155 

do. do. 


1*00151361 

Muwhenhroek 

• 

1-0019100 

LiAvoiaicr and Laplace 

1*00172244 

do. do. 


1-00171222 

Troughton - 

• 

1 00191880 

Dulong and Petit 

. 

1-00171891 

Borda 

• 

1*00178300 

I.av oilier and lAplace 

1 *00116671 

do, do. 


l*QOra8971 

Uoy - - 


1-00185540 

Sinenton 


1*00187500 

llo} • 


1*00189980 

do. • 


1*00189400 

Troughton - 


1*00191880 

•SnuMtoii 


1 *0019.3000 

Musihenhro^k 


1-00216000 

.Snic.icon 

. 

1-001 81 700 

Ilertiert 


1-00189000 

Kllicol, hy comparison 

1*0091000 

Muichonhroek 

- 

1 <0021 2000 

Lavoisier and Laplace 

1*00190974 

do, do. 


1*00190868 

Troughton • 

• 

1 -0020826 

SmMton 

• 

1*00190800 

do. 

• 

1*00199300 

do. 

• 

1 *00205800 

Laivoi<«ier and Lapli 

lee 

1 00193765 

do. do. 


1-00217998 

Smeaton 


1*00298300 

do. 


1*00248300 

Muaehenbroek 


1*00284000 

Smeaton 


1-00250800 

do. 


1-00269200 

Lavoisier and Laplace 

1 *00284836 

Smeaton 

. 

1 *00286700 

do. 

• 

1*00294200 

do. 

- 

1*00301100 

Dulong and Petit 

• 

1-00086190 

do. da 


1*00091827 

do. do. 



1-000101114 



The lait two meaiuremente by an air thermometer. 
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TABLE IL — Er/NUtwoii of eertatn Liquidt hjf being ktaiedfrom lo 31 9^ 


SabtUDcei. 

Anlherlty 



Biiwniten 

X>aeliMlai 

Ri Million 

In Vulssr 
Praeiioui. 

Mercury . • - • • 

Dulong and Petit. 


0*01i(>1800 

fi'S 

do. in glass . • . 

do. 


do. 


01)1043200 

A 


KIrwan 




04.1 12 



Dalton 




OHfiOO 

A 

Nitric acid (sp. gr. 1 40) 

do. 




0*1100 

1 

Sulphuric acid (sp. gr. 1 83) 

do. 




01)800 

w 

\lcohol (to Its boiling p^not) 7 

d<x 




0*1 UH) 

I 

ai»T . . • - . 

do. 




0 0460 

A 

Wairr, saturated with common salt 

do. 





A 

Sulphuric ether (to itsbotlmg point )? 

do. 




0-0700 

1 

Fixed oils 

do. 




oo^oo 

t4-i 

Oil of turpi'iitinc . - * - 

do. 




0U700 

A 

If the <li nsity of water at Iw called 




1-00000, 


at 212^ It becomes 

- 

- 

• 

• 

0-0148, 


and Its volume has increased to 


. 

1D4734 1 


lit 77 ^ it lu comes - 

- 

- 

- 

- 

0-0073587, 


and iia Toltiinc hnii incroatud lo only - 1‘003A5, 

irhicb, t1 onpYt nan fourth of tho whole range of temperature, ia only ^ of the tofal 
expAUMon W »u*r at F. has a in»eeific giavity of - (VD9i)13^*3, 

and liaN iticreaafd in %olume from 31*^^ to I 00008, 
which if only about ^ of th*. total expanaioa to 212^^ nith of the total range of 
h'lniK'raturo. 

All guMi expand the name quantity by the tame mereaae of temperature, whi«*h 
from to 2 12 * Fahr. ^ tj)( ' or luO volumei become 1 370, For each degree of 
Fahr the «*xpinhion ih 

When dry air la aatiirated with moigtore, its bulk mcrcaacf, and its specific gravity 
diminikheg, lx cause aqueous >upour is less dense than air, at like temperatures. 

The following Table gives the multipliers to be employed for converting one volume 
of moist gas at the s< viral temperatures, into a volume of dry gas. 


r<*mpf>riitu «. 

Mulifplur. 

1 rmiMfraiure. 

Multiplier. 

.13* F. 

0 '1870 

64'> 

0-9790 

04 

0 <)8t>4 

60 

0 9703 

61 

OOH18 

66 

0 0786 

.ir, 

0 9852 

67 

0*9779 

67 

0-9840 

68 

0*0772 

58 

0 0839 

69 

0-0765 

00 

0-9833 

70 

0*9758 

CO 

0-0827 

71 

0-9751 

61 

0 9920 

73 

0*0743 

63 

0*9813 

73 

0*9739 

63 

0*9806 




T.avoisier and l^aplacc arrived, after an extensive series of experiments, at the two 
important conclnsions following * — 

Ist. All solid bodies whatever, bebg gradoally heated firnm the temperatnre of 
melting ice to that of boilug water, and then griMnally cooled from the temperature 
of boiling water to that of mehing iee, will be fonnd to have exactly the same diniefi- 
siiKis at the aame temperature dnnng the proeesa of beatine and cooling; the gradoal 
dtminntioD of bnlk in cooling eorresponduig exactly with the gradiutl increase of 
bulk in beating. 

2od. Olaaa and meUdlie bodies gradoally heated from the temperatore of melting 
ice to that of boiling water, undergo degreee of expanakm proportional to thoae S 
merenry at the same temperature ; that » to say, bMween tbo limits just mentionod, 
tbe expansion of the solid conrespondiag to two degrees of the thennomelcr, is twice 
the exponsion which corresponds to ooe degree, tbe expaosioii which correspond to 
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time degreee b throe timei the ezpenei<m which eorreepondi to one degiw^ end lo 
on I the quanticy of eEpaneion being maltiplied in the Mine proportion u the number 
of degree through which the thermometer haa rben ia mnltiplied. See IIkat, 
i^tnlncr'a Cyckmedm, 

Kxperimvnta by Frcenol, Forbca, Powell, TrerelyAn, and Tyndal have a tendency 
to prove that heat occaaiona a repulsion between the paiticlea of matter at small dia- 
tunrea. If a heated poker b laid slantingW on a blocx of lead at the ordinary teni|)c- 
rat u re, it will commence to vibrate, first slowly, and wiU inoreaae with such rapidity 
iiM to produce a musical note, which continues for some time, usually changing to an 
<K'tave Ht the termination. These results would a]>pear to prove a movement amongst 
tile partieles constituting the bar. 

Some remarkable examples of expansion are furnished by the influence of sunshine 
on the Britannia Tubular Bridgt\ 

The most interesting effect is that produced by tbc sun shining on one side of the 
tube, or on tlie top, while the opposite side and fiottom remain shaded and compara- 
tively cool I the heated portions of the tulie expand, and thereby warp or bend the tulic 
towards the heated side, the motion being sometimes os much as inches vertically 
and 2^ inches laterally. 

While the tubi>s were supported on the temporary piers on the beach, these motions 
were easily observed. An arm carrying a pencil was flxed on the south side of the 
tube, nt the centre, and a board was flxed on a post independent of the tube, and at right 
angles to It I the pencil was pressed against the board by a spring, and the rise and fall, 
and tlic lateral motions of the tubi‘, were eousequently placed on the Imurd. lii this way 
a very iiitoreating diagram was taken daily. The lowest part of each figure is the 
starting |K>int, or normal position of the tulie, to which the pencil always accurately 
^•turos during the night. As soon as the sun rises in the morning it starts towanls 
the right hand, rising obliquely, the top and one side of the tube being warmed, and 
Che bottom and opposite side remaining unaffected. It continues thus till one oVlock, 
when the sun, having ceased to shine on the southern side, begins to warm the 
northern side, the top still retaiuing its high temperature, the tube thus acquires a 
nearly horiiontal motion towards the left hand, the slight descent in the line indicating 
the diminished effects of the sun on the top as it gradually sinks. Tlie greatest deflec- 
tion to the letl hand is not attained until sunset, after which tlie tube ly idly descends 
in a uniformly curved line to its resting ]M>int. In the summer time thiv^int is hardly 
attaiuiHl before the rising sun compi'ls it to commence its journey anew. When the 
sun is fVequcntly fibscnred by passing clouds, very curious diagrams are obtained. 
Diiniig the absence of the sun the tube begins to cool rapidly, aud to return to its 
normal position, every passing cloud is thus beautifully recorded. 

The middle of the ctmtre arch of Southwark Iron Bridge rises one inch in the 
height of summer. When great lengths of iron pipe are laid down for the couvey- 
auce of steam or hot water, sliding Joints are necessary to prevent destruction either 
of the apparatus or of the building in which it is placed. 

The practical applications made of the expansion and oontraction of metals by heat 
are many. The tire of a wheel is put on hot, and by its contraction on cooling, 
flnnly binds the other parts of the wheel together ; boiler plates are riveted with 
red-hot rivets ; collars of metal are driven on while hot, and the like. 

Mollard drew together the walls of a building that had bulged, by screwing np 
bon of iron tight to the walls while they were hot, and a similar process was adopted 
in the Cathedral of Armagh. 

Playfair and Joule (CAemteo/ 5onety*« itfeiioirt) have made a valuable series of re- 
searches OB the expansion of bodies by heat, principally salu | these have not how- 
ever any sufficient practical hearing to occupy our space. 

EXPRESSED OILS. See Oils. 

EXTRACT OF LB AD. A common name for the solution of noetate of lead , 
also called Ocmlard’s lotion, 

EXTRA^I^ (ExIraiCr, Fr; Germ.) The older apothecaries need 

this term t^esignate the product of the evaporation of any vegetable juice or in- 
fusion, or decoction t whether the latter two were made with water, alcohol, or ether ; 
whence arose the distinetioo of aqueous, alcoholic, and etheroua extraets. 

Fouroroy made many lesearehes upon these preparations, and supposed that they 
liad all a common hasisi which he called the exfiwefiee principle. But Chevre^ and 
oilier chemists have since proved that this pretended prinoiple is a heterogeneous and 
very variable eompoand. By the term txtraet themore is now meant merely the 
whido of the soluble rontters obtained fhom vegetables, reduced by careful evaporation 
to eithera pasty orsolid coosistenoe. The watery extracts, which ara those most oom- 
nude, are as varioas as the vegetables which yield them \ some oontafadag 
chiefly sugar or gum in great abundance, and are therefore innocent or inert} iH^e 
othcri vuntain very energetic impregnations. The conduct of the evaporating heat is 



261 


FACTORY, COTTON. 

the eapitel point In the prepentioD of extreeU They ehoiild be ilwtyi prepared, if 
pouible, the ^ the freah plant, by aub^ecling ite leaTea or other aneonlent 
{Art, to the action m a powerful acrew, or hydraulic preaa ; and the oTaporation ahonld 
tie effeoted by the warmth of a water bath, heated not beyond 100^ or ISO F. Steam 
heat ia now applied advantageoualy in aome oaaea, where it ia not likely (o deeom- 
|)ose any of the principlea of the plant Bnt by far the beat pro c eaa fbr making 
extracts la in racuo, upon the principlea explained in the article EvaFOiiATioir. It ia 
much eaaier to fit an a proper apparatuaof thia kind, than moat practical naan imagine. 
*J'he racuum may either he made throngh the agency of ateam, aa there pointed out* 
or by meana of an air-pump. One powerfhl air-pdmp may fwrni and maintain a good 
\ acuum under aereral receima, placed upon the flat grunnd flangca of ao many baaina, 
each protided with a atop-coek at ita atda for eahMatloo. The air-leaa buin oon- 
taiiiing the juice being set on the ahelf of a waier-batb, and expoacd to a proper tem- 
perature, will flimiah in a short time a large quantity of medictnal extract, poaaeistng 
the properties of the plant nnimpaired. 

For exceedingly delicate purpoaca,thc concentration may be performed in the cold, 
by placing Muoera filled with the expressed juice oter a haam contaming solphuno 
acid, putting a glaaa n^ceirer orer them, and exhausting its air. 

The nse of the air-pniiip for evaporating such cberoioal anbafaneea aa are readily 
injured by heat, has been very common since Frofesaor Leslie's discovery of the 
efficacy of the combined lutluence of rarefied air and an absorbing siirf^ of sulphuric 
acid in >'va|)orating water at low teinperatarea. It has been siippoa<‘d that the virtues 
<»f nari o<ic ptunts m imrticiilar might be better obtained and preserved by evaimrntion 
All vacuo thsu others isc, as the deoonipositig agency of heat and atmospUcric oxygen 
would be thereby excluded. There is no doubt that extracts thus made fVom the 
expressed juices of fresh vegetables possess for sumo time at least, the green aspect 
and (Mlutir ol the platiu in far greater perfection than those usually made In the air, 
with the aid of artificial himt. Jb. Meurer, in the Arehiv, der Phanunne for April, 
1849, has endeavoured to show that the colour and odour are of no use in determining 
the value of extracts ut narcotics, that the albumen left unchanged in the extracia 
made in vacuo, tends to (uiisc their spontaneous decomposition, and that the cxtiacts 
miulc with the aid of alcohol, os is the practice lu Geitnany, are more efficacious at 
first, and much less apt to be injured by keeping. M. Baidenius lias, in the same 
nunibi*r of the Arehiv,^ detailed experiments to prove that the juices of recent plants 
mixed with alcohol, m the honiceopaihic fashion, are very liable to spontaneous 
dccouiiMMiitiun. To the above expressed juice, the Germans add the alcoholic tincture 
of the residuary vegetable matter, and evaporating both together, preiaire very powerful 
extracts. 


F. 

FACETTING. The process of cutting faces upon ornamental articles. Steel 
jewellery, such Os beads, stiriis, buttons,— the oniaments on the htlts of dress-swords 
and similar objects, are ground on horizontal laps with fine emery. Facets on gold 
and silver are cut and imlisbed on revolving wheels, after the same general method 
as that pursued by the lapidary for cutting facets on stoni^s. 

FACTORY. In the sense in which this term is introduced here, It is contracted 
from manufactory ; nti*.ining the place where workmen are employ^ in fabricating 
goods. To describe all the various fketories, would be to describe all the different 
manufactares, or, at least, the arrangements of the machines by which the raw material 
is converted into marketable goods. There is but one kind of fhetory which will bo 
described in this place. The arrangemcou of a cotton factory fairly represent all the 
arrangements for other branches of textile manofiictiires, and here this is specially 
described. Under 8zut« Wool, dec., will bo found particulars of the machines used and 
their general arrangements in these (ketories respectively. 

Factort, Cottox (General Constnetiim iff). Then is so textile eohetanee 
whose filaments are so susceptible of being spun into fine threads of nniftyrm twist, 
strength, and diameter, aa cotton wool. It denvee this prr>perty from the smoothness, 
tenacity, flexibility, elasticity, peenliar length, and spiral form of Che filaments ; heroe, 
when a few of them are pullra from a heap with the fingers and thumb, they lay hold 
of and draw out many others. Were they much longer they eould not he to readily 
attennated intoafine thread, and were they mneh shorter the thread would be defleim 
in cobeekm. Even the diffitrencee in the lengthsof the oolcon staple an of advantage 
in adapting them to different stjtoe of spinning and differenC textima of dlolh. 

If we take a toft of cotton wool in the left band, and eeixing die pMcc^ng fihree 
with the right, slowly draw them out, we shall perceive with wfid femanable feciUty 
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they (tilde |)a»t earli other, mid yet retain their mutual connection, while they arc 
«atf*ndi*d and Arraiigi^ in parallel linea, bo an to fbrm a little riband BUBccptible of 
eonitidt’rable riongntion. TJim demonatration of the ductility, bo to apeak, of cotton 
W(M>1, Biiucecilc Htill bi'tter upon the carded fleece in which the filamentf have acquired 
a certain parallelium { for in thiH caae the tiny riband, in iHiing drawn out by the iinyers 
to u niotlerate length, may at the same time receive a gentle twist to preserve its co- 
hesion till it becomes a flne thread. 

I leiiee we may imagine the 8t4*ps to be taken or the mechanical processes to be 
pitrMueil in cotton spinning. AfliT freeing the wool of the plant from all foreign 
milMiaiiees of a lighUT or a heavier nature, the next thing is to arrange the filaments in 
iiiies ns parallel as }K>8sih1e, then to extend them into regular ribands, to elongote these 
ribands by many succcMiive draughts, doubling, quadrupling, or even octupliug them 
meanwhile, so os to give them perfect tH|uality of size, consistence and texture, and at 
the same time to complete the parallelism of the fibres hy undoing the natural coino- 
liilioiis they possess in the jiod. When the reetiliuenr extension has been thus carried 
to the finenebs required hy the spinner, or to that coroputilde with the staple, a slight 
degree of torsion iiitisl accompany the further attenuation; which torsion may he either 
niomeiitury, ns in the tube roving maoiiine, or |>erinaupnt, as in the bobbin and fly 
fruinc. Finally, the now greatly attenuated snfl thread, culled a fine roving, is draw n 
out and twisted into finished cotton yarn, either by continuous indcfiuitc gradations 
of dniwing and twisting, as in the throstle, or hy successive stretches and torsions of 
coubidcrahlc lengths at a time, as in the mule. 

Meelinnical sptiiuiug consists in the suitable execution of these difieront processes 
hy a series of dillcrcnC niachincs. Afler the carding ofierution, these are made to act 
simultaneously u|>oii a multitude of riluindsand spongy cords or threads by a multitude 
of nu‘<‘lianieal liumls and fingers, llowerer simple and natural the above described 
oourse of inntiufuctiirc may iip|M*or to lie, innumerable difficulties stood for ages in the 
way of its aceoniplihhrnent; and so formidable were they as to render their entire 
ri'iiioviil of late years iu the cotton factories of England one of the gyeatest and most 
hoiiourahlo Bchievenients of human genius. 

The varUniH operations may thus classified for fine spinning 

1, The mUing and opening up or loosening the flocks of cotton wool, as imported in 

the bags, so us to separate at once the coarser and heavier impurities as well as those 
of u lighter and finer kind. v 

2. The uulhnnng, nriUchwg or Nowing, and lapping, to remove seeds and dirt, and 
prepare the material in the form of a continuous lap or sheet fur the next opera- 
tion of 

;i. The carding, which is intended to disentangle every tuft or knot, to remove every 
romaiiiing impurity which might have eluded the previous operation, and finally to 
prepart' for arranging the fibres iu parallel lines, by laying the cotton first in a fleecy 
web, and then in a riband form. 

4. 'I'lie doubling and drawing out of the card-ends or ribands, in order to complete 
the pniMliclibin of the filaments, and to equalise their quality and texture. 

A. The roving operation, whereby the drawings made in the preceding process arc 
grtMtIy attenuated, with no more twist than is indispensable to preserve the uniform 
eontiniiity of the spongy cords. 

G. The fine roving and stretching come next ; the former operation being effected by 
th<‘ fine Imbbin and fly frame, the latter by the stretcher mule. 

7. The ^tinning operation finishes the extension and twibt of the yam, and is done 
cither iu a continuous manner by the thrcMtle, or discoutinuously by the mule : in the 
former, the yarn is progressively drawn, twisted, and wound upon the bobbins ; in the 
latter, it is drawn out and twist^ in lengths of from 66 to 67 inches, whiefi are then 
wound all at once upon the spindles. 

8. 'Die eighth operation is the winding, doubling, and singeing of the yams^ to fit them 
for the muslin^he stocking, or the bobbin pet lace manufacture. 

9. 'J'he /’tWi ft>r making up the yarn into bundles for the marktt, eonclndes 

this series. 

Note, — Yams spun for weaving into cloth, as named in the flth operation, after 
iR'ing wound, are at once warped, and after being sized, or dressed, are ready for the 
limm. 

I a To the above may be added the operations of the dressing machines, for fine 
warps ; the tape leg machine, for medium counts of warps, say 24a. to 50s., and sizing 
troughs for warps of coarser counts. 

1 1. The power looms. 

12. 'I'hc plaiting, or fojding and measuring machine. 

13. The press for oompressiug the bundles of cloth ready for delivery. 

The site of the flictory ought to be earefttlly selected in reference to the health of the 
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o|ter utvetf the cheapness of i^rovisions, the farUities of transport fur the raw materials, 
and ihe convciiieiuNi of a maikot for the nunofactured articles. An abundant supply 
of labour, as well as tiiel and water for mechanical fiower, ought to be primary coii- 
hideratious in setting down a factory. It should therefore be placed, if possible, in a 
populous village, near a river or canal, hot in a situation firee from marsh malaria, 
ttiid with snch a alone to the voider stream as may ensure the ready diseham of all 
liquid impuritiea These cireumstances happily conipiro in the districts of Stocks 
port, Hyde, SCaleybridge, Dukcntiold, Bury, Biarkburn, Ac , and have eminently 
tivoiired the rapid extension of the cotton mauuiketurM for which these places are 
pre-eiuiDcnt 

Till* better to illustrate the above-nanied requisites for cotton spinning and nianu- 
fieturing. we proceed to a deHcripiion of a mill if Stockport, lomoashire, containing the 
large numhir of 61,400 tbrontlo and mule ipiiidlea. and 13^0 pow<>r i(H>mH. 

l/r. A. aM‘( lurva Cotton Fuifory , — The iui I rootiats of a mam body with two 
literal w iiigs* projecting forwards, the latter being appropriated to ■t4»re'rooins, acount- 
tng-houHc, rovuni for winding the yam oii bobbins, and other mi scellanaous puritoHcs. 
The budding has six doorti licsidcs the attic stor) The gronnd-pliin compuduiids a 
plot of gn>uitd 230 feet lurg ^ y 200 broad, exclusive of the boiler Khedi 

The right-hand end. a {Jtg. 733) of the principal Imilding, is aeparnlcd from the 
main body h} a strong wall, and serves In the three lower stones for aecommodsting 
two uincti ‘horse steam engines, which are supplied with steam from a range of boilers 
i ontaiu* d in a low shi^d exterior to the mill. 

Tin tlir«*« tippi r stones over the steam engine gallery are used for unpacking, sorting, 
picking, cleaning, willowing, and lappiug Uic cotton wool. Here am the willow, the 
blowing, and the lap machines, in a di^sccndtug order, so that the lap machine occupies 
tiic lowest of the three floors, being thus most judiciously placed on the same level with 
the pnqiarution room ot the building. On the fourth main floor of the factory there 
are, iii the first place, a line of carding cngiiifs arranged, near and parallel to the 
windows, as shown at n b, in tie* ground plan ( Jtg. 73 1), and, in the aecoiid phiec, 
two rows of drawing flumes, and two of bobbin and fly frames, \v alhTiiatc lines, 
parallel (o ciu:h other, as indicated by i>, c, i>, c, lor the drawing frames, and i:, e, x, k, 
lor th<* bobbin and fly frames in the ground plan. The latter machiues arc close to 
the centre of the apartment 

The tw o stories next under the preparation room art* occupied with throstle frames, 
distributed ns shown at r F, in the ground plan. They stand in pairs alongside of 
taeh other, whereby two may be tended by one person, 'riicsc principal rooms aru 
2^0 feet long, and nearly 50 feet wide. The two stones, over the preparation room, viz , 
the filth and sixth floors from the ground, are approiiriated to the mule jennies, which 
lire placed in pairs fronting each other, so that each pair may be worked by one man 
Their mode of distribution is shown at o o, in the ground plan. The last single 
mule is seen standing against the end wall, with its head-stock projecting in the 
middle. 

The ground floor of the main building, as well as the extensive shed abutting behind 
it, marked by N, u, u, in the plan, is devoted to the power looigf, tbo mode of placing 
which in plainly acen at R, n, IL 

The attic story accommodatea the winding frames, and warping mills, and the warp 
sising machines, subservient to power weaving. 

Some extra mules (self-actors), are placed in the wings 

We shall briefly sum up the references in the ground plan as follows : — 

X, the ground apartmeur for the steam engines. 

B, the distribution of the carding engines, the moving shaft or axis running in a 
straight line through them, with its pulleys, for receiving tbo driving bands. 

c c, the drawing frames. 

D D, the jack, or coarse bobbin and fly frames. 

B B, the fine roving, or bobbin and fly frames. 

p. the arrangement of the throstle frames, standing in pairs athwart the gallery, in 
the find and 3^ flats. 

a, the moles are here represented by their roller beams, and the onlUnes of their 
head-stocki, as placed in the 5th and 6Ui stories. 

Us the looms, with their driring pulleys projecting from the ends of their main axes, 
flometimes the looms are pisced in parallel straight lines, with the rigger pnllcysof the 
one alternately projected more than the other, to permit the free play of the driving- 
beltt} sometimes the looms are placed, as generally in this engraving, altemalely to 
Uie right and left, hy a BnuUl aptoe, when the pulleys may all pnject equally. The 
former plan is the one adopted in Mr. Orrell’s milL 

X, represents the cast-iron girders which support the floors of this fire-proof 
building 
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K« B, are cicwcu placed in eaoli floor. In tbe receiMi of a kind of pilaaterw built 
anioHt tbe outside of the edifice. Thi>ae holtoir shaft! are joined at top hy horiiontal 
pil>es. which all tenninatc in a cbcst eonnected with the loctioo.aBea of a ran, whereby 
a constant draught of air circulates up tho shafts, vestUates the apartments, and pre^ 
vents the reflux of ofTi usive effluvia ftom the water-eloaete, however oaaeleis the work- 
people may be. Tbe closets towanls the one end of the building are destined for the 
men ; towards the other for the women. 

i, L, are the staircases, of a horse-shoe form, the interior space or shaft in the middle 
being used for the teagle or hoist In the posterior part of the ahaft a niche or groove 
is left for the counter^weight to slide in, out of the way of the asoendlng and dosoending 
platform. 

M, M, are the thro porters* lodges, connected l<i *he oomer of each wing by a handsoroO 
iron halostnde. They are joined by an iron gate. 

It will he observed that the liack loom-shed has only one story, as shown tn lection 
( fiy, 7S.1). In the jpoiind plan of the shed, M representa the ro^ng, of wood-work. 
The rafters of the liMri rest at their ends upon an iron plnte, or shoe with edges (ua 
it is called), for the girders to bear upon. 

Two steam engines, of ftill} 100 horse-power each, and two of .*«u home-power each, 
oiicrattt h} onmks, which stand at right angles upon the shaft marked a both in the 
plan and sih tion. In the centre, hetwi^n the bearings, is a large cog-wheel, driving a 
smaller one upon the shaft marked A in both figunv, to which the fly-wheel cbtdonge. 
That pMTno motion wheel is magnificent, and posMWses a stringth eqnal to a strain of 
.100 hoi MS From this shaft motion is given to the main nr upright shaft cf, in the 
senuott, hy two bt'vel wheels, visible »t the side and on the top of the great block of 
stone, about 5 tons weight (jly. 783), which gives a solid hssis to Ihe whole moving 
apparatus. 

The velocitv of the piston in these steam engines is 840 ft. pw minute. 

The first snaft makes 44*8 revolutions per minute } the main upright shaft 58*84 
per minute. The steam engine makes 16 strokes per minute } and the length of their 
stroke is 7 ft 6 in. 

An the one engine exerts its maximum force when the other has no force at all, anil 
as the one increases as the other diminishes m the course of each pair of strokes, the 
two thus oo-ofienfe in imparting an equable impulsion to the great gearing and shafts, 
which, lK*ing truly made, luglity polished, and placed in smooth beanngs of hard broiis, 
revolve most silently and without those vibrations which so regularly recurred in the 
old factories, and proved so detrimental to the accurate performance of delicate spinning 
frames 

The steam for these fonr engines is snpplied by four high pressure horisootal engines, 
m ide hy B. Qoodfellow of Hyde, the exhausted steam from which has still power 
enough to drive the low pressure condensing engines. By an logenious arrangement 
the condensing water from these engines, while on its return to the river is made to 
turn an 8 horse water-wheel. 

A 12-horse auxiliary engine for driving the warping milli, sixing and drying ftramea, 
and mi*chanic’s shop at mgi^t (in the event of breakages to the niaobinery), com 
pletes the power of this grest mill, equalling over 1000 indicated horse-power, all the 
steam being supjdied by 5 boilers carrying 70 lbs. pressure. 

Abra. — Prior to the application of the principle of compounding or uniting high and 
low-preasure engines, the above-named four low pressure engines required nine boilers, 
carrying 14 lbs. pn*<i<iire, to supply them with suffleieut steam; now, as we have shown, 
bfiilcrs of sroalli r diiiicnst*>ns, carrying 70lhs. pre»>sure, supply a sufficient quantity of 
steam, for increased pokier, at a reduction of fifty per cent, on the consumption of 
coals. 

The power for driving tbe machinery is conveyed from the engine rooms by shafting 
in the usual manner. 

To the horisootal ramifications from ihe opright shaft any desired velocity of rota- 
tion may be given by duly proporticoing tM diameters of the bevelled wheels of 
communication between them ; tnoi, if wheel on the end of the horixontol ahaft 
have one-half or one-third the diameter of the other, it will give it a double or a triple 
speed. 

In the lowest floor, the ascend bevel wheel above the stone block drives the hori- 
Bontal shaft e, seen In the ground plan ; and thereby the horitontal shaft / at right 
angles to the former, which mna throughout tbe length of the buildings as the other 
did tfafough iu breadth, backwaidik The shaft/ lies alonntde of the back window 
wall, near the ceiling ; and from ft the transverse slender mfts proceed to the right 
and left in the main building, and to the shed behind it, each of thism serving to drivo 
two lines of looms. These slender or branch sliafts are monnled with pulleys, cadi of 
which drives four looms by four ssparate bands. 
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* 

la the Moond aud third iloorR, where the throitlei are plaoed. the diaft d ia aeen la 
the KCtian to drive the following ahafta 

Upon the main upright shaft d (fy, 735), there are in caeh of these stories two 
horiioDtal bevel wheels, with their fronting eaoh other (shown plaloly over d d), 
by which are moved two smaller vertical bevel wheels, on whose respective axes are 
two parallel shafts, one over each ocher, which traverse the whole length of the 
building. These two shafts move therefore with equal velocities, tad in opposite 
directions. They run along the middle space of each aparinwnt , and whorever they 
pass the rectangular line of two throstle frames (as shown at r in the ground plan) the;f 
are each provided with a pulley t while the steam pnlleyt on the axes of two conti- 
guous throstles in one line are placed as for apart as tha tiro diaMsrs of the said shaft- 
pulieys. An endless strap goes from the paUey of tha uppermewt horiaoutal shaft 
round the steam or driving- pulley of one mostle frame ; t^ up over the pulley y, 
the second of lower shaft, y t next up over the steam pnll^ of a second throstle } and. 
lasthK, up to the pulley of the top shaft, y. Sea yy in the throstle floors of the eruss 
section. 

In the preparation room, three horisontal shafts are led pretty close to the ceiling 
through the whole length of the building. The middle one, A (see the dan,>fo. 733), 
IS driven immediately by bevel wheels from the main upright shaft d {jlg» 784). The 
two side ones i, u which run near the window walls, are driven hf two hcinaontal shafts, 
which lead to these side shafts. The latter are mounted with pulleys, in oorrespondence 
with the stoiun pulleys of the two lines ofcardlng engines, as seen between the cards in 
tbo plan. The middle shaft A, drives the two lines bobbin and fly frames, n, x, x, n 
(see erase section), and short shafts i, i, seen in the cross section of thb floor, moved 
from the middle shaft A, tuning the gallows fixed to the oeiling, over the drawing 
and Jack ftrames, give motion to the latter two sets of machines. See o d in the cross 
section. 

To drive the mules in the nppermost story, a horisontal shaft A (see longitudinal and 
cross sections, as well as ground plan) runs through the middle line of the building, 
and receives motion from bevel wheels placed on the main nprigbt shaft, </« immediately 
beneath the ceiling of the uppermost story. From that horisontal shaft, A, at every 
second mule, a slender upright shaft, /, passing through both stories, is dri%'en (see both 
sections). Upon these opnght branch shafts arc pulleys in eaoh story, one of which 
serves for two mules, standing back to back against eaoh other. To the single mules 
at the ends of the rooms, the motions arc given by still slenderer upright shafts, which 
stand upon the head stocks, and drive them by wheel-work, the steps (top bearings) 
of the shafts being Aged to brackets in the ceilmg. 

In the attic, a horizontal shaft m m, runs lengthwise nssr the middle of the roof, and 
is driven by wheel* work flwm the upright sluUt This shaft, si, gives motion to the 
warping mills and dressing machines. 

This cotton mill having been erected according to plans devised and executed by 
that very eminent engineer, Mr. Fairbairn, of Manchester, may be Justly rsekoned a 
model of fketory architecture, ^t Is mounted with 1320 power-looms, of which each 
100 require steam power equivtfent to 85 horses to impel them, inclusive of the prepaia- 
tiou and spinning operations competent to supply the looms with ysrn. 

Ten looms, with the requisite dressing, witnout spinning, are considered to be equi- 
valent to 1 horse power m a steam cn^a. Steam power equlvaleiit to 1 horse will 
drive— 

500 male spindles, 

800 self-actor spindlts, 

180 throstle spindlee of the common constrootioD i in which estimate thf requisite 
preperation processes are inoinded. 

In Mr. M*Cliire'a null there sre in tbs throstle-frame 


floors - -- -- -- - 27,300 spindles 

And in the male floors - • • • • - 84,800 ^ 

Total yarn spindles « 61,400 


To whiob add, power-looms 1380, produeing the product of the spindles, hi the shape 
of 800,000 yards of cloth in every week of 60 hoars. 

One of tbs most oompset and bast regulated modern fketories, on the small seals, 
which we visited in Lancashire, eonsisted of the following system of machines i— 

1 willow, 1 Mowing nschuie, 1 lap machine, capable, togsthsr, of c lea n sin g and 
lapping 9000 poonds of cotton wt week, if required. 

81 csrds, breakers, and flnishers, which carded 5000 lbs. of ooClon every weMt of 
60 hours' woik, being about IdOlbs. per card. 

8 dmwiog-framet, of 8 heads each. 

Vnb II. B 
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S Mine bobbin and fly fhimci. 

7 flne bobbin and fly uamei. No itretcher mnlti 

13 lelf-oetor mulei, of Sharp and Boberti^i ooDttrnction, of 404 apindlei oaeb 
»4H48 mule ipindleii. 

10 throstle frames, of 236 spindles each -iflSGO spindleii 

7 dressing machines. 

236 power-looms. 

2 w^ing mills. 

300 winding spindles for winding the warp* 

'rh(> rovings have 4 hanks in the pound, and are spnn into yam No. 38 on the 
throstle, as well as the mule. 

One bobbin of the roving (compressed) lasts 5 days on the self-actors, and 6 days on 
the throstles. 

According to the estimate of Peel and Williams, of Manchester, 60 horses power of 
a steam engine are equivalent to 306 power-looms, including 16 dressing machines t 
the cloth being 36 inches wide upon the average, and the yam varying in fineness from 
I2*s to 4()*s, the mean being 26*s. Here, the spinning and preparation not being 
included, the allowance of power will appear to be high. The estimate given above 
iibsigns 10 looms, with the requisite dressing, to 1 horse; but the latter assigns no more 
than 6. 

b'or the following experimental results, earefhlly made with an improved steam 
engine larf/rator, upon the principle of Mr. Watt’s construction, we are indebted 
to Mr. llennct, an engineer in Manchester. His mode of proceeding was to deter- 
m^ioe, first of all, the power exerted by the factory steam engine when all the machines 
or the various floors were in action ; then to detach, or throw out of gear, each system 
of machines, and to note the diminution of force now exercised. Finally, when all the 
niaclimcs were disengaged, he determined the power requisite to move the engine itself 
as well 08 the great Raring-wheels and shafts of the factory. 

He found at the factory of J. A. Bearer, Esq., in Manchester, that 500 calico looms 
(without dressing) took the power of 33 horses, which assigns 15 looms to 1 horse 
power. 

At Messrs. Birley’s factory, in Manchester, he found that 1080 spindles in 3 self- 
actor mules took 2 59 horses being 417 spindles for 1 horso power , that 3900 spindles 
ill 1 1 M'lf-actors took 8*33 horsei^ being 47.*^ spindles per horse power ; 1,080 spindles 
in 3 self-actors took 2 horses, being 540 spindles per horse. 

At Messrs Clarke and Sons, in Manchester, that 58? looms in weaving fnstians of 
varions breadths took 64 horses power, exclusive of dressing machines, being 1 1 looms 
to 1 horse. 

At J. A. Beaver’s, on another occasion, he found that 1200 spindles, of Danforth’s 
construction, took 21 horses, being 57 spindles per horse power ; and that in a second 
trial the power of 22 horses was required for the same effect, being 54 Danfortb’s 
spindles per horse power. 

An oxcelleiit engine of Messrs. Boulton and Watt, being tried by the indicator, 
afforded the following results in a factory : — 

A 60 horse hoat-engino (made as for a steam boat) took 

14| horses power to drive the engine with the shafts 14*5 
3} blowing machines, with their S fans ... 21 ‘.55 
10 dressing machines - • - - - - 10 25 

12 sclf-actor mules of 860 spindles each (720 spindles 

per horse power) 6*00 

6 Danforth’s throstle flumes, containing 570 spindles (96 
^ in each), being 93 spindles (o 1 horse power - 6*^ 

At Mlington, iu a worsted mill, he found that 106) spindld, iocluding preparation, 
took 1 honh power upon throstles. N. B. There ii no eaiding m the long wool or 
worsted mauuflictnre for merinos. 

At Bradford, in Torkshire, he found that g 40 horse power hoat-englne, of Boulton 
and Watt’s, drove 598 calico looms, 6 dressing machines (equivalent to dress warp for 
180 of the said looms), and 1 mechanics’ workshop, which took 2 horses power. Other 
engineers estimate 200 common throstle epindles, by themselvei, to be eqaivAlentto 
tile power of I horse. 

The shafts which drive the cards rsvplne about 120 times per minute, with a driving 
pulley of fl^im 15 to 17 inches in diameter. ^ 

The shafts of the drawing and the bobbin ud fly flumes revolve flrom 160 to 200 
times per minute, with pulleys fhim 18 to 24 inches in diameter. 

The s^fta of throstle fl'ames in general turn at the rate of flrom 820 to 840 times per 
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nnniite, with driving pntlcyi 18 inches in diameter, when they are ipinning yam 
of from No. 35 to 40. Th< tliafta of mulee revolve ateut 130 timei per minute, with 
pulley 1G inches in diameter. 

The shaOi of power looms revolve from \ 10 to 120 times per minnte, with pulleys 
15 iiiclus in diameter. 

The shafts of dressing machines revolve 60 times per minute, with pulleys 14 inehes 
in diameter. 

lietore quitting the generalities of the cotton manufacture wc mar stats the following 
facts communiciited also by Mr Ilennet : — • 

A wiiggon-shaped boiler, well set, will evaporate 12 cnble ft. of water with 1 ewt of 
coals ; anti a steam boiler with winding floes will evaporate 17 cubic tt with the same 
II eight of fuel : 7^1 Ihe of coals of the fomter boner are equi^aleut to i hone power 
I Tcried for au hour, estimating that a horse cuu raise 33,000 lbs 1 foot lUga in a 
minute 

'rUe flfKt cotton mill npon the fire-proof plan wa* erected by the Messrs, fltmtr. 
Hi Helper, in the year 1707 ; that of Messrs. Phillips and Ijes,ak Mcnchcster. in 1801 ; 
that of H. Ho ildsworili, £<^q , t«r Glasgow, in 1SU2 ; and that of Janus Kciuiedy. at 
^lauchcsrer, in 1805 ; since uhieh time many good factories have lM>en built fire-proof, 
like Mr. M^CMiii/s. 

The heating of thespartments of cotton factories is effected by a duo distribution of 
enst-'ron ptpi‘S, of ahont 7 or 3 inches diameter, which are usually suspended a little 
WH\ tadoc I lie ceilings, traverse the rooms in their whole length, and arc filled with 
stemn ft OKI boikrs exterior to the bnilding. It h,LS been aseerlained that t>nc cubic 
foot of boiler xi ill heat folly more than 2,000 cubic ft. of space in a cotton mill, and 
lotiiiiUiin it at the temperature of about 73^ Fahr. If we reckon 25 cubic ft. contents 
(it wat(*r m a waggon-shaped steam boiler as equivalent to I horse jiowcr, such a 
boiler would be cnpnble of warming 50,000 eubio ft. of space; and therefore a 10 
hoi He steam boiler will he able to heat 500,000 cubic ft of air from the average 
temperature, 50^, of our climate, up to 75^, or perhaps even 80^ Fahr. 

It ha^ been aUo as<vttained that m a well built cotton mill, one superficial foot of 
exterior surfaci of cast-iron steam pipe will warm 200 cubic ft of air. In common 
cases for heating churches and public rooms, we bidicve that one-half of the above 
heating siirfoee will be found adequate to produce a sufficiently genial temperature 
in the air. The temperature of the steam is supposed to be the same with th,it 
in Mr. Watt’s low-pressure engines, only a few degrees above 212° — the boiling point 
of M ater. 

The pipes mu«t he freely slung, and left at liberty to expand and contract under 
the changes of temperature, having one end at least connected with a flexible pipe of 
copper or wrought iron, of a swan-neck shape. Through this pipe the water of 
condensation is allowed to run off. Tbo pipes should not be laid in a horixontal 
direction, but have n sufficient slope to discharge the water. The pipes are cast from 
half an inch to three-quarters thick in the metal In practice the expansion of steam 
pipes of cast-iron may be taker at about one-tenth of an inch in a length of 10 feet, 
when they are heated from a little above the foeesing to the boiling point of water. 
The upper surface of a horisoutal steam pipe is apt to become hotter than the bottom, 
of the water be allowed to stagnate in it -, the diflmnee being occasionally so great, as 
to cause a pipe 60 feet long to be bent up two inches m the middle. 

In arranging the steam pipes provision ought to be made not only for the discharge 
of the water of conden«ati(>u, ns abote stated, but for the ready escape of the air; other- 
wise the steam wdl not enti r freely. Even after the pipes are filled with steam, a 
little of it should be allowed to escape at some extreme orifice, to prevent the ri'- 
accumulatiou of air discharged ftrom the water of the steam boiler. In cousequeoee 
of water being left in the pipes seiioas eceidents may happen; for the next time 
the steam is admitted into them, the regularity of heating and expansion is im- 
some part of the pipe may crack, or a violent ezplocum may take place, and 
the joints may be racked to a very considerable distance, every way. from the place 
of rupture, by the alternate expansions and condensations. The pipes should inere- 
fore be laid, so as to have the least possible declivity, in the direetion of the motion of 
the steam. 

Formerly, when drying rooms in calico printing works were heated by iron stoves, 
or cockles, their inmates were very unhealthy, and became emaciated ; since they have 
been heat^ by steam pipes the health of tlm people has become remarkably go^ and 
their appearance frequently blooming. 

Factory is also a place where fh^rs meet to dispou of goods, as Tes foetories, 
&c. &e 

FAHLERZ. Grey copper-ore, called also Fanabaaet from the many oxides it 
contains, and Tetrahtdntr from its form. 

• 2 
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Tba analjmU of • eijriUlUied apfoimen from Hoel Fiotpor, in Cornwill, gare 
Copper - • « - 80*18 Antimoiijr - • - S8 60 

8tl?«r - . . • traoet Anoiiio - - - . 4*40 

Iron .... 6*90 Sulphnr .... 85*04 

Zino . . . • tnoea 


The following ami jtis by M. Row, will ahow the rariation in eompoaition of thia 
intereiting mineral 



Sulphur. 

Antimony. 

Copper. 

I. St. Marie Anxillines, in Alsace - 

86*83 

19*46 

40*60 

8. Oetedoif, Frclbnrg ... 

86.33 

16*58 

88*63 

3. Kapnik, Hnngan ... 

4. Dillenbarg, in Nassau 

25 77 

83*94 

37*98 

2503 

85*27 

88-48 

5. Mine Zidda, at Clausthol - 

84*73 

28*84 

34 48 

Besides Araenic, Iron, Zinc, and Silver. 



F^CULA. Bee FtcuLA. 

FAIENCE. A pottery made at Faeoia, with a common earthenware body, 
covered with a glaie and enamelled with painted deaigna It has been aometimea 
called ifripAoe/ leare, becauae it baa been anppoaed the deaigna of the great painter 
were uaed to ornament it The Raphael who decorated much of the porcelain of the 
aixteenth century waa Raffaelo Ciaria dTJrbino. 

FAINTS ia the name of the impure apirit which cornea over flrat and laat in the 
diatillation of whiakey i the former being called the ttromg, and the latter, which ia 
much more abundant the weak Ikinta. Thia crude apirit ia much impregnated with 
foBtid oaaential oil (fnael oil) i it ia therefore very nnwholeaome, and moat be purified 
by rectification. 

FALSE SILVER. A name given bv the ancienti, in all probabili^, to line. 
Strabo, in a paaaage quoted in >Vataott*a Chemical ISeaage, apeaka oiJiilae ailver, with 
the addition of copper, making orichalcum, or braaa. 

FALSE TOPAZ. A light yellow pellucid variety of qnarta cryatal. It may be 
distingu'udkcd from yellow topaz, for which, when cut it ia frequently aubatituted, by 
ita difftfrence of crvatallinc form, the abaence of cleavage, inferior hardneaa, and lower 
apeoific gravity. Found in the Krazila, &c. 

FAN (XWataif. Fr ; Fucker, Germ.) ia uaually a aemiocircnlar piece of ailk nr 
paper, paated double, euoloaing slender alipa of wood, ivory, tortoiae-abell, whalebone, 
Ac., arranged like the tail of a peacock in a radiating ftnm, and auaceptiible of being 
folded together and expanded at pleasure. This well-known hand ornament is used by 
ladies to cool their fheea by agiuting the air. Fane made of feaihera, like the wing of a 
bird, have been employed from time immemorial by the natives of tropical countries. 

Fan ia also the name of the apparatua for winnowing com, for nrging the files of 
fnmacea, and for purposes of ventilation. For an account of the powerfhl blowing 
and ventilating fan machines, see Iron MANtTrAOTURS and Ventilation op Mines. 

FANG, a mining term. A niche cut in the aide of an adit or ahaft, to lerve as an 
air courw. Sometimes the tcim afanging is applied to a main of wood pipea. 

FARINA (Forme, Fr.{ MeU, Germ.) is the flower of any species of com, or 
starchy root, such as potato, arrow-root, Ac. See Bhbad and Stauch. 

FATS (Crratfaes, Fr. ; Feite, Germ.) occur in a great number of the animal liaauea. 
being abnndant under the skin in what is called the eellnlar membrane, round the 
kidneys, in the folds of the omentum, at the base of the heart, in the mediastinum, 
the meaenMic web, as well as upon the surfooe of the intestinea, and among many of 
the mnsdir Fata vary in consistenee, colour, and smell, aocotding to the animals 
from which they are obtained i thus, they are generally fluid io the cetaceous tribes, 
soft and rank-flavoured in the careivoroua, solid and nearly scentlcaa in the mminanta 
usually white and copious in well-fod youDK animals; yellowish and more scanty in the 
old. Their eonaistence varies also aooorUng to the organ of their production ; being 
firmer under the akin and in the neighbourhood of the kidneys than among the 
movable viscera. Fat forma about ooftwentieth of tbc weight of a healthy animid. 
But is taken out by the hatcher it is not pm i for being of a veaienlar stroeturo, it is 
always enclosed in membranes, mixed with Mood, blood-vessels, lymphatiea, ie. 
These foreign matters mnst flnt be sspamted in tome measure mechanically, after 
the fot is mhmed small, and then more ccanpletcly by melting it with hot water, 
pasting it through a sieve, and letting the whole cool very slowly. By this means a 
eake of eleanasd fot will be obtaiueA 
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BnooDiiot and Batpall bare abowa that aolid aaiaial Ibti are eonpeied of rery 
•mall micrnaeoplc, partly polygonal, p^j lenilbm pardelati wbieb are oonaeeted 
togetber by rery thin membnuiet. Tbaae may be raptured by meebaaioal meane. 
then aeparated by triturating the freoh fhta with eold water, and paming the unctuoua 
matter through a eiere. The paitiolce float in the water, bnt ereataally omleet in a white 
granular eryatalline appeaimnoe, like atareh. £aeh of them ocioiieU of a reaieular in- 
tegnment, of the nature of itearina, and an interior fluid like elaine, which afterwards 
exudes. The granules float in tlM water, bnl snbaide in spiriis of winsL When 
digested in strong aloobol, the liquid part dissoleee, but the solid remains. These 
panicles diflbr in shapa and site, as obtained from different animals \ those of the 
cslf^ ox, sheep, are polygonal, and from to y|| of an Inch in diameter ; those of the 
BOW are kidn^-sha^, and from A ^ ibi thcas of man are polygonal, aad flrom to 
lif t those of insecu are spberioal, and at moat inch. 

Fsu all melt at a tempentm meeh nnder 019^ F. When strongly hsated with 
contact of sir, they diffue white pnngent fhmee, then blacken, aad u3te flra. When 
•uldected to distillation th^ afford a changed fluid oil, earburstted hydrogen, and the 
other producu of oily bomee. Exposed for a certain time to the atmosphere, tliey 
become mneid, and generate tbe same fat acid as they do by sapouifloation. In their 
fresh stste they are all composed principally of steariae, mimrine, and oleine, with a 
little colonring and odoroos matter i and in some species, hireine, from the goat ; 
phooentae, Am the dolphin ; and butyrine from batter. By snbjecting them to a 
great degnw of cold, and oompreming them between the folds of blotting paper, a rcsi- 
dnnm is obtained, consisting chiefly of steariae and margarine ) the latter of which 
may be dissolved out by oil of turpentine. 

bufwd MnUm Suet.— When neah, this is an iaaipid, nsarly inodorons fkt, of a Arm 
consisteooe, almost insoluble in alcohol, entirely so^ u taken from the kidneys and 
mesenterlo web of the ox, the sheep, the goat, aad iki stag. ItTaries in its whiteness 
consistence, aad comhoatibilit j, with the species and health of the animals. They may 
all be pniifled ia the manner above described. Strong snlphurio acid developcs 
readily the acid flits by stirring it tiirougb melted snet Alkalies, by saponifleatioo, 
give rise to one of tke three acidB,>^the stearic, margaric, or oleic. Brnf suet consists 
of stearine, margarine, and oleine ; mutton and goat suet contain a little hircioe. The 
•peciflo gravity of the tallow of which common candles arc made ia, by Ure*8 experi- 
ments, 0*936. The melting point of suet is from 98^ to 104° F. The proportion 
of solid and fluid fkt in it is somewhat variable, but tbe former is in much larger 
proportion. Mutton suet is soluble in 44 parts of boiling alcohol, of 0*820 { beef 
suet in 44 parti. Marrow fat caosiiCs of 76 of steariae, and 24 of oleine { it melts at 
115° F. 

Hog^M lard is soft, fnslble at 81° F.. convertible, by an alkaline solution, into a 
•tesrute, margarste, oleate, aad glycerine* Its sp. grav, is 0*938, at 50° F, It consists 
of 62 of oleine, and 88 of stearine, in 100 psrto 

Gooae-fat consists of 68 oleine and 32 stearine. 

Bvtttr, in summer eonsisto of 60 of oleine and 40 of stearine | in winter, of 35 of 
oleine, and 65 of stearine ; the former lubstanee being yellow and tbe other white. It 
differs, however, as produced from the milk of difforeat oowi, and also according to 
their pamnre. 

Chevrenl has investigated with mat cars the eompcaitioo of fots. He has shown 
that they are mixtores of simple ntc as oleia^ steanne, and margarine. For his in- 
vestigations see those articles in Watts’ ** Dictionary of Chemistry.** 

See OLTCxnm, ManaAxixx, OLxnra, Soap, Stbauns. 

The following stateaient is given on the attthmrity of BfB 00 llnol^— 


Hog’s lard - - 

OWiM. 
- 62 

Stasrlaa. 

88 

Dnek fkt - 

OblM. 
- 79 

Staarlao. 

98 

Os marrow 

* 94 

76 

Ox tallow • 

. 96 

76 

Goose fkt - 

. 68 

89 

Motlog tnet 

- 98 

74 

The late Dr. Robert Dnndas Thomson gave Ibo following lisi of animal fkta and 
thoir melting peinta i — 

Badgorikt 

BetftalWw 

• 

86® 



77° 

- 

SM 

2«f - • 


79f 

Calf. - - 

- * 

188*8 

Fox . - - 


199 

Camel * - 

• m 

181 

Hare 


117A 

Cooblnml fkt 

• 

104 

Hog’s lard 


8<A 

Cowh hotter - 

• 

7M 

Bemgnrn • 


140 
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ITuman fit 

PtUMhint - 

Turkey 

StcHHuc (humiii) 

.. (•hwp) . 

„ (oxen) - 
» - 

The pnrificntion and decolorution of fati has been the object of many patent^ 
One of the best U to mix 2 jier cent, of strtmf* sulphuric acid with a quantity «»f 
water, in which the tallow is healed (or sotne time with much stirring; to allow the 
iiiuterialH to cool, to take off the supernatant fat, and to re melt if with ubundaiice ot 
hot water. More tallow will thus he obtained, and that considerably whiter and 
liurder than is usually procun^d b\ the inelUTS. 

Dr. tire stated that he found that chlorine and chloride of lime did not improve, 
but rather deteriorated, the appearances of nils and other fatty bodies. According to 
Appert, minced suet subjected to the action of higU-presbure steam in a digester, 
at or if 60® F., becomes so hard as to be soimrous when struck, whiit^r, and 
copahle, when made into caudles, of giving; a superior light. A convenient inode 
of temhuiy minced tallow, or melting it. is to put it in a tub, and drive sttam 
through, it from numerous orifices in rumiK ing pipes ]daoed near the bottom. 
Mr. Watlaf plan of purifying fats, patented I’li Slarch, I8;t6, has been successful. 
Ill Mli|dp}B dilute sulphuric acid, to uhieh he adds a little nitric acid, with a very 
small quantity of hiehromate of potash to supply ox v gen, aud some oxalic acid. 
These are mixed with the fat in the steaming tub. MThen the lumps of it are nearly 
dissolvi'd, he taki^s for every ton of fat, one pound of strong nitric acid, diluted with 
one quart of water ; to which be adds two ounces of alcohol, naphtha, sulphuric ether, 
or spirits of turpentine ; and after introiluciug this mixture, he continues the boiling 
for half ail hour. The fat is dually washed. 

Others hare proposed to use vegetable or animal charcoal first, especially for rancid 
oils, then to heat them with a solution of sulphate of copper and common salt, which 
is supposed to pri‘ci^)itute the fetid albuminous matter. 

Mr. Frjiine obtained a patent in March, 1840, for purifying tallow for the candle* 
maker, by heating it along with a solution of carbonate of potash or llbda for 8 hours, 
letting the whole ewil, n moving the tallow to another vessel, heating it by means of 
Bt«‘Bui up to 206® F., along w ith drj earlnMiate of potash (pearlash) ; letting this mix- 
ture cool verv slowly; aud fiiiull)* removing the tallow to a vessel inclosed In steam, 
»o as to expel any subsidiary moisture. 

A patent for a like purpose was obtained in June, 1842, by Mr. II. II. AVatson. lie 
avails himself of the blanching power of oxygen, as evolved ftrom |>ermanguDate of 
potash (chaineleoii mineral), in the act of its decomposition by acids, while iu contact 
with the melted fat. He prescrilM^s a leaden vessel (a well joined wooden tub will 
also serve) for o^*rating upon the melted tallow w itli onc-twenticth of its weight of 
the manganate divsolved in water, and acidulated to the taste, llie whole are to be 
well mixed, and gradually he«M ftom 150® up to 212® F., and maintained at that 
temperature for au hour. On account of tlie tendency of the dissolved man- 
guiiate to spontaneous decomposltkim it should be added to the dilute acid, mixed 
with the fat previously melted at the lowest temperature coosistent with its fluidity. 

Mr. Wilson, of Vuuxhall, has applied ccntriftigal action to the separation of the 
liquid flpoui the more sedid parts of fatty mutters, employing in preference the hydros 
extfaehtrs used b} Seyrif and Oa fordr}'ing textile fabrics. Mr. Wilson applies a 
stout cotton twill in addition to the wire-grating; and in order to avoid the necessity 
*be concrete parts, and to prevent them from clogging the interstices for 
the discharge of the oily matter, he places the whole in a bug 8 inches in diameter, 
and of such Jeiigth that when laid on the rotatirg moohine against the grating the 
two ends w||Beet.^ The speed of the machine xiinst be kept below that at which 
stearic acicror stearine would pass ; which is known by the limpidity of the expressed 
fluid. To take advantage of the liquefying influence of beat, he keeps the tempera- 
ture of his own room about 2® F. above that of the snlistances under treatment. 

The chemistry of ikt will be found in Watts ** Dictionary of Chemistry.” For 

JiufHtritt, &c.. see Tallow. 

FAULTS {FaUks, Fr.), in mining, are distorbances of the strata which interrupt 
the mincFs operations, and pnt him at a loss to discover where the vein of ore or bed 
of coat has been ** thrown *’ by the convulsion of natnre. 

A mineral vein may be regarded as a Assure formed by the consolidation of the 
rocks in which it exists, or by some movement of the entire mass, producing these 
cracks at right angles to the line of greatest mechanical force ; these have been even- 


• 77® Stearino (dock) - - • 109® 

- - loi» iVtine .... 

- lia Chlorestine ... 278 

- - 120 C'antharides fat - . . g.tl 

- Hill Margarine (batter) - - 105 

> III Falnutiue - - - - 115 

- lOU 
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tuilly flUttd in with the mineral or melalliferooa matter which we find m them. AiWr 
thia uo tnken plate, there has lometiuiet been a movement of a portion of the ground, 
and the mineral vein, or lode, baa been fhu:tttrtML A simple illusttaiiou of this is the tol- 
lowiag,>!y 786, wbere we have the mineral vein dielooated« and subsequently to the dis- 
location &ere has been a formation of astiingof spothose iron, follow ingtbe bindings 
of a crack formed by the rooTemea^ which, in this case, has been less than the width 
of the lode. In the 1 irge oudority of examples the ** heave* or ** throw** of the lode has 
bt cn very considerable. It is usual to speak of a/mh aa if the Assure bad actually moved 
the lode. It ahould be understood thatan actntt movemint of gn at massea of the aolid 
earth is implied, aud consequently, the Unit having been formed I ifore the movement, it 
is moved with the rock in which it is enclosed, tnj* 788 is thi plan of veins 1, 8, 3, 4, 
and an El van course a a, which have been dialtKsisd along the liti« A, c, and ail the 
lodi s and the Etvan course tuo% ed. In this case tin movemeut has probably taken ptac< 
Irom the North towards the boutb This distuiliaace will be continued to a great 
depth, and m fig 737 is a section showmg the diiloeation of a lode into three parts. In 


736 787 



this case the movement has prohablv bsen the sabsideoee of that poitum of the groniid 
containing the lo^ h, and ite fhrther enbsidence of that portion contnining the lode 
a • the condition of the surftoe bemg Buheeqaently altered by denudation The in- 
clmaiiOQ of a lode is frequently chaugra by these movements, thus>Sp. 789 sappotes e d 
to repicoent the onginal conation of the lode by n convulsion, the portion a A has 
fitllen away leaving n chssm between, and the ** dip** or inclination of the lode is 
therefore materially changed. The direction of the lode is ftwqnently sltcrsd by 
these movements. Many lodes in Cornwall have a direction flrom the N. of E. to the 
EL of W. up to a fknlt, on the other side id which the direction la dmngedftom the 8, 
of E to the N. of W. Where these distnrbsnoes are of frequent oeeurrenoe, the dilll- 
oulties of mtmng are greatly inereaied. 

The disloeatioos aud obatmeuoni fbond in coal-fields, which render the search tar 
coal lo difficult, and thetr miamg so Ifihonous and nnoertam, are the IbUowing.— • 

1. JhAu, 2. or Fai^ 8. Bucket 4. Troehke. 

The filst thiest infer dialocattoiicf ^strata, the fourth, chaogeaia thahsdofml 
haslfi 
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I. A AAi it • vail of fStruMOOf matter, whieli dividei all the beda in a eoal^eld. 

Dikce 01 tend not only in one line of bearing through ooal-fieldt for many milea. hot 
run tnnu tinun in different directione, and have often irregular bendinei, bat no eharp 
lingular turna. When ftt>m a few feet to a few fathoms in thickness, they orcnr some- 
tinuw in numbers within a small area of a cool basin, mnning in various directions, 
find even crossing each other. Ftg. 740, represents a ground plan of a coal-field, 
intersected wih greenstone dikea a b 
find r D are two dikes standing parallel 
in each other ; R F and o n are croM 
or oblique dikes, which divide both 
the coal strata and the primary dikes 
A B and c i>. 

S. Sitpi or faults run in straight 
lines through coal-measures, and at 
every angle of incidence to each other. 

Ftg. 741 represents a ground plan of 
a coal-field, with two slips A d and c n, 
the line of bearing of the planes of the 
strata, which throw them down to the 
outcrop. This is the simplest form of 
a slif). Ftg. 74S, eahibits part of a B 
coal-field intersected with slips, like a 
cracked sheet of ice. Here a B is a * 
dike I while the narrow lines show 
faults of every kind, producing dislo- 
cations varying in amount of slip ftom 

A ibw to a great many fhthoms. The fkults at the points o, a, a vanish ; and the 
lines at o denote four small partial slips called hitehes. 

The effects of slips and dikes on the coal strata appear more prominently when 
viewed in a vertieal section, than in a ground plan, where they seem to be merely 
walls, veins, or lines of demarcation. Fig. 743 it a vertical section of a coal-fielA 




fW>m dip to rise, showing three strata of coal a, A, c. a b represents a dike at right 
angles to the plane of the cool-beds. This reotangulor wall merely separatee the coal- 
measurea, affecting their line of riae i but ftirther to the rise, the oblique dike c n in- 
terrupts ihu coals a, 6 , e, and not only diqjoina them» but has produced a movement 
which has thrown them and their oonoomitant strata greatly lower down | but still, 
with this depression, the strata retain their parallelism and general dope. Nearer to 
the outcrop, another dike^ b v, interm^ tha coala o, 6 , c, not merely breaking the 
continuity of the planet, but throwing tnem moderately np, so ai to produce a steeper 
inclination, as shown in the figure. It sometimes happess that the ooala in the com- 
partment u, betwixt the dikes o and n, may lie nearly borisontal, and the efl^ of the 
dike E, r, is then to throw 
out the coals altogether, 
leaving no of them 
in the oomfHnent k. 

The cfifict of sUpa on 
the strata is also repre- 
sented in the vertieal aeo- 
Wan^fig. 744, where 0 , 6 ^ e 
arc coals with their asso- 
ciated strata, a b is an 
inteiMting slip, which 
throve all the coals of the 
tint compartment much lower, u is ohiervalile in the second. No. S { snd from 
the amount of the alip, it bri^ in other ooal-seams, marked 1 , fi, 3 , not in ths 
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comptHineiit No. 1. c d, ii a flip prodocing a iiniilar reiuU, bot not ti the tame 
inagnitade; a f repreaentt a alip acroai the atrata. rerene lu direetion to the former ; 
the effeot of which ia to throw up the coala, aa ahown m the area Na 4. Such 
a flip occaaionalljr bringa ioto plaj ceama aeated under thoae marked a, r, aa 
NOOD at 4, 6, 6 ; and it may happen that the coal marked 4 lice in the prolong- 
ation of a well-known aeam, aa e, in the eompartmeat Na d, when the eaae be- 
comea puaaling to the miner, hi addition to the above varietiee, a number of iliM or 
hitchea are often aeon near one anotheri aa In the area marked No. A, where the indi 
vidual diaplaoementa are inconaiderable, but the aggregate dieloeatiou may be great* 
in reforenee to the aeama of the 6th oompartment. 


745 
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The rvaulu nf dikea and alipa on a 
lioriaotttal ponton of a field are exem- 
plified in 745 Where the ooal- 
meaaufea are honaontal* and the faulta 
run at a greater angle than 45^ to the 
line of bearing* they are termed ** 
and "riae” fiittlta, at a B, c i>, n r. 
following./^- 746, whioh la an aoonrate 
section of the Moatyn coal-field, Flint- 
ahire, will ahow the amount to which 
thoce distnrbancea are cxperienoed. 
The lettera mark with aulaeient dit- 



tioetneaa the beda on eitbar aide of the 
ilialta. 

Coal viewen or engineari regard the 
dialoeationa now deaenbed aa Img anb- 
Jeot in one reapect to a general law^ 
which may be thna explained: — Let 
Jig. 747 be a portUm of a coal-metaare ; 
A, being the pavement and n the roof 
of the ooal-aeam. K In panning the 
itratnm at 0 , a dike » ooenn, atandhig at 
right anglca with the pavcmeiit» »egr 
eondode that the dike ia menlv a partition-wall between the beda by its own thick- 
neea» leaving the eoal-aeam udiataiM on either aide; hot if n dike i ftinaii» m nt a. 


747 
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HU obtoie anglu witli the pavement, they conclude that the dike is not a simple 
IMirtiUoii bfiwceii the Mrata, hut bus thrown up the several seams into the predica- 
ment shown ut o. Finall}, should a dike ii make at i an acute angle with the pave- 
inciit. lilt*} conclude that the dike has thrown down the coal measures into the posi- 
ti(oi ol' a. 

Dikes and faults arc dc*noininutcd upthrow or downthrow, according to the position 
they ure met with in working the mine. Thus in fy. 74«'i, if the miner is advancing 
to the use, the dike A u ob\ioub1> dues not change the direction t but c d is a down- 
throw dike of a certain numlKT of futlionis towards the rise of the basin, atid e vis an 
upthrow dike likewise towai^ds tiic rise. Do the other hand, when the dikea are met 
with 1>\ the miner in working from the ribe to the dip, the names of the above dikes 
would be reversed ; for what is uii upthrow in the first case, becomes a downthrow in 
the hi eoud, relative to the mining operutions. 

n. We have seen that hiiche^ are hiriull and partial slips, where the dislocation does 
not exceed the thickness of the coal bcoiii ; and thc‘y arc correctly enough called Mteps 
by the miner. Fiy. 748 repre- 
seiitb the operation of the hitchft 
A, 11, c, 1), E, r, o, It, on the coal- 
measures. Though uhberved in 
one or two beams of a field, they 
ina) not apiieur in the rest, us is 
the case with dikes and faults. 

ill the aho\e diserijitioii the 
language of the initio has been 
retained, hut in the case of the 
dike, us of the Jaulhftropcr, it is not that the dike bos lifted the coal bed up (V 
down, hut during the convulsive movements of the earth, when those trap dikes were 
being forced from below, great moi ements were produced on either side of the fissures, 
thirntgli which the molten matter ahuonded, and hence the alteration in the position of 
the beds, which were previously, ]>eiha])h, nearly in a horizontal plane, 

FKAI'lIKKS. Fr. } /•Vc/e/n. Germ.) “The most beautiful, the most com- 

))lex, and the mobt highly elohorated of all the coverings of animals, due |o the de- 
velopment of the cpidernial 6} stem, is the plumage of birds.” — Oieen. 

A feather oonbibts of the ** quUlt* the ** and the “ vane.** The vane consists 
of ** barbs ’* and barbules.” 

The qmll is piercinl by a lower and un upper orifice, and contains a series of light, 
dry, conical capsules, fitted one upon another, and united together by a central pcdiele. 

The b/m/t is blightly bent, the concave side is divided into two surfaces a middle 
longiludiiuil line contiiiiiod f\oni the upper orifice of the quill, the convex side is smooth. 
Both sides arc covered with a horny material similar to that of the quill, and they 
enclose a peculiar whites soft, clastic substance, called tlie ** pith,** The barbs are 
Bitached to the sides of the shaft The barbules ure given off from either side of the 
hiirbs, and are sometimes similarly barbed thcmbelves, as may be seen in the barbules 
of the Jong feathers of the peacock’s tail. 

'i'he Imrbulos arc cojiinionly short and close set, and curved in contrary directions, 
so that two adjoining series of barbules interlock together and form the mechanism 
h> which the barbs are compacted into the close and resisting vane of the quill, or 
“ feather,** properly so called. When the barbules are long and loose, they characterise 
that form of the feather which is properly called a ** plume,** and such are the most 
valuable products of the plumage of birds in a commercial point of view, as e.g. the 
plumes of the ostrich. 

The Down. — 7'he lower barbs in every kind of feather are usually loose, forming 
the down, which is increased in most birds by what is called the “ accessory plume.*' 
*l'his is usually downy tuff, but varies in differcut species, and even in the 

feathers of dillenMIiarts of the body of the same bird. The value of feathers for b^ 
stuffing depends upon the proportion of loose soft down that enters into their composi- 
tion ; and as the ** accessory plume '* in the body feathers of the swans, geese, and 
dqck^ is almost as long as the feather from which it springs, hence arises the com- 
mercial value of the feathers of those aquatic birds. — Owen, 

*J'he first covering of the young bird is a down. In most birds a certain portion of 
the down feathers is retained with the true feathers, and this proportion is usually 
greatest in the aquatic birds. 

It is most remarkable in the eider duck (^Anas moUisaima). “The down of the 
cider combines, with its peculiar softness, fineness, and lightness, so great a degree of 
elasticity that the quantity of this beautiffil material which might be compressed and 
cou^aled between the two hands of a mas, will serve to stufl:' the coverlet of a bed.** 
•— Owen. 
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Feathers constitute the subject of the mannfttctun* of the l*inma$thr, a name given 
to the ortison who prepares the feathers of certain birds as ornaments for ladies and 
for military men, aud to him also who combines the feathers in Tarious forms. We 
shall content ourselves with d»‘Bcrihing the method of preparing ostrich Others, as most 
others are prepared in the same way. 

Several qoalitiea arc distinguished in the feathers of the ostrich ) those of the male, 
in particular, are whiter and more beautiful. 'J'hoee uimn the bark and above the 
wings are pn*ferred ; next those of the wings, and lastly, of the tail. The down is 
merely the feathers of the other parts of the body, which vary in length from 4 to 14 
inches. 'J'his dowu is block in the moles, and grey in the females. finott white 
feathers of the female have always their endsalitTtf gray iah, which leascns their 
lustre, and lowers their price. These feathem ire imported from Algiers, Tunis, 
Alexandria, Madagascar, and Senegal; this being the order of their value. 

The tcouring procfkJt is thus performed:— 4 ounces of white soap, cut small, are 
dibsolvi^d in 4 pounds of water, moderately hot, in a large basin ; and the solution is 
made into a lather by lieating with rods. Two bundles of the feathers, tied with 
packthread, are then introduced, and are rubbed well with the hands lor five or six 
niiiMites. After thib soaping they arc washed in clear water, as hot as the hand 
cun bear. 

'Phe whitening or hleaehing is performed by three successive operations. 

1 I'hey are immersed in hot water mixed with Spanish white, and well agitated 
in It , oiler whudi they arc washed in three waters in succession. 

L* Tlie featiiers are axiired in cold water containing a little indigo tied up id a fine 
cloth. They should he passed quickly through this hath, 

a. They are sulphured in the same way as straw hats are (see SuLmuatNu) ; they 
are then dried hy hanging upon cords, when they must be well shaken from time to 
time to open the fibres. 

The ribs arc sciuped with a bit of glus^ cut circularly, in order to render them very 
pliam. Hy drawing the edge of a blunt knife over the filaments they assume the 
eurl> lorm so iiiudi admired. 

Those feathers which are of a dingy colour Bred}ed black. For 20 pounds of 
feathers, a strong decoction is made of 25 |K>unds of logwood in a proper quantity of 
water. After boiling it for 6 hours, the logwood is taken out, .S pounds of copperas 
are thrown in ; and, after oontinuiug the ebnUition for 15 or 20 minutes, the copper 
is taken from the fire. The feathers are then immersed by handfuls, thoroughly 
soaked, and worked about ; and left in two or three days. "I'hey are next cleansed in 
a very weak alkaline lye, and soaped three several times. When they feel very soft 
to the touch, they must be rinsed in cold water, and afterwards dried. White feathers 
are very difficult to dye a fine black. 

For dyeing other colours, the feathers should be previously well bleached by the 
action of the sun and the dew ; the end of the tube being cut sharp like a toothpick, 
and the feathers being planted singly in the grass. After fifteen days* exposure, they 
arc cleared with soap as above described. 

liote cflhmr or piu/^ is given by safflower and lemon juice. 

JDrep ret/, by a boiling hot bath of Braxil wood, after aluming. 

Cttniwn, llie above deep red feathers are passed through a bath of cudbear. 

Prune de Monsieur, The deep red is passed through an alkaline bath, 

Bluee of every shade, arc dyed with the indigo vat 

Yellow ; after aluming, with a bath of turmeric or weld. 

Other tints may be obtained by a mixture of the above dyes. 

Feathers supply us with a soft elastic down on which we can repose our wearied 
frames, and e^oy sweet slumbers. Such are called bed feathers. 

Ooose feathera are most esteemed. There is a prejudice that they are best when 
plucked fWmk the living bird, which is done thrice a year, in spring, midsummer, and 
the beginning of harvest. The qualities sought fbr in bed feaSiers are softness, 
elasticity, lightness, and warmth. Their only preparation when cleanly gathered are 
a flight beating to clear away the loose matter, but for this purpose they must be first 
well dried either by the sun or stove. Stoving or hot air being also necessary to 
remove any animal matter liable to putrefy. 

The feathers of the eider duck, Anas moUissitna, called eider down, possess in a 
superior degree all the good qualities of goose down. It is used only as a covering to 
beds, and never should he slept upon, as It thereby loses its elasticity. 

QuUts for writing. These-consist usually of the feathera plncked out of the wings 
of geese. Dutch ouiUs have been highly esteemed, as the Dutch were the firat who 
hit upon the art of mparing them wmI, hy clearing them both insioe and ontai^ftom 
a fkt^ humoar with which they are niUurally impregnated, and which prevefiti the 
ink Rom flowing freely along the pens made with them. The Dutch for a long 
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employed hot cioden or Mhei to attafn ihit ead ; and their leeret wei preferred tery 
oereAilljt but it at length transpired, and the nroeess was then impror^. A bath of 
very fine sand must be kept constantly at a suitable temperature, which is abont 140^ 
F. { into this the quill end of the feainer must be plnnged, and left in itafew insUnts. 
On taking the feathers out they must be strongly rubM with a piece of flannel, after 
which they are found to be white and transparent Both carbonate of potash in solution 
and dilute sulphuric acid have been tried to effect the same end, but without succeM. 
The yellow tint which gives quills the air of age, is produced bjf dipping them for a 
abort time in dilute muriatic acid, and then making them perfectly dry. But this 
process must be preceded by the sand bath operation. 

Quills are dressed by the London dealers in two ways ; by the one, they renuiin of 
their natural colour i by the other, they acquire a yellow tint. The former is called 
the Dutch method, and the principal workman is called a Dutcher. He sits before a 
amall stove fire, into which he thrusts the barrel of the quill for about a second, then 
lays Its root quickly below his blunt-ed^ed knife, called a hook, and, pressing this 
firmly with the left hand, draws the quill briskly through with his right. The M on 
which the quill is laid to receive this pressure is called the plate. A skilful workmen 
I an pass 2,000 quills through his hanit in a day of ten hours. They are next cleansed 
by being scrubb^ by a woman with a piece of rough dog-fidi skin, and then tied up 
ill bundles. 

In the goose’s wing, the five exterior feathers only are valuable for writing t the 
first is the hardest and roundest of all, but the shortest ; the next two are the Wt of 
the five. The heaviest quills are generally the best. Our imports in 1804 were 


Feather* for Bed*, 

CWtl. 

valuf. 

From Russia 

- 1,919 

£18,807 

Hamburg ..... 

- 3,695 

31,038 

France 

- 2,609 

21,916 

Other parts ----- 

. 563 

4,727 

Total • 

• 6,786 

Ostrich Feathers, White . - • 

Ibi. 

- 16,192 

£1i3I!!mo 

„ „ Black - - - 

- 26,643 

80,583 

Feafoers of other sorts . - . - 

- 24,166 

11,465 


FEATHER ALUM, sometimes Hair-Salt A hydrous sulphate of alumina, 
resulting from volcanic action, and ftom the decomposition of iron pyrites, especially 
in the coal measure shale. 

FEATHER ORE. Kwiiosito. Hetermorphite, A sulphuret of antimony and 
lead. Its composition being sulphur 19*8, antimony 31 *0, lead 49*8. It is sometimes 
found in capillary forms and like a cobweb, but it is also found massive. 

FEGULA {Fievile, Fr. i StSrkemeh!, Germ.) sometimes signifies corn flour, some- 
times starch, ftom whatever source obtained ; and it is also applied to chlorophyll, 
the green matter of plants. The term is applied to any pulverulent matter obtained 
fipom plants by simply breaking down the texture, washing with water, and sub- 
sidence. 

FEEDER, a mining term, A small lateral lode falling into the main lode or 
mineral vein. 

FELL. The hide of an animal. 

FELL-MONGER. The business of the fellmonger is to separate the wool from 
the skin. The wool is sold to the wool-stapler, and the stripped skins sent to the leather 
dressers or parchment makers. 

FELSPAR ^RfELDSPAR CFeUepath, Fr. and Germ.) Under the name of 
feUfor, the nJlBogist associates a number of important rock-forming minenls, 
which, from the many characters that they possess in common, were formerly con- 
founded together, and are with difficulty dfstingiilshed Dram one another by mere 
.inspection ; but which, neveiibeless» are sufltoiently distinct, both in chemied oom- 
position, and in ciystaUine form, to admit of division into several well-defined 
species. The felqmrs ara, in all oases^ anhydrons double silicates, consisting of a 
silicate of alumina, combined with a silicate of a protoxide which may be either 
potash, soda, lithia, or lime } but as these oxides are capable of mutually replacing 
each other, it commonly hafipens that two w even more of them coexist in the same 
species. In all the members of foe felspar group, there exists foe simple relation 
of one equivalent of foe aesqiuioxide, alumina, to one equivalent of the protoxide 
baworbasest but foe proporaon of silica varies oondderably in foe diffisrent species, 

and affects their density to a notable extent The amount of sUioa also bean a 
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definite relation to the geot<^cal cliincter of the roeh in whieh the felepar ocean, 
and to the minerals inth which it is associated } the highlr silieated species, as 
orthoclase, albite, and oligoelase, oeeurring in granltet, trnehytee, fisc. i whilst the 
less silieated felspan, as labradorite, ate confined to basalts, oartain laras, and 
other basic rocks. 

Exposed to a high temperatnre, the felspars fbse, with greater or less diflieultj, 
to a ritreons enamel possensing considerable hardness, a property which has led to 
their use in glasing poreeiain. All the felspan are snfihiietti^ hard to sorateh glass, 
but are themselves soratobed by ausrta ( and this hardness, combhied with their 
crystalline form, often serves to disttagnish them ftom other minerals. Their specific 
gravity varies from about S'S In orthoelaseto npwards eCfi*7 in labradorite \ and by 
its constancy in the dilTerent species, becomes a nseftil eharaoteristiOi The lustre ft 
commonly vitreous, passing into pearly on the more perfiwt deavage*plnnee t whilst 
certain of the rarer varieties epjoy peculiar opalcaeent and Iridescent properties, of 
which the jeweller takee advantage, to a limited extent With the exeeftion of 
iahradorite, all the felspan are unacted upon by aoida 

I'he principal economic value of the felapathic minerals depends on their applica- 
tion to porcelain manniheture } partly as a constituent of the paste itself^ but chiefly 
as a glass (See Pomav.) From the decomposition of the feleper in certain granites, 
the well-kuown kaolin, or China clay, is commonly supposed to result (see Poaev- 
LAIN Clav ) The feUpathic minerals Vre also empl^ed aa manuret, the alkalis 
present rendering them especially valuable. (Sea MaNnaxs, AannciAL.) 

Aceoiding to the nature of their basic constituents, the felspars admit of classifica- 
tion into five groups, vix.:~ 

I Potash-felspar (often containing soda) i ortkoettue or emmon felspar; and 
ranidiact or gla^fwpar, 

II. Soda-fiilspar (often containing potash); alhUef and oliyoelau, or toda* 
apodumene, 

HI Scida-lime-felspar (often containing potash) ; labmdoritr^ or labrofhr-fehpar § 
and anderint, 

IV. LimC'felBpor { anorthite. 

y. Lithia felspar ; petalite. 

I. Orthoclabk (OriAow, Fr.; OrfhMia, Germ. ; Otioaa^ TtaL) This is the most 
ordinary species, and that which in popular language is called simply ** felspar.’* It 
occurs as a colourless, grey, or flesh-red mineral, crystallising in oblique rhombic 
prisms, frequently presenting the peculiar combined forms called twin-crystals. 
Orthoclase is a potash-felspar, of which the following is an analysis flrom tbcBaveno 
granite : silica, 65'78 ; alumina, 18*57 ; potash, 14*08 ; soda, 1*85 ; lime, 0*34 ; 
magnesia, O’l 0 !•> 100 ( A6ieA). This mineral is an impoi^t conitituent of granite, 
gneiss, syenite, pegmatite, felstone, and trachyte : of granite it ordinarily oomposes 
from 40 to 45 per cent. The apecies orthoclase haa been subdivided into a great 
number of varieties, frequently founded on very insufficient grounds. The purest 
and most transparent varieties arc diatinffuiahed as adtdaria; and when exhibiting a 
faint bluish opalescence arc used in jewellery under the name Moon-stonic, which sec. 
Other opalescent varieties are the ancrodme, flrom the lircon-syenlte of Norway; 
and the mwrehiMniie trem Dawlish, and ftem Heavitree, near Exeter,— a mineral 
named after the distinffuished geologist and flmnder of the Silurian system— Sir 
R. Murchison. A bright green orthoclase, coloured by a trace of oxide of copper, 
ooonra near Lake Ilnien, in Siberia, and is employed for ornamental purposes under 
thename of amaacm-Hone, fl'cm having been first foundin the River Amaion. EiylA- 
rtte is a fleah-cdooied felspar, Awm Kilpatriok, containing 8 per cent of magnesia ; 
whilst the felspar called kyaiffhaiM is notable for containing a large percentage of 
baryta. AttrodSoss, eheaUrUte, and porihiie, are three Amerfoan varie&a of ortho- 
claae i whilst oahaeiaiuio is the nsme given to a Mexican adularia. 

SANinmn, or gkunfyapar, la a tranaparent potash-soda-fiBlspar, regarded often aa 
a distinct species. It oecuri in tahubir, vitreous erystals, emheddod in traehvte, 
and other vdeanio rocks ; and much retemUet the artificial felspar ohtained in 
certain metallntgieal operations, The well known glatqr felspar flrom tiie Draehen- 
felt ooDiiats of silica, 66*6 ; alomiDa, 18*5 ; potash, 8*0 ; soda, 4*0; lime, 1*0 ; per- 
oxide of iron, 0*6 ;»98'7 (JBvtkm), MpaeoliU is n name pnipos^ by Rose for n 
Vesovian variety of glaw felspar, which appears, however, to be only a mixture of 
felspar and nepheline. llte tmmpafont fel^ian oocnxring in the lavas of Vesuvine, 
me iometimei termed tee-jpor. 

IL Albitb, or ChavefeiidUf— known also as perkXino and te tar f fe e l a i sedar 
felspar first descri b ed 1^ O. Rose. It consisls of siliea, 68*76 ; tlnmine^ 18*79 ; 
soda, 10*90; potash, l*Sl ; lime, 0*51 ; magnesia, o*09 ; peroxide of iron, 0^54 
100*79 (WiRM) Alhite diflSsra feom orthoclase in the nimi of its ccysfeli, wMeh 
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■re mnoli Icai ijfinniclrieBl, and belong to an eiientiatly dittinet system. It is 
A-eqaently a constituent of granite, and, more f^eqnendr than common felspar, of 
syenite and greenstone t but it often occurs associated with the latter in the same 

J ranite, when it may bo distinguished by its greater whiteness and translucency. 
Vris/eriVs is a Canadian albitc, remarkable for the beauty of its opalescence. 
Oliooclase, or aoda-gpodumene, is composed of silica, d3‘54 ; alumina, 22*49 ; 
soda, 7*84 t potash, 4*54; lime, 2*18 ; magnesia, 0*41 ;«il00 (Deville.) This is au 
analysis of the mineral fWmi Teneriffe, where it occurs in traoh> te ; but it is found 
also in granite, syenite, serpentine, and basalt. The name sun-stone, occasionally 
applied to certain yaricties of orthoclasc, is properly restricted to a Norwegian 
oiigoolase, presenting an avcnturinc appearance, which has been referred to the 
presence of minute crystals of either specular iron, or magnetic pyrites. 

111. Labbadoritr, or Labrador felspar^ is a soda-lime-fclspBr, consisting of silica, 
r>S m ; alumina, 36*50 { lime, 1 1*0 ; soda, 4*0 ; peroxide of Iron, 1*25 ; water, 0*50 ; 
*>99 {Klaproth). This beautiful mineral was ilrst observed by the Moravian 
missionaries, on the shores of St. Paul’s Isle, off the coast of Labrador, where it occurs 
associated with hsrpcrstheiie, hornblende, and magnetic iron-orc. It forms a common 
constituent of most basalts and molapbyres, and occurs also In many recent lavas, os 
well 08 in certain meteoric stones. 

From the beautiful chatoyant rcOections which this mineral exhibits when 
polished, It Is highly valued tor purposes of ornament. The parts exhibiting tbo 
play of colours are disposed in irregular spots and patches, and the same spot, held 
in different positions, displays various tints. The cause of this play of colours has 
not been satisfactorily determined, but it is commouly supposed to proceed either 
from minute internal fissures in the stone, or fVom microscopic embedded crystals, 
regarded variously as quarts, specular iron ore. and magnetic pyrites. 

Oelcase has applied the name of Vosgito to a French lahradorite, rendered hydrous 
by partial alteration 

ANDEsiNE is a felspar occurring in the trachyte of the Andes — called by Von 
liurh, andcsite-^aiid also in the Vosges and clscn here. Its composition is silica, 
60 26; alumina, 25*01 ; soda, 7*74; lime, 6*87; potash, 0*84; magnesia, 0*14; 
100*86 (Kanimehberg). 

IV. Ahouthitb, a lime-felspar composed of silica, 43*96 ; alumina, 35*00 ; lime, 
IB 98 ; soda, 0*47 ; magnesia, 0*45 ; potash, 0 39 ; ^roxide of iron, 0*63 {Abtck.) 
It occun in the ejected limestone-blocks on Monte Somnia ; and has been found 
also in the islond of Frocido, in the Bay of Naples ; and in the syenite of Carliug- 
tord, in Ireland. 

Amphodelite is a Scandinavian anorthite, whilst 7’Aiorcaurite is an Icelandic variety. 
BarwwiU and Bgtownitt are two closely allied ininersls ; the former A*om Siberia, 
and the latter fVom Canada. In the species called Danbunte — a mineral frequently 
classed with the lime-felspars — a large proportion of the silica is replaced by tlie 
analogous compound, boracio acid. 

V. Petaute is remarkable as the mineral in which Arfredson, in 1818, first 
discovered the earth lithia. It consists of silica, 77*79 ; alumina, 18*58 | lithia, 3*3 ; 
soda, 1*19 ;bi 100*86 {Jiammfloberg). Pctalite is a white mineral, frequently with a 
reddish tinge, and presenting a glisteiiing or ])carly lustre. Heated before the blow- 
pipe, it exhibits the characteristic crimson colour of lithia-compouiids. The only 
known European locality is the iron mine of Fto, an island 35 miles S.£. of Stock- 
holm. It has been found also in the United States, and in Upper Canada, near 
York, on Lake Ontario. 

FEL8P ATHIG. Of or belongiDg to felspar. 

FELSPATHIC ROOKS {Rochtt feldtgiathiqurg, Fr. ; Feldspathgesteine, Germ.) 
Rocks in which fahipar forms an essential and frequently the principal constituent. 
FHttme, wami, is a rock consisting Uimost exclusively of a compact 

orthoclase, asMiited with a small amount d free silica, and much resembling in its 
general charaeteM eeitain fbnni of quarts, whence it has unfortunately been tenned 
petroailw. From all varieties d quartz, it may however be readily distinguished by 
• its Aisibility, and beooe it was called by Werner /iMi5/e homatone. A felitone 
ocrurring with the magnetic iron-ore of Dannemora retains its Swedish name of 
Hdlbjlinta t and the kmile of Dr. Clarke appears to he a very similar rook. The 
name of admdU has been applied by Bendant to a rock closely related to felstone, bnt 
consisting of oompaot albite-felspar. When distinct felspar-crj stals are developed in 
a compact base of felstone, the rock hcoomos n/ebpar-porphgry ; and when these are 
accompanied by quarts it forms a quarUifnvua^pornhgry or elvawte. Of these rocks, 
formed of mixtures of felspar and quarts, several varieties are recognised ; such as 
sartto, apUte^ granvMta^ and Irptipdic. PegMtiU is a very similar rook, often known as 
graphic granite ftvm peculiar disposition of the qnarts-crystals in thefelspar-haso. 
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Sacli a rock may b« tanned a hinarp jiroaiVc, aisea it ^nirai only the addition of 
tome micaceous mineral to convert it into a tme j/mailr. The maitic rooks have 
been divided into nnmerons varieties founded either on peaiiliafitiei of textore, such 
as yaeiM, vhich is comiuonly regarded as a schistose granite t or on Tariations in 
composition, arising generally th)m the presence of certain aooessory minerals : thus, 
the hermt€ from Bersof in the Ural Monntaina^ is a granite eontaining iron*pyrites. 
In certain granitic rocks, the mica is replaced by other minerals gmogrise to several 
distinct varieties : in the Cornish /uxulftanite, for example, it is leplaeed by sehorl, 
and in the so-called prvioj^nt of the Alps by tale t whilst in lyem'Si its place is 
supplied by hornblende, 'in the stfcoa<^emef of Norway, aircon oeenri u an 
accessory constituent ; and to this rock the diberian miatoite is closely related. On 
the disappearance of the quarts in syenite, a rock Is obtained ednsietlog of folspar and 
hornblende, and commonly termed gteen$ttme ; of which rock ^iorife,apianit§i, riatosi/s, 
and amphihoUtt^ may he mentioned as varieties. A elognlar concretionary grsenatone 
fioui the Island of Corsica is known as NapoltomU or orbirular dtd/ntpf and sometimes 
very impropctly ns Cartiean gran^tt. 

The rocks passing under the names of ^rrsaf/, do/enVe, anosMttfe, nnd msiipAyre, all 
hear a greater or less resemblance to greenstone, but are distinguished by containing 
the more basic felspar, labradorite, associated always with augite, and often with 
various other minerals, such as olivine, magnetic iron-ore, &e. Many of these rocks 
nrc united under the general name of trap. 

Another series of fcl spathic rocks it formed hy those volcanic products of which 
hathpia is the type. This rock consists almost exclusively of felspar, and often 
becomes porphyritic by the presenoe of crystals of sanidine. Among the varieties of 
trachyte may ho noticed the andmitp of the Andes, and the thmite of the Puy-de- 
Dome. HhyoUte is a highly silicated trachytie rock. A compact fissile rock allied to 
trachyte is termed phonoUtt or cHnkaioftCt in allusion to the ringing sound which it 
emits on being struck. 

When trachytie nirks have been completely ftised they pass into a vitridod condition, 
forming a variety of obitdtan or volcamc plana. A capillary form of obsidian ftom the 
Sandwich Islands is known as iWt Aatr. When obsidian loses its vitreous texture 
it passes into pitchntoM ; and when presenting a concretionary structure it is termed 
pfarlntone. i^umtee is simply a cellular or fibrous form of felspathic lava. 

Special descriptions of the rocks that are of any practical importance will bo found 
under their respective headings. 

FELT. (Feutte, Fr ; Filz, Germ.) A material formed by working into a sheet, 
wool or hair, upon the principle of their matting together. 

FELTING (Feutrage, Fr.$ Ji&en, Germ.) is the process by which loose flocks 
of wool, and hairs of various animals, as the beaver, rabbit, hare, Ac., are mutually 
interlaced into a compact textile fabric. The first step towards making felt is to mix, 
in the proper proportions, the different kinda^ fibres intended to form the stuff; and 
then, by the vibratory strokes of the bowstnng, to toss them up in the air, and to 
cause them to fall as iiregnlarly as possible, u^n the table, opened, spread, and 
scattered. The workman covers this layer of loose flocks with a piece of thick 
blanket etuff slightly moistened; he presses it with his hands, moving the hairs 
backwards and forwards in all dictions. Thus the different fibres ^ interlace^ by 
their ends pursuing ever tortuous paths; their vermicular motion being always, how- 
ever, root foremost. As the matting gets denser, the band pressure should be in- 
crea^, in order to overcome the increasing resistance to the decussation. 

A first thin sheet of soft spongy felt being now formed, a second is condensed npon 
it in like manner, and then a third, till the requisite strength and thickness be ob- 
tained. These different pieces are successively brought tocher, disposed in a way 
suitable to tbe wished-for article, and united by oontinned dexterous pressure. The 
felt mnst be next satjeoted to the foiling milL See Hat MaMuracroBB, and 
Kamptulioon. 

FENKS. The refose of whale blabber. It is nsed as a manure, and baa been 
employed in the manufactore of Pmisian blue. 

FENNEL. The JiulAiaii FoniACM/imr, a plant yielding an aromatic oiL The leaves 
are need for making sauoe, the seeda are carminwYc. 

FENUQRfiCK. The TWponeSa Fttnum^Grmeum, an herb onlUvated throoghont 
Greece and the East aa an article of food. The seeds, which alone are nieo, wee 
eaten both boiled and raw, mkad with honey. The T/igoneUa Careka ia a nattve 
of Switaerland and Bohemia. The flowers are of a delicate blue eoloay. and have an 
odour like that vS Balsam of Pern. This odour increases by drying, and the Italian 
perfomera uae it exteneively. The Swisa nae it to flavour some of Soli eheaaeiL 

FER ACIEREUX. Steely iron prodneod by the Catalan procesa. See taow. 

FERMENT (Eng. and F^.; Gem,) is the substance whieh. wbea a^ed 
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In ft nuill qoutity to tegeteble or tDimil Holds, toods to ezolto those intestine motions, 
or chftngM, which seooiBpftny fermentstion. It seeme to be the resolt of on sltenition 
which veffetable ftlbnmen end gloten undergo with oontsot of sir smidst ft fermenting 
miss. The preeipitotes or lees which fhU down, when fermentstion is finished consist 
of ft mixtore of the fermenting principle with the insoluble mutters eontsined in the 
fermented liquor, some of whioh, like hordein$t existed la the worts, end others are 
probably generated at the time. 

To prepare a pure ferment, or at least a compound rich in that principle, the pre- 
cipitate separated during the fermentatiou of a clear Inftision of malt, commonly called 
)eftBt or barm, is made use of. This pasty matter must be washed in cold distilled 
water, dndned and squeeaed between the folds of blotting paper. By this treatment 
it beeotofM a pnlTemlent mass, composed of small transparent grains, yellowish grey 
whaa fU^ed in the compound microscope. It contains much water, and is therefore 
soft, tlha moist gluten and albumen. When dried it becomes, like these bodies, 
translttoid, yellowish brown, homy, hard, and brittle. In the soft humid state it is 
insipid, inodorous, insolnbie in water and alcohoL If in this state the ftrmetU be 
loft to itself, at a temperature of from flO^ to 70^ F., but not in too dry a aitoation, it 
putreiles with the same phenomena as vegetable gluten and albumen, and leaves, like 
them, a Ksidunm resemblioe old cheese. See Fermemtation and Yeast. 

FERMENT OILS. Vomtile oils produced by the fermentation of plants, and not 
originally contained in them. These were the quinteteencet of the alchemists. In 
most cases they are obtained by placing the leaves qf the flowering plant in water, 
and allowing them to ferment After which the liquid Is distilled, and the ferment 
oil usually separated by means of other. The following ferment oils are de- 
scribed in Watts* ** Dictionary of Chemistry.** 

Ferment oil of Cketrophythm Mj^oeatre, Wild Chervil. Gommon parsley. 

„ Chahmium majua. The larger celandine. 

„ Oonium maetdutum. Common hemlnek. 

„ Erythraa cantuarium* Little eentuary. 

„ Echium vulgara. Vipers* bugloia. 

„ Erica wigaria. Common heath. 

„ Mitrrubium vukara. White horehound. 

„ Achillea miiltfolium. Common yarrow. 

„ Planlago, The plantain. 

„ Quercua robur. Oak. 

„ SaUx paniandra. The willow. 

,« Salvia praienaia. Meadow sage. 

„ TrifoUum ftbrinum. The clover, 

„ Tuaailapo/ar/ara. Colt’s foot 

„ Vitia c^era. The vine. 

„ Oriiea arena. The nettle. 

„ THtfUttd apjAaa, 

FERMENTATION. (Anacfiftilnm, Fr. } GdAnmy, Grrm.) A change which takes 
place, under the influeneea of air and moisture at a certain temperature, in the con- 
stituent partioles of either vegetable or animal substances. This change is indi- 
cated by a aenaiUe internal motion — the development of heat — the evolution of 
gaseous products. Fermentation may be divided into several kinda, aa — 


Saccharine, Butyrio, 

Acetic, Glyceric, 

Alcoholic or Vinous, Lactic, 

Putreiketive, Mucous. 


Of the ]atterM||mpIes but a brief notice is required. Mueoua ftrmeniatim Is esta^ 
blished whenw Juice of the beetroot or carrot is kept at a tetoperatnre of 100^ for 
some time, when a tumnltuous deeomposidon takes plack All the si^ disappe^ and 
the liquor is found to contain a laige quantity of gum, and of mannite with lactic aoid. 

LaeUe Fermeatotioa. — If a solution of one part of sugar in five psurts of water be 
made to fhiment, by the addition of a small quantity of cheese or animal membrane, 
at a temperatuie of 90° or 100°, laetio acid is formed, which may be separated by 
adding little chalk, the lactate of lime depositing in crystaUine grahii. In laetio 
fermentation mannita invariably is prodneed as a secondary product, the formatioii of 
which is not explained. It baa been angmted that the formation of mannite is con- 
nected with the production of succinic aolo, whioh Schmidt, in a letter to Liebig, states 
that he has found in fermenting liquids containing sugar. He snggtifts the foUowiog 
formula : — 



Grape lager. 
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Cn^cvki FerumtaHm, '-^^hen glycerine is mixed with jeaet, gnd kept in a warm 
place for aome weeks, It is decomposed and converted into wwtacHcnie add. This 
fermentation resembles the last named. The glycerine, C*n*0*, forming iiietacetonio 
acid, C*I1K>*, as sugar, C*H*(>*, does lactic acid, C'll'O*, by loM of the elements of 
water. — Kane, 

Butjfric Fermentation. — If the lactic fermentation is allowed to proceed beyond the 
point indicated for the formation of lactate of lime, the precipitate in part rediasolTes 
with a very copious evolu^on of hydrogen gas, and carbonic acid, and the liquor 
contains butyrate of lime. In this action two atoms of lactic acidt C**li'*(V*, 
produce butyric acid, C*irO*, carbonic acid, and hydrogen gaa. 

Futre/iicwfe Fermentaiion, See VtiTRSVAorioN. 

The three first named kinds of fermentetion demand a more especial attention feom 
their importanoe as processes of manufacture. Under the heads respeotieely Acrria 
Acid, ISeee, BnKwino, DtaniXATioM, Malt, and Wine, will be feund everything 
connected with tbo practical part of the subject •, we have therefore only now to deal 
with the chemical and physical phenomena which are involved in the remarkable 
changes which take place. Wlun vtgetabie substances arc in contact with air and 
moifcture, they undergo a peculiar change (decoauMwitioa). Oxygen is absorbed and 
carbonic acid and water are given olF, while there is a considerable deYelopment 
of heat, lliis may take place with greater or less rapidity, and thus eremacatutM, 
fermentation, or combustion may be the result ; the spontuncuus ignition of hay (^os 
an example) btdng the final action of this absorption of oxygen. 

.SWcAar/ae Fermentation. - If starch, C'*1I*0* + 2110, be moistened with an infiision 
of pale malt, it is rapidly converted into dextrine, and hence into grape 

sugar, this is esiwcially called the saccharine fermentation, since augar is 

the rehiilt. 

Acrttr and Akoholie Fermentation. — If sugar is dissolved in water, it will remain 
pi'rfectly unaltered if the air is excludiHl ; hut if exposed to the air, a gradual deconi- 
|Mihition is brought about, and the sfdution liecoincs brown and sour. Oxygen has been 
absorbed, and mr/tV aetd produced. If, however, the sugar is brought into contact with 
any organic body which is in this state of change, the particles of the sugar parii< ipate 
in the process, carbonic acid is evolved, and aico^ I produced. There are some sub- 
stances which are more active than others in producing this change. Yeoat is the most 
remarkable ; but blood, white of egg, glue, and if they have begun to putrefy, are 
capable of exciting fermentation ; vegetable albumen and gluten being, however, more 
active. Vegetable albumen, gluten, and legumin differ feoin most vegetable bodies in tbo 
large quantity of nitrogen which they contain. These substances exist in all fruits, and 
hence, when fruit is crushed, the sugar of the juices in contact with the albumen or 

S luten being then exposed to the air, ox^ gem is rapidly absorbed, the nitrogenous body 
cgins to putrefy, and the sugar posses into fennentative activity. The necessity for 
oxygen is at the commencement of the decomposition ; when the putrefaction of the 
albumen or gluten has once begun, it extends throughout the mass without re- 
quiring any farther action of the air. Those may bo regarded ns natural fer- 
ments. Yeast is an axtifioial one. This body will be more particularly described. 
See YsAar. 

To produce a vinous liquid, it is neoessary that there shall be present augar, or 
some body, os starch or gum capable of conversion into sugar, a certain portion of 
water, and some femient— for all practical purposes ycaaf; and the temj^ratnre should 
be steadily maintained at about SO** F. Both cane and grape sugar yield alcohol hy 
fermentation, but Liebig considers that cane sugar, before it undergoes vinous fermeu- 
tation, is converted into grape sugar b^ contact with the ferments and that, conse- 
quently, it is grape sugar alone which yields alcohol and carbonic acid. 

Grape sugar, as dried at 212^, contains exactly the elements of two atoms of 
alcohol and four of carbonic acid. As 2(C*HH)*) and 4C0* arise from G**H**0'*. 

Cane sugar takes an atom of water to form grape sugar. It follows therefore that 
cane sugar should in fermenting yield more than its own weight of carbonic acid 
and alcohol ; and it has been ascertained by experiment that 100 Mils actually give 
104, whilst by theory 105 should be produced, consisting of 51*3 of carbonic acid, and 
53*7 of alcohol — {Kane.) Dr. Pereira has given the following verjr intelligible 
arrangement to exMbit these changes : ^ 
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Thew flicts will aoiBeiently prove that 'vinous or nleeliolio fSermentadon is tat a 
iDetsniorpbosii of sugar into alcohol and carbonic acid. 

Huch arc the generally receired Tiews. Wc flod» howerer, some other Tievrs pro- 
iuiilg.iti*d which it is important to notice. 

J.icbig calls pv^r^ocfive /cmcato/ioii, — every process of decomposition which, caused 
by t'xienial influences in any part of an organic compound, proceeds through the 
entire mass without the further co-operation of the originiJ cause. Fermentation, 
according to Liebig's definition, is the decomposition exhibited in the presence of 
putrefying substances or ferments, by compounds nitrogenous or non-nitrogenous, 
which alone arc not capable of putrefaction, lie distinguishes, in both putrefaction 
and fermentation, processes in which the oxygen of the atmosphere continually co- 
operates, from such as are accomplished without further access of atmospheric air. 

liebiff opposes the view which considers putrefaction and fermentation as the 
rsiaH of vital processes, the development of vegetable fermations or of microscopic 
Hlatals. He adduces that no trace of vegetal formationa are perceptible in milk 
whtoh is left for some time in vessels carefully tied over with blotting paper, not 
evpn after fermentation has regularly set in, a large quantity of lactic acid having 
been formed. He forthor remarks of fermentative processes, that alcoholic fermen- 
tallta having been observed too exclusively, the phenomena have been generalised, 
while the explanation of this process ought to be derived rather from the study of 
fcriiientative phenomena of a more genord character. 

Hlondeau propounds the view that every kind of fermentation is caused by the 
development of fungi. Hlondeau states that alcoholic fermentation is due to a fungus 
which he designates Torvula rerevieitr; whilst another, PenictUium glaurum, gives rise to 
lactic fermentation. The latter fermentation follows the former in a mixture of 
fiOgrni. of sugar, lOgrm. of yeast, and 200 c. c. of water, which has undergone 
alcoholic fermentation at a temperature of about 20'^, being terminated in about two 
dll) 8. Beer yeast, when left in contact with water in a dark and moist place, contains, 
according to Blondeau, germs both of TarvvJa cereviaia, and of Pentciliium glaucum ; 
the former can be separated by a filter, and will induce alcoholic fermentations in 
sugar water, whilst the latter arc extremely minute, and pass through the filter ; tiie 
11 Unite, mixed with sugar water, gives rise to lactic fermentation. « Acetic fermcn- 
tutum is due to the development of Tormla aceti ; sugar is convertea into acetic acid, 
M itliout evolution of gas, if 5(i0 grm. dissolved in a litre of water, be mixed with 
^00 gnn. of casein, and confined in contact for a month at a temperature of about 20^. 
I'lie conversion of nitrogenous substances into fat (for instance, of casein, in the 
inanufaclurc of Roquefort cheese *, of fibrin under similar circumstances), which 
Blondeau designated by the term fatty fermentation f fermentation adipeuee), is caused 
by Ptnudfiim glaucum or Torvula viridia; and the former fongus is stated to act 
likewise in butyric and in urea-fermentation (conversion of the urea into a q|p- 
bonate of ammonia), , 

Opposed to this view Schubert has ^blished an investigathm upepi yeast In 
order to prove that the action of yeast is due merely to its porosity, he foun^ his 
investigation upon some experiments of Brendecke (partieulaily in reference to the 
statement that fermentation taking plaoa in q,ailution of angar in contact with porous 
bodies is due to an impurity of augar)} aoeording to which various porous bodies, 
such as charcoal, paper, flowera of lulpllftii &o.,*lo which some bitartrate of ammonia 
is added, are capable of inducing formentat^n in « solution of raw sugar. His ob- 
servations are also based upon lome expmtaentt of his own, which seem to indicate 
that poroui bodi^ even without the addition of a salt, are capable of exciting fermen- 
tation in a oolution of (p«re?}eane auger. Whatever may ta the meams whereby 
alooholio fermentation » Induced, he states it to be indispensablo that the body in 
question aho^d be exposed for some time to thoinfloence of air, and that oxygen and 
carbonic abmied Ij the ferment Doth oxygen and carbonic acid, being 

electro-nipive iubetvuoe*, stand in opposition to the electro-positive alcohol, and 
therefore prcd isnj i p tCI ftirmation, but only when they are highly condensed by the 
powerful 8nrftiiW|ttr|i|hifi of the yeast or of any porous body. The electrical 
tension, he itaM So tncreaied by many salts, provided that the latter do not at 
the same either the sugar or the ferment • 

G. Sebmiat liaa oomntiniieated the results of hia experiments to the Anndk 
Chem. Pham, After stating numerous experiments, he continues: ** Nor are ftingi 
the prvmm matene of sacotarie fermentation } the clear filtrate obtained by throwing 
almonds oinshed in water upon a moist filter, soon ioduces fermentation in a iolntion 
of urea and of grape sugar i in the latter case, no traee of ferment cells ean be dis- 
covei^ Uijder the miorosoope, not even after fermentation is ftiUy developed. U tbe 
rointion, atni containing stigiir, )i allowed to stand eight days or a fbrftiight after 
fenncDtation baa ceased, an exuberant development of cellular aggregafioni ia ob« 
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lemd, bot 00 piitrefkction eaaaei; the ftiogi, well waahed and introduced into a 
fresh folation of mpe sugar, continue to grow lozurianUy. inducing, howerer, if at 
ail, but Tory wcm fermentation, which rapidly ceases ; hence the growth of fungi 
during fermentatiTe procesies is but a secondary phenomenon. The inorease of the 
residuary ferment, which occurs after yeast has been in contact with sugar, arises 
from a development of ferment cellulose, which probably takes place at tbs expense 
of the supir. If muscle, gelatine, yeast, Ae,, in a very advancea state nf putrid de- 
composition be introduced into a solution ^ 1 sugar in 4 water, all phenomena of 

K tre&ction disappear \ after a few hours, aotive fermentation sets in, ferment cells 
ing formed, and the liquid cenuihs alcohol, bm no mannite. The inactivity of 
crushed yeast is due, not to the destruction of the feugi. bat to the chemical ohanges 
which are induced in yeact during the considerable time necessary fer complete coiii- 
minntion. The erusliM oella, introduced into sugar water, give rice to the produc- 
tion of lactic aeid, without evolution of gas/* Schmidt is of opinion that fermentation 
is a process analogous to the formation of ether. He believos that one of the oon- 
stitnenls of yeast, together with the elements of grape sugar, gives rise to the forma- 
tion of one or several compouuds, nfaich are decomposed m skUa uosesati (like 
Bulpho vinio aeid), splitting into alcohol and carbonic acid. 

We believe that the preceding paragraphs feirlv represent the views which have been 
promulgated upon the phenomena of change, which arc in many respects analogous 
to tliobc of Combustion and of vitality, presented in the fermentative prooessos. 
Much has been done, but there are still some points which demand the careful at- 
tention of the chemist 

In a practical point *of view, the qnostion which arises from the alteration in the 
spo^ ific gravity of the fluid by fermentation is a very important one, a knowledge 
of the oi iginal gravity of beer being required to fix the drawback allowed upon 
bver when exported, according to the terms of 10 Viet c. 5. Hy this act a drawback 
is granted of 5«. per barrel of thirty -six gallons, upon beer exported, of which '*the 
worts used before ffrmfntation were not of less specific gravity than 1*054, and not 
greater specific gravity than 1*081,” and a drawback of 7s. Cd. per barrel upon beer 
of which **tlie worts used before fermentatton were not of less specific gravity than 
l‘()81.’* The brewer observes the original gravity of his yrorts by means of some 
form of the hydrometer, and preserves a record of his observation. The revenue 
olQccr has only the beer, from which he has to infer the original gravity. From 
the great uncertainty which appeared to attend this question, Professors Ora- 
h.iin, Hofmann, and Redwood were employed by the Board of Inland Revenue to 
discover how the original gravity of the beer mgiht be ascertained most accurately 
from the properties of the beer itself. When worts are fermeDted, the sugar passes 
into alcohol, and they lose in density, and assiiime as beer a diffiercDt speeiflo gravity 
The gravity of the wort is called the original gravity — that of the beer, beer gravity. 
The report of Graham, Hofinann, and Redwood, upon “original gravities,** may be 
supposed to be in the hands of every brewer ; but as some of the points examined 
materially explain many of the phenomena of vinous fermentation, we have trans- 
ferred a few paragraphs to our pam -*- 

“ As the alcohol of the beer is derived from the decompositioii of saeeharine 
matter only, and represents approximately double its weight of starch sugar, a 
speculative original gravity might be obtained by simply increasing the extract 
gravity of the Mer by that of the quantity of staroh ragar known to be decomposed 
in the fermentation. The inquiry would ttien reduce itrolf to the best means of asoer- 
taining the two experimental data, namely, the extract gravity and the proportion of 
alcohol in the becT, particularly of the latter. It would he reqalred to decide whether 
the alcohol should be determined from the mvity of the spirits distilled from the 
beer ; by the ioercased gruTity of the beer when its alcohol is evaporated off; by the 
boiling point of the beer, which is lower the larger the proportion of alcohol 
present; or by the refracting power of the beer upon light — variona nwchAds re- 
commended Ibr the valuation ofitba spirits in beer. 

** Original gravities so deduced, however, are feond to he nseleis* being in error 
and always under the truth, to an extent which has not hitherto been at all acconnted 
for. The theory of brewing, upon a dose examinstion of the process, proves to bo 
less ample thin ft implied in the preceding sasamption; and ocher chanm appear to 
occur in worts, simnitaneously with the (brmatioo of al^ol, which womd require to 
be allowed for befbre original gravities could be rightly estimated. It waa fotind 
neceamry to study the gravity in solution of eadi loj itself, of the prindpal, chemical 
snbstanosa whidi are fbund in fermented liqnida. These indiridoal gmvlllrs defined 
the posdble range of variation in original gravity, and they brought onl dmriy for 
the first time the nature of the agendec wUA chiefly alfeet the result 
** The nse of caiw sugar ia now pemltted in breweries, and the foloCioa U sngar 
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may be studied first as tho wort of simplest composition. The tables of the specific 
gr<ivity of sugar solutions, constructed by Mr. Bate, have been vcrific'd. and are con- 
sidered entirely trustworthy. The numbers in the first and third columns of Table I., 
will ell follows, are however, from new observations. It is to be remarked that these 
riiiiiihers have all reference to weights, and not to measures. A solution of cane 
sugar, which contains 25 grains of sii^r in 1000 grains of the fluid, has a specific 
gravity of lOlO'l. referred to the gravity of pnre water taken as 1000 ; a solution of 
:><) grains of cane sugar in 1000 grains of the fluid, a specific gravity of 1020*2. and 
so on. The proportion of carbon contained in the sugv is expressed in the second 
colomn; the numhers being obtained from tho calculation that 171 parts by weight 
of cane sugar (C*^11"0“) consist of 72 parts of carbon. 11 parts of hydrogen, and 
88 parts of oxygen ; or of 72 parts of carbon combined With 99 parts of elements 
of water. It is useful to keep thus in view the proportion of carbon in sugar so- 
lutions, as that element is not involved in several of the changes which precede or 
accompany the principal change which sugar undergoes during fermentation, and 
which chants only affect the proportion of the oxygen and hydrogen, or elements of 
watiT, combined with the carbon. The proporiioii of oxygen and hydrogen in the 
altered sugar increases or diminishes during the changes referred to ; but the carbon 
remains constant, and affords, therefore, a fi.\ed term in the comparison of different 
solutions. 

Taulb L — Specific gravity of solutiont of Cane-augar in water. 



** When yeast is added to the solution of cane sngar in water^iOr to any other sac- 
charine solution, and fermentation comraeneed, the specific ^tlty ia Observed to 
full, owing to the escape of carbonic acid gas, and the formation of alcohol, which 
is specifically lighter than water j 171 grains of sugar. togetht|fi^ with 9 grains of 
water, being converted into 92 grains of alcohol and 86 grains of carbonidFjicid 
‘O** + HO « 2CWO» + 4CO*). But if the process of fermentation be closely 
watched, the fall of gravity in oane sugar will be found to be preceded by a decided 
increase of gruvity. Soluncms wereob^rvedto rise flrom 1055 to 1058, or 3 degrees 
of gravity, within an hour after the addition of the yeast, the last being in the usual 
proportion for fermentation. When the yeast wy mixed in minute quantity only, 
such as ^ of tho weight of the sugar, the gravity of the sugar solution rose gri^ually 
in four days ftrom 1055 to 1057*91, or also nearly 3 degrees ; with no appearance, at 
the same time, of fermentation or ^ any other change in the solution. This remark- 
able increase of density ia owing to an alteration which takes place in the constitution 
of the cane sugar, whin combines with the elements of water and becomes starch 
sugar, a change which hid been already proved by H. Bose and by Dubrunfkut, to 
precede the vi^ps ftrmentation of cone sugar. The same conversion of cane sugar 
into itaro^u^f with increase of specific gravity, may be shown by means of amds 
08 well B^wyiisC* Aidlntion of 1000 parts of cane sugar in water, having the specific 
gravity 1054wi, heeame with I part of crystallised oxalic acid added to it 1054*7 *, 
and being afterwards heated ibr twenty-three honra to a temperature not exceeding 
128^ Fahr., it was found (when cooled) to have attained a gravity of 1057*63— an 
increase i^n of nearly 8^ of gravity.” 

The di&renoe between the gravities of solutions of cane sugar and starch sugar 
are of great practical value, bnt these must be studied in the ori^nal ; the result how- 
ever-being ** that the ori^nal gravity of a fermented liquid or beer must be different, 
according as it was derived from a wort cane sugar or of starch sngar.” 

The gravity of malt wort was determined to be mtermediate between that of pure 
cane sugar and starch sngar, and solatioiis containing an equal quantity of carbon ex- 
hibited the following gravities: — 

Cane sugar - 1072*^ Pale milt 1074*2 Starch sugar • 1076*0 
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Two other Bubstanecs were found to influence the original gravity of the wort: 
dextrin, or the gum of starcli, and caramel Tables are given of the specific 
gravities of these, from which the following results have been deduced : — < 

Starch sugar - - . 1076 

Dextrin - - - - 1066*9 

Caramel . - - - I0Q2*3 

Caramel is stitid to interfere more than dextrin in giwug lightness or apparent 
atteimatiuu to iermeiited worts, without n corti spun ding piodiiction of uliohol. 

** Another constituent of mult woit, which should not be omitted, is the soluble 
azotibedor albuminous princnple (U rived from the gru » The nitrogeu was deter- 
mined in a strong wort of pale mall with hujis, of the spiufle gravity 10^8, and con- 
taiuiiig al)Out 21 pur emt* of solid matter it uiuounUd lo 0*217 per cent, of the 
woit, and may Ik considered as representing 3 4‘J per cent, of albumen In ihe saim 
wort, afttT 111 mg liillv lerinenud, the nitrogen was found to amount toO Tu percent, 
e^iinalent to 2 11 pii cunt, of alhutiu n. The lobs observed of nitrogen and albumen 
iiit\ K coiisiderod prmeipallj dm the prodiietion and giowtb of \eaM, whieh is 
u'l nisoliihle mattei, at the cost of tin* boiuhle nlhuniiiious mutter Ho’liit ons of egg- 
ullniim li in water, contuinmg 3*43 .ind 2 11 pir ccut. respectively of that suhstame, 
weruloiindto liave the specific gravit*es ol 1004*2 and 1003*1. Ilcnec a loss of 
denm*v his occiir»*Ld during fermentation of 1*1 degree on a wort of 1088 original 
gra'*M, which « a ’*c refened to a diaugi in the proportion of alhuiuiiioub iiiaitcr. 
It will he observe 1 that the ]M>sviblc influence of this substance and ot the greater or 
lesb production of yeast during furmeuution, upon the gravity of beer, are restricted 
within narrow limits *’ 

The reporters* proceed — 

** 1’he process required for the determinition of the original gravity of beer, must 
be easy of execution, and occupy little tune. It is not proposed, in the (‘xamination 
of u sample, to separate by chemical analysis the several constitoenu which have 
been cnunierated. In fact, we arc practically limited to two experimental observa- 
tions on the beer, in addition to the determination of its specific gravity. 

** One of these is the observation of the amount of solid or extractive matter still 
remaining after fermentation, which is always more considerable in beer than in the 
completely fermented wash of spirits. A known measure of the beer might be evapo- 
rated to dryness, and the solid residue weighed, bat this would be a troublesome 
operation, and could not indeed be executed with great aecui^my. The same ob]i*ct 
may be attained with even a more serviceable expression for the result, by measuring 
exactly a certain quantity of the beer, such as four fluid ounces, and boiling it down 
to somewhat less than half its bulk in an open vessel, such as a glass flask, so as to 
drive off the whole alcohol. The liquid when cool is made up to four fluid ounces, 
or the original measure of the heer, and the specific gravity of this liquid is observed. 
It has already been referred to as to the extract gravity of the beet, and represents a 
portion of the original gravity. Of a beer of wbico the history was known, the original 
gravity of the malt wort was 1121, or 121^; the specific gravity of the beer itself 
befiire evaporation, 1043 ; and the extract gravity of the beer 10567, or 667^. 

** The second observation which can be made with sufficient facility upon the beer, 
is the determination of the quantity of alcohol contained in it. This information roqy 
be obtained most directly by submitting a known measure of the beer to distillation, 
continuing the ebullition till all tbp alcohol is brought over, and taking care to con- 
dense the latter without loss. It is found in practice that four ouno^measans of the 
heer form a convenient quantity for ^c puipoie. This qnantiw is accurately 
measured in a small glass flask, holding 1760 grains of water when fllUkl im to a nara 
in the nock. The mouth of the small retort containing the beef ii adaptea to one end 
of a glass tube-condenser, the other end being bent and drawn out for the porpose of 
delivering the condensed liquid into the small fla4k previously used ht meuinnng the 
beer. The spirituous distillate should then be made up with pure water to the 
origiual bulk of the beer, and. the ipecifle gravity of the hst liquid be obierxed by the 
weighing bottle, or by a delitete hydrometer, at the temperature of 60^ Fahr. llie 
lower the gravity the larger will be the proportion of aioohol, the exact amount of 
which may be learned by reference to the proper tables of the gravity of spirits. The 
spirit gravity of the beer already referred to proved to be 985*25 ; or it was 14*05^ 
of gravity less than 1000, or water. The * spirit indication ’ of the beer was therok 
fore 14*05^ I and the extract grayity of the same beer 56*7^. 

** The ivirit indication and extract grayity of any beer bebg giyen, do we posses! 
data suflkieat to enable os to determine with certainty ihe original graVily 7 It 
has already been made evident that these data do not supply all the Ihctan aeoesaort 
for reacibmg the required number by calculation. 
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** Till* fomifttioD of the extractive matter, which chiefly distorbs the original 
gravity, increasea with the progreab of the fermentation ; that is, with tlic proportion 
of nicotiol in the fermenting liquor. But we cannot predicate from theory any 
ri'laiion which the formation of one of thcM aubstancea should bear to the formation 
ol the other, and arc nnabic, therefore, to aay beforehand that bw>cause bo much 
hiigar has been conrerted into alcohol in the fermentation, therefore bo much Bugar 
has also been converted into the extractive substance. That a uniform, or neatly 
uniform relation, however, ib preserved in the formation of the spiriib and oxtiai live 
Biibitancc in beer brewing, apfieara to be eBtabhshed by the obaervutiouB which 
follow. Such an uniformity in the results of the vinous fermentation is an essential 
condition for the succcas of any method whatever of determining original gravities, at 
least within the range of circumstances which affect beer brewing. Otherwise two 
fermented liquids of this class, which agree in giving both the same spirit indication 
and the same extractive gravity, may have liad diflcrent original griiviticB, and the 
•olutlou of our problem becomes impossible.** 

The following table, one of seven! of equal value, gives the results of a particular 
fermentation of cane sugar. ** Fifteen and a half pounds of refined sugar were dis- 
solved in 10 gallons of water, making 10{ gallons of solution, of which the sjieciflc 
gnvity was 105S*3 at 60^ ; and after adding three fluid pounds of fresh porter yeast, 
the specific gravity was 1063*95. The oi^nal gnvity may bo taken as 10.}5'3 
(6fl-3®). 


Table II. — Fermentation Sugar^Wori of original gtavity 105.5*3. 


1. 

NumlMr of 
Obaorration. 

rerM of 
FonnriiUtion. 

III. 

Deirrer* of 3i>irU 
Indication. 

IV 

Deerrea of Extract 
CfAvity, 

V. 

Depreea of Extract 
Gra\U 3 Iwa/. 

1 

Daya 

0 

Houra. 

0 

0 

5.')*30 

0* 

3 

0 

6 

1*59 

52*12 

3*18 

3 

0 

13 

2*,'i7 

47*82 

7*48 

4 

0 

19 

3*60 

43 62 

11*68 

6 

0 

83 

4*33 

40*13 

15*17 

6 

1 

5 

5*31 

35 50 

19*80 

7 

1 

13 

6*26 

31*39 

23 91 

8 

1 

19 

7*12 


27*67 

9 

8 

U 

8*59 


35*04 

10 

8 

11 

9 87 


41*90 

11 

6 

12 

10*97 

HE 3^1 

47*70 

18 

6 

12 

11*27 

1 4*15 

51*15 


** Columns lu. and V. res|)ectively exhibit the spirit which has been produced, ond 
the solid matter which has disopimred ; the first in the form of the gravity of tlie 
spirit, expressed by the number of degrees it is lighter than water, or under lOOO, 
and the second by the fall in gnvity of the solution of the solid matter remaining 
below the originu gravity 1055*8. Tbit last value will be spoken of as * degrees of 
gnvity lost *, it is always obtained by subtracting the extract gnvity (column iv.) 
flrom Uie known original gnvit;|r. To discover whether the progress of fermentation 
has the regularity aseribA to it, it was necessary to observe whether the same re- 
lation always holds between the columns of 'degrees of spirit indication * and * de- 
grees of gnvity lost* It was usefiil, with this view, to find what degrees lost 
oorresponded to whole numbers of degrees of spirit indication. This can be done 
safely ftom the preceding table, by inteipolation, where the numbers observed follow 
cadi other so o|||ely. The corresponding degrees of spirit indication and of gravity 
lost, as thejj||u|ihrin this experiment upon the fermentation of sugar, are as follows:— 


Tablb ttl. — Fermeiitolton of Svgar^Wori tf original gravity 1055*3. 


DamM of Spirit 
Indlcatloa. 

lOeiTeeB of Extraet 
Gravity lott. 

Gosreea of Spirit 
IndtcBtlon, 

Degraea of Extract 
Grarlty loit. 

1 

1*71 

7 

27*01 

• 3 

4*74 

8 

31*87 

3 

0*86 

0 

37*18 

4 

18*48 

10 

48*55 

5 

18*30 

11 

47*88 

0 

88*64 
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“ Id two other fcrinentHtiuns of cane sugar, the degrees of gravity lost, found to 
correspond to the degrees of spirit indicutioii, never differed fVom the numbers of the 
preceding experiment, or from one aiiothe:, more than 0 9° of gravity lost This is a 
suffi'Mently close approximation. 

** The following tabic is of much importance : 


Tablk IV.— Starch-Sugar. 

DegteCM of Sjnut Indtcatiun^ with mrresjtmdmij dtyiees of gttn tg lo»t 


I)« thf d^greri of irrarlti loit rorrosponding to whole dsgTMV of fplrll ImlU umn, ilm of 

pni\lti li»»i corrckiKnidiim to lentliH < I s dc/ret* of »pl«ll umI f ntum an uittlnl Irom mlc iiUiion 


1 ‘Krvi s of 
Sjiirti 
Htiiut* ni 

■0 

•1 

•2 

1 

■3 

•4 

•5 

‘6 

•7 

b 

•9 

0 


•2 

•3 

-6 

•7 

-9 

1-0 

1*9 

1-4 

1-6 

1 

1-9 

2-1 

2-4 

2-7 

8-0 

3-8 

36 

Ka 

4*2 


2 

60 

6-4 

6-8 

6-2 

6 6 

7-0 

7-5 


8-5 

9*0 

3 

9-6 

Kfl 

10-3 

l»-7 

11-2 

11-6 

12-0 

rnTzm 

12*8 

ia-8 

4 

n-8 

14-2 

14 6 

15-0 

16*5 

16-9 

16-3 

Ba 

172 

17-7 

5 

18-3 

18-7 

19-1 

19-5 

19 9 

20-3 

WmW 

Ki3 

21-7 

22-2 

6 

22*7 

231 

28-6 

23 9 

24-4 

24-7 

25*2 

26-6 

26-1 

26-6 

7 

27-1 

27-6 

28-1 

28 6 

29-1 

29-6 

30-0 

80*5 

31-0 

31-.5 

B 

89-0 

82-6 

IKl&l 

83-6 

84-0 

84*5 

.35-0 

86-6 

36 0 

36-6 

0 

37 2 

37-7 

38-2 

38-7 

89-2 

89-7 

40-8 

4U‘B 

418 

41 8 

10 

11 

42-4 

47*7 

42-9 

43-4 

44-0 

44-6 

46-0 

46*6 

46-1 

16-6 

47-2 


** It is seen from this tabic that for 5° of spirit indication, the corresponding de- 
grees of gravity lost are 18*3^. For 5*9^ of spirit indication, the corresponding de- 
grees of gravity lost are 29 2^, 

This table is capable of a valuable application, for the sake of which it was con- 
structed. By means of it, the unknown original gravity of a fermented liquid or 
beer from cane sugar may he discovered, provided the spirit indication and extract 
gravity of the beer are observed. Opposite to the spirit indication of the beer in the 
table, we find the corresponding de^^^s of gravity lost, which last, added to the 
extract graviu of the beer, gives its original gravity. 

“Suppose the sugar beer exhibited an extract gravity of 7*9^ (1007'9), and spirit 
indication of IP. The latter marks, according to the table, 47*7^ of gravity lost, 
which added to the observed extract gravity, 7*9®, gives 65*6® of original gravity for 
the beer (1055-6).” 

Similar tables are constructed for starch sugar, and for various worts with and 
without hops. 

After explaining many jpoints connected with the problem, as it presented itself 
under varied conditions as it respected the original worts, the Report proceeds : — 

“ The obijcot is still to obtain the spirit indication of the beer, l^e speeiftc gravity 
of the beer is first observed by means of the hydrometer or weighing bottle. The 
extract gravity of the beer is next observed as in the former method ; but the beer 
for this purpose may be boiled m an open glass flask till the spirits are gone, as the 
new process does not require the spirits to be collected. The spiritlesi liquid remain- 
ing is then made up to the original vidurne of the beer as before. By losing its spirits, 
the beer of course idways iucreases in gravity, and the more so the lieher in alcohol 
the beer has been. Tbe difference between the two gravities is the new spirit indi- 
cstion, and is obtiuned b^ subtracting the beer gravity fhim catraet gravity# 
which last is always ihe higher number. 

“ Tbe data in a particular beer were m follows; — 

j 

Bxtraet gravity . • . • 1044-7 

Beer gravity 1085 1 

Spirit indication - - • - 0-6^ 

** Vow the same beer gave by distillation, or tbe former method, a ^IrU ind icst l off 
nf 9*9®. The new spirit indication by evaporation is, therefore, leu Iv 0*3^ *h fn 
tbe old indication by distillation. The means were obtained of eouparaig the two 
iodieations gim by the same femwiited wort or beer in several himdM oaau, by 
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ii\ln|)tiiig thf practice of bollioff the beer in a retort, instead of an open flask or 
buNin, and coiU*ctiiig the aloohol at the same time. The eTaporation uniformly Indi- 
e ited a quantity of spirits iu Uie beer nearly the same as was obtained by distillation, 
lint always sensibly less, as in the preceding instance. These experiments being 
III ule upon fermented liquids of known original mvity, the relation could always be 
oliservi'd between the new spirit indication and too degrees of specific gravity lost by 
flic beer. Tables of the degrees of spirit indication, with their corresponding degrees 
of gravity lost, wore thus constructed, exactly in the same manner as the tablesAvhich 
jiucede; and these new tables may be applie<l in Uie same way to ascertain the 
original gravity of any specimen of beer. Having found the degrees of spirit iiidi- 
on^um of the beer by eva|>oration, tbe corresponding degrees of gravity lost are taken 
iroiii tlio table, and adding these degrees to the extract gravity of the beer, also ob- 
siTved, the original gravity is found. Thus the spirit indication (by the evaporation 
metliod) of the beer lately referred to, was 9*6°, which mark 43^ of gravity lost in tbu 
iii'w tables. Adding these to 10447, the extract gravity of the same beer, 1037*7 is 
olitiiined aa the original gravity of the beer." 

The reaults of the extensive scries of experiments made, were, that the problem 
could bo solved in the two extreme conditions in which they have only to deal w itli 
the pure sugars entirely converted into alcohol. 

The real difiiculty is with the iutennediate eondition, which is also the most fre- 
quent one, where the solid matter of the beer is partly starch sugar and ]mrtl} e\- 
tractive) for no accurate chemical moans arc known of separating these bubKiumcs, 
and so determining the quantity of each in the mixture. 

** Hut a remedy presented itself. Tbe fbniicutution of the beer was comp1et<‘d by 
the addition of yeast, and the constituents of the beer were thus reduced to ab'ohid 
aud extractive only, from which the original gravity, as is seen, con be calculated. 

** For this purpose a small but known measure of the beer, such aa four fluid 
ounces, was carefully deprived of spirits by distillation, in a glass retort. To the 
fluid, when cooled, a charge of fresh yeast, uinountingto 1.50 grains was added, and 
the mixture kept at 80^ for a period of sixteen hours. Care was taken to connect 
the retort, from the commencement, with a tube condenser, so that the alcoholic 
vapour which exhaled from the wash during fermentation should not lb lost When 
the fSermeiitatioD had entirely censed, hent was applied to the retort ft distil oil the 
aleuhol, which was collected in a cooled reociver. About tbrec-fifths of the liquid 
were distilled over for this purpose ; ond the volume of the distillate was then made 
up with water to the origitiiil volume of the beer. The specific giavity of the lost 
auirituouN liquid w*tts now taken hy the weighing bottle. 'Po obtain a correction for 
the small quantity of olcobol unavoidably lutrt^uced by the veast, a parallel expe- 
riment was made with that substance. The same weight of yeast was mixed with 
woter, and distilled in another similar retort. The volume of this second distillate 
was also made up b} water to the beer volume ; its specific gravity observed, and de- 
ducted from that of the preceding spirituous liquid. This alcohol was added to that 
obtained in the first distillation of tbe beer, and the weight of starch sugar cor- 
responding to the whole aiiiouiit of alcohol was calculated. This was the first result 
** For tlie solid matter of the beer : the spiritless liquid remaining in the retort was 
made up with water to the beer volume, and the ijlecifto gra\ity observed. A 
correction was also required here for the yeast which is obtained by making up the 
water and yeast distilled in tbe second retort to th | original volume of the beer, and 
deducting the gravity of this fluid from tiie other, ^e quantity of starch sugar cor- 
responding to this corrected gravity of the extHtetire matter was now fhmished by 
the table. This was the sectm result. . 

** The two quantities of starch sugar obtained were added together. The 
specific gravity of the eolation of the whoie amount of starch sugar, os found in the 
table, represent the original gravity of the beer, 

** This msHpl must give an original gravity slightly higher than the truth, owing 
to the circnwimce that the dextrin, albumen, and salts, which are found among the 
solid matters dissolved in beer, are treated as having the low gravity of extractive 
matter, and accordingly amplified by about one-sixth, like that substance, in allowing 
for them nltimately as starch Sugar. The error A’om this source, however, is incon- 
h derable. It is to be further observed, that the error from imperfect manipulation, 
of which there is most risk in the process, is leaving a little sugar in the extractive 
matter .from incomplete fermentatiota. This accident also increases the original 

^ deduced. The process has given results which are remarkably uniform, and 
iblo in the scientific investigation of the sulject, although not of that ready imfl 
easy execution which is necessary for ordinary practice, and which recommend the 
former method.** 



FERRIC ACID. 


281 


Table V. ^ To be used in uoertaining Originnl OrnTitics by tbo Distillntion 

ProceM. 

JJeffreeM qf Spirit Jndicaium mtk eorrenponding degrtM of yravAy bit in Malt Worts. 


uf 

Siilrit 

Indication. 

*0 

•1 

•2 

•3 

•4 

•6 

*6 

•7 

i 

■ 



•2 

•6 

•0 

1*2 

1*5 

1*6 

21 


m\ 

1 

30 

3 3 

37 

4*1 

4*4 

4 8 

5*1 

5*5 

6*9 

6*2 

2 

66 

70 

7-4 

7 *fl 

8*2 

8*6 

9*0 

9*4 

9*8 

10*2 

.3 

107 

111 

11*5 

12*0 

12*4 

12 9 

15*3 

13*8 

14*2 

14*7 

4 

151 

15*6 

16*0 

16*4 

16.8 

17*3 

177 

18*2 

18*6 

19*1 

b 

19 5 

19-0 

20*4 


21*8 

21*8 

22*2 

22*7 

23*1 

ElO 

6 

241 

24*6 

kMiI 

25*5 

26*0 

26*4 

26*9 

27*4 

27*8 

28 3 

7 

2 H-K 

29*2 

29*7 

30*2 

30*7 

. 31*2 

317 

32*2 

327 

3 . 3*2 

8 

337 

34'.3 

34*8 

35 4 

35*9 


37*0 

. 37*5 

38*0 

. 38*6 

9 

39 1 

397 

IKiil 

40*7 

41*2 

41*7 

42*2 

427 

43*2 

4.3 7 

10 

44’2 

447 

46*1 

4 V 0 

46*0 

46*5 

47*0 

47*5 

48*0 

48*.3 

11 

490 

40*6 

60*1 

50*6 

61*2 

61*7 

62*2 

527 

53-3 

5 . 3*8 

12 

54-3 

64*9 

55*4 

55*9 

56*4 

56*9 

57*4 

67*9 

58*4 

68*9 

13 

59-4 

60*0 

60*5 

61*1 

■30 

62*2 

62*7 

63*3 

63*8 

61-.3 

14 

15 

1 

64*8 

7 ()*j 

65*4 

65*9 

66*5 

67*1 

67*6 

68*2 

68*7 

69*3 

69*9 


Table VL — To bo need in ascertaining Original Gravities by the Evaporation 

Process 


Ihgreta of Spirit Indication with eorreapmding degreea of gravity hat in Malt Worta. 


l)(|irs<>« uf 
.Spirit 
Indication. 

*0 

B 

*2 

*3 

•4 

*6 

•6 

•7 

•8 

•9 

HRfl 


•3 

■1 

1*0 

1*4 

17 

2*1 

2*4 

2*8 

.*) 1 


3*5 

3*8 

Hi 

4'6 

m a 

5*4 

5*8 

6*2 

6*6 

7*0 


7*4 

7*8 

8*2 

8*7 

m 1 

9*5 

9*9 

10 3 

107 

111 


11*5 

11*9 

12*4 

12*8 

Mh 1 

13*6 

14*0 

14*4 

14*8 

15*.3 


15*8 

16*2 

16*6 

17*0 

BE 3 

17*9 

18*4 

18*8 

19*3 

19*8 


20*.3 

20*7 

21*2 

21*6 

22*1 

22*5 

23*0 

23*4 

23*9 

24*3 

6 

24*8 

2 . 5*2 

25*6 

26*1 

26*6 

27*0 

27*5 

28 0 

28*5 

29 0 

7 

29*5 

30*0 

30*4 

30*9 1 

31*3 

31*8 

32*3 

83*8 

33*3 

33*8 

8 

34*3 

34*9 

35*6 

36*0 

36*6 

87*1 

37*7 

38*3 1 

38*8 

39*4 


El 3 

40*5 

41*0 

41*5 

42*0 

42*6 

430 

43*5 j 

44*0 

44*4 


El 3 

45*4 

46*0 

46*5 

47*1 

47*6 

48*2 1 

487 1 

49*3 

49*8 


■i ■ 3 

60*9 

51*4 

51*9 

52*5 

53*0 

63*5 

54*0 

54*5 

55*0 


B: 3 

. 56*2 

567 

67*3 

67*8 

58*3 

68*9 

59*4 

69*9 

60*5 


61*0 

61*6 

62 1 

62*7 

63*2 

68*8 

64*3 

64*9 

65*4 

66*0 

B 

mm 

67*0 

67 6 

68*1 

637 

69*2 

69*8 

70*4 

70*9 

71*4 


FERMENTATION PANARY. See Bbbail 

FERRIC ACID. (FeCP.) This new oompound having been nresoribed as a 
source of supplying oxygen to persons confined in diving-bells and in mines, by 
M Piiyeme, claims notice in a practical work, Bl Fremy is the discoverer of this 
acid, which he obtains in the state of ferrate of potash, by projecting 10 parts dry 
nitre in powder upon 5 parts of iron filings, ignited in a crncible i when a reddish 
n.a'W. containing much ferrate of potash, is formed. The preparation succeeds best 
when a large crucible, capable of holding aboot a pint of water, is heated so strongly 
that the bottom and a couple of inches above it, appear ihintly, but distinctly red, in 
which state the heat is still adequate to effect due deflagration withont decomposition. 
An intimate mixture of about 200 grains oi dried nitre with about one-half its weight 
of the finest iron filinn. is to be thmwnat once n|>ou the side of the crucible. l%e 
mixtnre will soon sww and deflagrate. The crucible being taken from the fire, and 
the ignited mass boing cooled, is to be taken out with an iron spoon, ponnded, and 
iuini«*diately put into a bottle, and excluded from tbc air, from which it would spe^ily 
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attract mciatare, and be deoompoeed. It ia resolved by the action of irater, espe- 
cialiy witb brat, into oxygen gas, peroxide, and nitrate of iron. This acid baa not 
been obtained in a free state t It appears Indeed to beseareely capable of existing alone, 
decomposing, as soon as liberated, into oxygen and flarrle oxide. — GraAaai. 

Mr. J. D. Smith prepares the ferrate of potash by exposing to a fell red heat a mix- 
ture of flnelv powered peroxide of Iron vith four times its weight of dry nitre. It 
has an amethyst hue, but so deep as to appear black, except at the edges. Oxygen is 
rapidly evolved by the action of the sulpharic or nitric acid upon its solution. Hu 
considers the atom of iron to exist in this eomponnd associated with 3 atoms of 
oxygen, or double the proMrtion of that in the rra oxide. Hence 38 gyiws of pure 
ferric acid should give off 18 grains of oxygen, equal to about 33 cubTo inches ; but 
how much of the ferrate of potash may be requisite to produce a like quantity of oxygen 
cannot be stated, from the uncertainty of the operation by which it is produced. 

FERIIOCYANIDES. The compounds of the radical ferroeyanogen. The latter 
radical is bibasic, when, therefore, it combines with hydrogen to form ferrocyanic 
acid, it takes up two atoms. These two atoms of hydrogen can be replaced by 
metals as in ferrooyanide of potassium or pnissiate of potash, os it is commonly called. 
Sue PRUSBIATB or PoTiBH. Ferrocynoogen consists of C*K*Fe, which may also be 
written Cy'Fe, or, for brevity's sake, Cfy. 

The m^es of preparing the ferrooyanides differ, according as tbe resulting sub- 
stance is soluble or insoluble in water. Tbe soluble salts, such as those with alkalies, 
are prepared either by neutralising hydroferrocyanio acid with the proper metallic 
oxide, or by boiling prussian blue with the oxide, the metal of which it is intended to 
combine with tbe ferrocyangen. Other methods may also be adopted in special cases. 
The processes for preparing the feirocyanides of tbe alkali metals on the large scale 
will be described in the article Prdssiaie of Potash. 

When the ferrocyanide is insoluble in water, it may be prepared by precipitating 
a salt of the metal with ferrocyanide of potassium. Thus, m the preparation of the 
reddish or purple ferrocyanide of copper, 

2(Cu0,80’) + K*Cfy *Cu*Cfy + 2(KO,SO’). 

The above equation written in fell becomes 

2(0u0,80>) + K«C«N*Fe - Cu*C«N«Fe + 2(KO,SO’). * ‘ 

Ferrooyanide of potassium is much used as a test for various metals, in consequence 
of the characteristic colours of the precipitates formed with many of them. The prin- 
cipal forrocyanides with their colours and modes of preparation will be found in the 
following list : — 

Ferrocyanide of alummiumr—An instable compound formed by digesting hydrate of 
alumina with ferroprussio acid. 

Ferroeyanidee qf antimony and areenie, — Neither of these salts are known in a state 
of purity. 

Ferrocyanide (^3aniisi. — This salt may be prepared by boiling prussian blue in 
•light excess with baryta water and evaporating to crystallisation. 

Ferrocyanide qf bismoA^ — When a solution of ferrocyanide of potassium is added 
to a solution of a salt of bismuth, a yellow precipitate is obtained. It becomes of a 
greenish tint on keeping for some time. 

Ferrocyanide of cadmium may be attraed as a white precipitate on adding a solution 
of ferrocyanide of potassium to a soluble salt of cadmium. 

Ferrocyanide qf calcium may be prepared in the same manner as that of barium, 
but, owing to the sparing lofability of lime in water, we must substitute cream of 
lime for baryta water. 

Ferroostanide of cerium is a white salt only slightly soluble in water. Its properties 
are very imperfectly known. 

Ferro^nide of cAnsmiimi.— The protochloride of chromium gives a yellow pre- 
cipitate intlAmcyaiude of potassium. 

FerroefafSmeqf cobalt — Salts of cobalt give a jiale blue precipitate with ferrocyanide 
of potassium. It appears to decompose on keepmg, as its ecdour becomes altered. 

Farrocyanide o/eepper, — When ferrocyanide of potassium is added to a solution of 
Bubchloride of copper, a white precipitate appears, which, on exposure, becomes con- 
verted into a purplish red substanoe, apparently identioal with the ordinary ferro- 
cyanide of copper which fells down on the immixture of salts of the protoxide of 
copper yith soiutioni of ferrocyanide of potassinm. 

Ferrocyanide ofgluoinum may be obtained, according to Berseliui, nnder the ferm 
of an amorphous varnish, by decomposing Iterooyanide of lead with a sdution of sub- 
Sulphate of glncina. 

Ferrocyanide of hydrogen constitutes ferr^nssio acid. 

Ferrocyanide of iron, or pruetian blue, llkis salt exists in several eonditioni^ so* 
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eordhig to the mode of prepirttion. The ordimiy lalt ii Ihrmid ^ adding a folution 
of fBrrocyenide of potaoriiim to a eolatioii of a peraalt of iran. 11 m fbUoiring equa- 
tion explaina the reaction that ciuuee with the aeaquiehloride : — 

8(FeK;i’) + a(CfyK*-B(OHrFe«) + 6ECL 

FerroejfanvU of lead ia proenied at a white prceipitate hj adding a adntion of 
ferroeyanide of potaasiiun to a lalt of lead. 

Ferracjfanide of mcpnectum U probably beet prepared by neotralliiBg fttroproMio 
acid with magneeia or ita carbonate* It fbrma a pale vellow aalt 
Ferrocyaniae qf maNpaiwac mav be obUdnediaa mte pneipitite, oa adding fhrro- 
ryanide of potassium to a aohitloii of pare pioCockloride or protoittlphato of man- 
ganeae. 

Ferrocj/amde ofmeremy. — Tbia oomponud eannot be nbtiniifd in a ftata of parity 
by precipitation It has not been anffidently examined. 

remKjfantdee of meijfbdenum, — Molybdoua aaliB giTt, with ferroeyanide of po- 
t.ihsium, a daih brown precipitate soluble in excess of the precipitant 
Ft rrotjfantde of nuskA is obtained under the form of a pale apple gieen preoipitate, 
on addition of prusaiate of potash to a salt of niokel 
Ferroeyamik qf ft/ver.— Feiroeyanide of potaaaium gives a white precipitate with 
(•ilver sans 

Fetroesfamde ifeodtum may be formed by the aetlon of canstie soda on pmssian blue. 
Ferrotytmuit If etrmtttm can be proenrsd predaely in the same manner as the 
(orresponding barium salt 

Ferroeyanide qf tantalum has probably never been obtained pnrs. Wollaston found 
tlmt taiitalic acid (dissolved in binoxalate of potash) gave a yellow precipitate with 
jiriissiate of potash. o .r r r- 

Ferroeyanide of tAorivm.— A white precipitate ia produced by the action of solution 
of pi^iate of p^ash on salts of thorium. 

Ferrocyamde qf tin.— 1*urc salts of tin, whether of the per- or piot^ozide, give 
white precipitates with ferroeyanide of potassium. 

Ferrocyanidee of tiOiniufii.— Solutions of titanates give a golden brown precipitate 
M hen treated with solution of ferroeyanide of potassium. 

Ferrocyantdea of tiraniim.— The protochlorido gives a pale, and the perehloiide 
a dark radish brown precipitate with ferroeyanide of potasaium. 

Fetrocyamde of vanadium.^- Salts of vanadic oxide pve pale yellow, and of vanadio 
acid, rich green precipitates with pmssiate of potash. 

Ferroeyanide of xinc cannot be prepared by precipitation. It mav be obtained in 
the form of a white powder by the action of oxide or carbonate of sine on ferro- 
prussic acid. C G. W. Watts* ** Dictionary of Chemistry.** 

FERROCYAKOOEN, a compound radical in whibh the metallic iron is an im- 
portant constituent See previous article, and Watts* ** Dietionaxy of Chemistry.** 
FEVERFEW. The popular name at the Ihfredintm Fiarmeninmp much used 
amongst the peasantry as a remedy for fevers, it contains some tannic acid, and 
hos been employed in Germany in tannlim and currying leathsr. The i)frethrum 
offieianaBe ia the Pelletory of Spain. See Ptbbtbkuii. 

FIBRES, or FIBROUS BODIES. From time to time numerous grasses^ flbroni 
barks, and other substances of a similar character, have been introduced into com- 
merce; a few of these only have been found uvaUable for manufectnre. It is, however 
deemed of interest to describe briefly some of these. Home of the more important 
vegetable fibres will be fully noticed under their respective heads. (See Coin, Flax 
Hkmp, &c.) ’ 

f *AiMa GVom. — This fibre is obtained from Urtiea uiiiec, whioh grows abundantlv 
in China, and in various parts of our Indian empire. The samples which have been 
imported are principally obtained from Canton and Hong-Kong. In 1649. Mewsiw 
Wright and Co. obtained a patent for tbe preparation of this fiW Their nroceas 
constated eiaentially of bailing the sterna in an alkaline solntion, after they M been 
previously steeped for hours in cold water, and fer 24 honra in water at WF Fahr 
The fibre is then thoroughly washed with pure water, and finally subieeled to the 
acUoD of a current of high pressure steam till nearly dry. 

CaUooeeBemp or llfea. — This fibre ia nanally confounded with China gtaas t bnL 
there is little doubt they are obtained fWim two different kinds of uittca. The China 
grass feom the rriioamMa of Willdenhow; theCallooee Hemp, ZcHioi, at Jtan^ 
Sumatrai and the Bkea ftrom the UrUca tenaeieeima of Boxhniwh^ Xbe plaiit 
dneing the Gallooee hemp^ wae introduced feom B^^ocoolen to Caleuttafa IfSa wImmu 
undM the care of Dr. Roxburgh, it was Ibr many years enltivated in the 

Oaideiia. lx IBU, a quantity of the Callooee hemp was imported into EiuriiuTS 

properfy tested t ite pnotieal value was thought so highly oi; that the BaSSriof Arm 
awaidd 6 sfiver medal to Capt James Cotton, of the But India mhoZ 
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tfodieed it “ The obtef otMUcle which interfered, hoirerer, with iti nee, wfti the 
dMIcolIj which was found to exist in the preparation of the fibre from the stems of 
tne plants i none of the processes usually adopted with fiax or hemp were found to 
he at all suitable to them ; and the rude, wasteful, and imneribet means employed by 
the notives in preparing the fibre for the manuflusture of twine, thread, and flsiiing 
nets, by the mere prooenkof scraping, were wholly inapplicable on a large scale, 
and gave besides only a Tcrv inferior result. When macerated or retted in water, it 
was found that the fibre itself was more easily destroyed than the glutinous matter of 
tlio stem. During the last forty years, Tarions attempt haye been made to devise a 
g<KKl and cheap process for preparing this fibre, but hitherto without much succesn } 
and consequently, till quite recently, the cost of the fibre was such as to preclude its 
l>cing brought into the market as a substitute for flax« But recent investigations have 
shown that the f/rtiea tenacMma and the heterophyUa may be obtained in almost un- 
limited quantities in various parti of India; and a process which has been lately 
INitented appears, to a very great extent, to have removed the practical difficulties 
wliicli previously stood in the way of its employment hy manufacturers; so that in a 
few years it is probable that tlie Callooee hemp will constitute an important addition to 
the nbroua materials employed in the arta.'*^ Juror's Report, Gteat Exhibiiumt 1851. 

NeU^horryN€itle(JJthca heterophyllaX — This nettle apMars to be remarkable hey cud 
all others for its stinging properties. It is abundant in Mysore, flourishing in Alpine 
junglba. ^ The Toduwars prepare the fibre of this plant hy boiling the stems in water, 
after which they readily separate it from the woody parts and then spin it into a 
coarse but very strong fibre. The Malays simply steep the stems in water for ten nr 
twelve days, after which they are so much softened that the outer fibrous portion is 
easily peeked off. 

Yercum Nor. — This is the native name of the fibres of the Cahtropia (^Aaclepiaa) 
wwntea, a plant which grows wild, abundantly, in various parts of the Bengal and 
Madras presidencies, and is used by the natives in the manufacture of cord called 
“ ZaiR^-dbre," or “ Tondee Coir" 

Aloe jfhre^ or iVar, the produce of the Agoet vivipara^ and other allied species. 
This is often called the Silk grasa fibre" 

Pine^apple fibre, sometimes called ** Ananaafiax," This has been prep#ed in Java, 
and at Travancore. Many fine specimens have been brought to tliis country. 

Plantain fibre, — In the Government estahlishments of €e> Ion this is extensively 
employed. Canvass and ropes are made of it It is obtained from the Mma Uxttiia. 
It is calculated that 8 cwt per acre of this excellent fibre might be obtained. 

Mabant 5arA. Employed at St Vincent’s in the mamtiheture of fishing netSi 
common cord, and coarse lines for fishing. 

New Orleana moaa (^Tillandaia uaneoidea), a substitute for horse hair as a stuffing 
material for upholsterers. Sometimes the fibrous husk of the Indian corn is used 
for the same purpose, but it is more brittle than the moss. 

Palm-trre fwre. These fibres are obtained from many varieties of the palm. 

Oraaa fibre. Many of the grasses are now being used in the manufacture of paper, 
and ibr other purposes. 

The following tables 1^ Dr. Roxburgh and Dr. Wright, afford much information 
ns to the relative strengths of different kinds of fibrous substances. The first table 
gives experiments made by Dr. Roxburgh in 1804| some of the fibres were, however, 
piobahly imperfectly prepared. 


Common Nsma 

Botanical Nama 

Breaking W'elght. 

1. Hemp (Engli*h) 

S, Mam (lillimm) 


Cannabie eativa 

Akctria nervosa 


lbs. 

105 

120 

S. Aloe ^ - 

• 


Agave Americana f • 


110 

4. ^00 

• 


Saguerua Rumpbii - 


96 

5. Doasha - 

- 


AEaehynomone cannabina - 


88 

6. Coir - • 

• 


Cocoa nuci/era 


87 

7. Hemp (Indian) 

8. Woolletcomal 

• 


Cannabie eativa 


74 

• 

• 

Abroma Augusta - 


74 

? - 

• 

m 

Banhinia * . i. 


69 

10. Suim 

• 


Crotolaria juncea • 


68 

11. Bunghi paat - 



CorchoruM clitorius - 


68 

12 . Ghu nala paat • 



„ eapnUaria 


67 

IS. ? - 

. 


Bibiacua mamhot « 


61 

14. Flax (Indian) • 

- 


Linum ueitatisaimum 


89 
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In 1806, Dr. Roxborgh made another •eneeofeiperuDebta» of which the following 
table gives the result * — 


Common Nuno. 

BoUniciil Miimo. 

Brosklng Welihi. 

1. Bowstring hemp - • 

2. Calloooe hemp 

8. ?- 

4. Sunn • . . • 

5. Ifemp (Indian) 

6. Doncha • . - - 

7. ?- - - - 

8. Mustapaat . • • 

9. Runghi paat . - - 

10. Plantain- - - - 

Aadfptaa • 

Urhea tenaeianmn - • - 

CitrekoruM eapzuiarif 
CMtdanajtmGttt - - - 

Ctfana6is t^va • . • 

ASuchjfnomcmt tannahina • 
Jhbiacua slides ... 

„ cannMaiu - 

Corchorm ciiformt « - • 

..... 

Ibk 

346 

340 

164 

160 

158 

138 

138 

115 

Its 

79 


Experiments were made not long since by Dr. Wright on aovontl well known voge- 
toble fibres when made into ropes. The following were the results : — 


Cummtn Mamc. 

Botsnicsl Name. 

Breaking Wi ight 

1. Yercum nar - - - 

Calotrapit giganita ... 

Ibi. 

552 

2. Janapuni ... 

Crotolana juncea . • • 

407 

3. Ottttbalay nar - - . 

Aqave Amertcana . . - 

362 

4. Cotton - - - - 

(wosagpium habtieeum • 

.346 

5 Maroot - - - - 

Satueviera zeglantea 

316 

6. Pooley inungu 

liibucUB cantiabinuz 

290 

7. Coir ... - 

Cocoa nuctjert$ ... 

224 


The defect of all these fibres is, os it regards their ose in weavine, that they break 
the knot, and in all weaving processes the fibres require frequent joining. 

FIBRE, VEGETABLE, called also Liominx (^Ltgneux, Fr. $ PjianzenfnHr$ioff^ 
Germ ) ; is the most abundant and ^ncral ingredient of plants, existing in all their 
parts, the root, the leaves, the stem, me flowers, and the fruit ; amounting in the com- 
iiuet wood to <)7 or 98 per cent It is obtained in a pure state bv treating saw-dust 
successively with hot alcohol, water, dilute muriatic acid, and weak potash lye, which 
dissolve, first, the resinous ; second, the extractive and saline matters t third, the car- 
bonate and phosphate of lime , and, lastly, any residuary substances. Ligneous 
fibres, such as sawdust, powder^ barks, straw, hemp, fiax, linen, and cotton cloth, 
are convertible by the action of strong anlphurio acid into a gummy subatance 
analogous to der/rtne, and a sugar reseml&g that of the grape. 

Much attention has, of late years, been directed to the conversion of vegetable fibre 
into paper. See Paper. 

FIBRIN (Eng. and Fr. ; Thierischzr Faserttoff, Germ.) eonstitutee the principal 
part of animal muscle ; it exists in the chyle, the blood, and may be regard^ as the 
most abundant constituent ot animal bodies. It may be obtain^ in a pure state bv 
agitating or beating new drawn blood with a bundle of twigs, when it will attach Itseu 
to them in long reddish filaments, which may be deprived of colour by working them 
with the hands onder a streamlet of cold water, and afterwards need fi'oin any 
adhering grease by digestion in alcohol or ether. 

Fibrin, thus obtained, is solid, white, flexible, sliabtly elastie, insipid, Inodotoos, 
denser than water, but containing 4 fifths of its weight of it, and witboit action on 
litmns. When dried, it becomes semi-transparent, yellowidi, stiff, and brittle : water 
restores its softness and flexibility. 100 pule of fibrin consist of 63*36 carto, 16*68 
oxygen, 7 08 hydrogen, and 19 81 aaote. Aa the baais of flesh, it is a very nutritioai 
sabstanee, and is essential to the sostenanee of oamivoroos animals. 

FIBRIN, VEGETABLE. Insclable vegetable albumen. See Watts* ** Dictkmary 
of Cbemistiy.** 

FIBROUS RESIDUE. iVsto Proewjbr zeparatifig Ae Animat frm ik$ Vegetahk 
/sprWteNte.->])lr. F. O. Ward was the exhibitor in 1863 of this process, r ‘ 
received the high ai^val of the Jury of Class II , to whose attention it vr 
dally directed. Bir. Ward hu bM amociated with Capudn Wyngnts in t 
out this interesting and nseftil discovery. These gentlemen placed in j 
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Dr. Hoftnaim a eonciia dwcription of tlieir proeeii vhleh we gire In Mr. Ward*f 
words*— 

^ Thera is a class of rags of intermediate cfasraoter, neither wholly composed of 
yegetal matter, nor exelusirely of animal origin. I allnda to the resfdne of fiibrics 
containing both these classes of materials interwoven. 

** Such are the rags of sO'Called union fkbrios, wool and cotton t of the silk and 
alpacas woven with a cotton warp ; and of the nnmerous varUtles if stnilli, mennos, 
&c , which are more and more extensively mann&ctnred every year. Subh also are 
tbc rags known technically as * seams $ * being the clfppinn which fall from woollen 
rags under the scissors of the sorters, who prepare them ror the machine by which 
they are tom into * rag- wool* These pieces are cut off and withheld from the tewing 
machine, precisely bmuse they have a sewing thread nmnioff along them, or por- 
tions of cotton lining adherent, or other vegeA admixture. In rags of this class, 
each of the materials present Interfbres with the nse, and diminishes the value, of the 
other. The paper-maker cannot advantageously work off the cotton because of the 
wool, which would sprinkle his sheets with coloured specks. The rag-wool manu- 
fiusturer, on the other hand, cannot advantageonsly convert the wool to his purpose 
because of the cotton, which would show amidst the wool when dyed, as filaments of 
paler hue. 

** To meet this difficulty two plana have been of late years proposed, viz., the dis> 
integration of the cotton by means of dilute acid, in order to the aoparate recovery of 
the wool I and the dissolution of the wool by means of eanstio alkali, in order to the 
separate recovery of the cotton. 

** Both these plans, it will be observed, involvo the sacrifice of one material for the 
recovery of the other ; for its recovciw in the case of the wool, much impaired in 
strength by aoidulation ; in the case of the cotton at a considerable expenditure upon 
the alkaline solvent. 

“ The process now under review was devised in the year 1857, with special refers 
enoe to this class of mixed rags ; as also to the unsortable rebiduum which remains 
under the name of * land rags^ after the sorting of a heap has been pushed as far as 
economically possible. The object kept in view was to tarn to account not one only, 
but both the classes, animal and ve^table, of intermingled ingredient! f and this 
result is accomplished by the new method without the aid of tho acid or alkaline 
disintegrants heretofore employed ; without, in fret, any chemical agency stronger 
or more costly than that of water, applied in the form of a high pressure steam 
atmosphere. This process is so extremely simple that its nature, and the mode of 
practising it, can be explained in half a dozen sentences. 

** The mixed rags, or other analogous mixed residue, are Introduced into an ordinary 
autoclave digester, and there kept for about three hours (more or less) surrounded 
with an atmosphere of steam heated to a pressure of from three to five atmospheres. 
The exact pressure and temperature reouisite vary with the materials under treatment ; 
wool requiring a higher temperature than leather, for example, and silk than wool. 
The materials condense a proportion of the steam and absorb its heat. The joint 
action of the moisture end best is to convert the animal matter into a friable sub- 
stance, whioh, however, still retains its original form and aspect Thus the wool of 
mixed rags retains after digestion the same fibrous appearance that it had before, 
though it cmmbles to powder when handled. It will be understood that ordinary 
crushing and beating machineiy readily reduces this brittle coal-like product to 
dust, and detaches it from the interwoven vegetable matter i which preserves its 
fibrosity unimpaired. The beater is provided with a sieve, which retains the ve- 
getable fibre, but suffers the animal dust to frll through. Ultimately the vegetable 
fibre is projected from the machine as a paper material ready for nse ; the animal 
dnst, meanwhile, being propelled by an Arohimedian screw, and raised by a 
Jacob's laddeijA it reaches the mouths of the sAoks soceessively placed for its 
reception. 

In (he details of this process, and in the fuel and labour saving arrangements Ibr 
diying the rags and hanming them in their passage through the several departments 
of the factory, there are peculiarities not beanng on the broad principles of the tfan, 
though essential to its snccessfhl prosecution. 8^ial preoantions of this kind, as 
they are learned, point by point, by costly mannfrctnring experience, cannot, with 
propriety, be divulged ; nor, indeed, would they interest any reader not speeiallj 
charged Tkith the conduct cif the Operation. 1 pass on, therefore, to a brief con- 
sideration of the products. 

** The fibrous product, or paper material, presents but few pecnliaritiee for notice. 
It consists principally of cotton, but nsnally contains also a percentage of ffax and 
hemp, which increase its tenacity and value. The fibre is, for the most part, set firee 
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In the fom of long psrallel threadi, the warp of the Ihbriee treated | bat it alao pre- 
lenu many ahreda of ordinary tag, portione, donbtleaa, of the ealicd with which the 
atnfi were lined. Aa the cotton warpa of onion ihhrlca are nanally dyed In that colooiii 
often black, and aa they are apt to retain a email percentage of the ahaied wool-dnat, they 
require to be boiled under somewhat higher pieasufe than oidinafy eelouiwd rugs | 
with which, in other reepecte they are pretty mueh on a par at paper aaateriaL Until 
the right preeanre fbr boiling them had been ataertained, it waa fond dittoalt to 
bleach them to perfect whiteneaa t and acme early fklluiea thaa oceaahmad» readered 
the material unpopular among paper mokm. NcTertheleaa, whan prepirly ma- 
nipulated, thia material producea eimellent white paper, as the aampleo enhlblted 
show. 

** The animal prodnet, being an entirely noeel article, tequirea particular attention. 
It iaanea fi’om the beating machine ns a dark-oohmred powder, intenningled with 
small lumps of the same substance, which Inmpe ere sifted ont and emshed. This 
powder, as practically produced, with the dust and grit of the rags In It. on 

an average, nearly 19 per cent of nitrogen; a propMem cofresaonding to 14*5 per 
cent, of emmottia. The nitrogen exists to a small extent as resey-formed ammonia 
held in combination with brown acids — uhnio and bumio^developed during the pro- 
cess, The bulk of the nitrogen, however, is present, not in the form of ammonia, 
hut ae a eonstitueni of the wool-product itself. This organic compound is parttoUy 
m luble, and more so as more moisture is tnpplied to the rags dating their digestion. 

ordinarily produced, it ia a mauure of highly ammonlferons power, the whole of 
Its nitrogen being liberated as ammonia, under the influenoee with which it meets in 
the soil. The rate of this development holds a happy medium between that of ordinary 
woollen rags, which are reckoned too * slow * a manure, and that of gnano, which is 
often as much too * sudden.’ The farmer desires an eqnable aa well as a copiona 
development of ammoniaeal plant food, whereof abrupt and superabundant supplies 
are apt, as he expresses it, to * burn * the roota | which have, moreover, subsiquently 
to endure privation of the very food thus worse than wasted. 

** The new manure may, I think, be regarded as being for plants wbat moderately 
cooked food is fbr snimals ; the artificial preparation beine, in both cases, carried 
just ftir cnongh to leave nature her appropriate share of toe work. As, however, 
wool, leather, hair, silk, and the like, are not rich in phosphatic salts, an admixture 
of these, whether in the form of bone ash, bone, or coprolitio superphosphate, Konria 
Moiiria guano, or toe like, improves the manure; producing, in &ct, a fertilising 
compost, which for general nse leaves nothing to oe desired. Of course, for soils 
specially deficient in any particular iogtedlen^ and for crops requiring a more than 
aveiage supply of some one element, special additions ore made to the manure; 
which become thus turnip manure, cereal manure, bean manure, &e., aa desired. 

“ Another property may also be mentioned here, as giving to this manniw, in one 
particular, a conaiderable advantage over guano. It is that whereas guano ia liable, 
while in store, to undergo spontaneous decomposition, whence arises the loss of much 
volatile alkali, the new wool-product, on toe contrary, manilhsts no sueh tendency, 
but remains perfectly stable at all ordinary temperatorei and in all atatei of the 
weather, en advantage which it doubtless owes to the high temperature at which it 
is made. This manure may therefore be warehoused for any tengto of tone, and 
during any climatic vicissitudes to which it may be exposed either et home or in 
tropical regiona. 

** Thu product if distinguished in commeree as ’ Ulmite of ^ 

which, though not perbapi strictly correct, lervee to indicate two of ita most notable 
constituents— acid and alkaline— In the oombinalion which toey really afiket 

** Its analysis, by Profossor Voeloker, of toe Royal Agrienlt^ College, Ctaen- 
ceater, Is sulfioined i — 


Moistnre 
Organic matter* 

Ammonia in state of ulmate • . • • 

Oxides of iron and alumina and phosphoric acid - 
Carbonate of lime •*•••. 

Alkalis and magnesia 

lusolnble ailicious matter • . . • • 


- 11*69 
• 78*89 

- 9*06 

- 9*6* 
. 

- 1*26 

- 6*47 

100*00 


e CootalQlne*.— 

NltMsta I0«4 

GormondtagtoammoBla IM 

Total quantoj of 
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•* The rthitive propoitioa of the mioariil tod dbroui prodoeu leioltinfc flrom the 
vorkinft of thli proem varleii. of coanc, vlih the netare of the nateriale treated. 
Home miied tUM are rich in eeitital, othen in BAhnal, fthre. Averaffe mixed roKi 
howevtT, contain theie ingre^llcota in |treny equal pro^rtlona | and in all cam the 
•um of the weiKhta of the two prodocta, flbruat and pulrerulent, equala the weight of 
the raw materiala triated, «o that the proem inrolrea no waate. 

** The pecuniary profit of the operation ia liable, of eourae. to Tary from time to 
time with the coat price of tlie raw material, and labour employed, a^ the aelling 
price of the produeta, at alto with the varying activity of tn^, and the intmalt of 
commercial deprmion. On tliia point it may aufiiec to obaerve that a proceaa 
founded on correct principlea, and yielding, under akilfhl condoct, good chemical 
rraiilta, ia gencmlly found to auecced alao, on the average, aa a commercial enterpriac, 
if it l»c aoundly and vigoroualy adminiatcred. The new manufacture ia carried on at 
large worka, built expreaaly for the purpoae on the left bank of the Tbamea, at Qraya, 
Kttex, where machinery, adequate to treat about 12 tona of ragap^ diem, baa btin 
fitted up. A large paper mill haa alao been erected on the oppoaite side of the ri^er, at 
DartfoM, to convert the fibrooa product into paper. The ulmatc is for the moat part 
fold to manure manufiicturera, who uac it as the nitrogenoua ingredient of their aeveml 
fertilising composts. It iSi therefore, employed by many fanners who are not aware 
tif the fact. 

** With reference to Che originatloo of this prooeas, the separability of animal from 
vegetal matters bv the {lecpliar means indieatiHl above, first occurred to the exhibitor 
and waa communicated by him to hia friend Captain Wynanta during the course of cx- 
perimenta carried on by them Jointly for the attainniont of a diflerent end, viz. the 
total reduction to manure of certain forma of waste. The modified design thus 
originated waa worked out by both conjointly ; and it is the wish of the associates 
that any credit which an indulgent appreciation mav connect with its succcaa should 
' be understood aa attaching equally to both. 'I'heir highest ambition as to this pro* 
ceM Will be satisfied should the means employed therein be reganlcd as simple ond 
cheamyat efficacious to their appointed end; that end being the recovery, from mixed 
fibrous residua, under somewhat difficult conditions, of unquestionably useful pio- 
dncK 

FICTILE MANUFACTURE. Sec Pottxrt, &o. 

FlcnS. The fig. The species of this genus are of considerable number, and all 
of them are inbulutants of warm countries. Most of the species yield a milky juice 
eontaiuini' eaoutchouc. The Ftcut elaniica is the indian-rubber bearing tree. The 
Firun the banyan tree ; the Ficus rcUgiosa^ the pippul tree or sacred fig of 

India ; the Ftcus sycamorts, an F^ptiaii tree, probably mo sycamore of the Hible { 
the Ftrus enrwat the common fig. 

FID. A lapennl wooden pin used by seamen in splicing large ropes. It also 
the name of an iron support passed throngh a hole in the heel of a mast 

FIDDLE 1IL0('K. A block shaped Tike a fiddle. It bos two aheavea, one over 
the other ; the lower one mialler than the upper. 

KIDDLE STRINGS. The oatgut cords otretehed across a violin ; fastened at the 
ends and raiseil by the bridge. See Cavovt. 

FIDDLE WOOD. A West Indian timber tree, the CitkarexylummoianocarJium, 
much used for mills, carriage- wheels, &o. 

FI (i- WORT. Senphutariarea. The fig-wort family form a natural order of 
dicotyledonous plants, the opecics belonging to which, are herbs, abounding most in 
tempi'iute climates, but also found both in tropical and arctic regions. The leaves 
are generally cxstipulate, or the stipules are very small. The juice of these plants 

n ws very varied properties. In some it is watery. In others, as Verbaseum^ it 
ucilaginottB. In the Verpnictf it is bitter, as it is also in Scrttphularia and some 
others. In^^ Petiiculari^ and GratwUs It is astringent; and in Digitalis it is 
highly nsrcMI. The genus Scrophnlaria Is the type, and eontains numerous species, 
about eighty-five having been described. They are principally natives of temperate 
oliinates, more especially In the Meditemnean region. 

nodosa may be teken as the type : a common plant on ditch sides, woods, and 
noist places Its root is swollen and knotty, and it was supposed to resemble 
Bcrofhlous tumours of the neck. As in former times it was pretty generally believed 
that nature thus pointed out the proper remedies for diflerent diseases, this plant was 
immediately supposed to possess great virtues in cases of scrofula, and was largely 
used for that purpoae externally. Henoe the name fitr the plant, which was after- 
wards adopted for that of the genus. At the present day it is said to be used on 
the oontinent, in fonn of an iofusion as a wash, in cases of itch. 5. ranintt, a 
native of Italy, is used in like manner as a cure for the mange in dogs. The 



FILE. 


289 


flowen of 5. nodata oontain gtntnWy m qoontfljr of hooey, ind are femarkably 
attractire in oonaequenoe to waapa and beta. **yiorea veaparum delieUa/ aaya 
Lionnna. 

FICTILE MANUFACTURE. See Fottut, &c. 

FILE (AiMf, Fr } Fmb, Germ.) is a well known sti^el InalrniDeot, haTing teeth 
opon the aurfaoe for cutting and abrading metal, ivory, wood, &e. 

When the teeth of thcee inKtrumcnta are formed by a straight sharp-edged ehiael, 
extending across the surlhee, they are properlv called tUs i hot when by a sharp- 
pointed tool, in the form of a triangular pi raniid, they are termed raaim 'I K« foi me r 
are used for ail the metals, as well u ivory, bone, horn, and wood \ the latter tor 
wood and horn. 

Files are divided into two varietiet, fVom the form of their teeth. W ben the teeth 
are a series of sharp edges, raised by the flat chia<l. appearing like parallel fhrrow*. 
either at right angles to the length of the flie, or in an obuqoo direotioa, they are 
termed «ta^ mr. Bnt when those teeth are crosartl by a second series of similar 
teeth, they sre said to bo Jaubtr cut. The first are fitted r brahS and ooiiper, and 
are found to answer better when the teeih run in an obiiqtie direction. The latter 
are suited for the harder metals, such os cast and wrought iron and sfetd. Such teeth 
present sharp angles to the substance, which penetrate it, while single cat hies would 
slip over the surfoee of these metals. The double cut file is kas fit for ft mg hi ana 
and copper, because its teeth wonid be very liable to become clogged with the filings. 

Files are also called by different names according to their various degrus of 
fineness, Those of extreme roughness are called rrugli; the next to this is the 
bastard ent { the third is the second cut i the fourth, the smooth ; and the finest 
of all, the dead anioolh. The very heavy square files used for heavy smith woik 
are sometimes a little eoarsir than the rough ; they are known by the name of 
rubbers. 

Files are also distingnisbcd from their shape, ai fiat, half-round, threc-aqaarc, four- 
square, and round. The first are sometimes of uniform breadth and thickness 
throughout, and sometimei tapering The cross si etion is a pftrallelogmm. Thu 
half round is generally tapering, one side being flat, and the other rounded. Ibe 
cross section is a segment of a circle varying a little for different puri oses, but seddom 
equal to a semicircle. The three-square generally consist of three equal sides, being 
equilateral prisms, mostly tapering ; those which arc not tapiring are u^od for sharp- 
ening the teeth of saws. The four-square has four equal sides, the section being a 
square. Those files are generally thickest m the middle, as is the ease with the 
smith's rubber. In the ronnd file the section is a circle, and the file generally 
conical 

The heavier and coarser kinds of files are made from the inferior marks of blistered 
steel. Those made from the Russian iron, known by the name of old sable, called 
from its mark CCND, arc excellent. The steel miide from the best Swedish iron, 
called Hoop L or Dannemora, makes the finest Lancashire files for watch and clock 
makers. 

The steel intended for files is more highly converted then for other pnrposea, to give 
them proper haidnees. It should however be recoUeetc d, that if the hanlness be not 
accompanied with a certain degree of tenacity, the teeth of the file break, and do bnt 
little service. 

Small files are mostly made of c ost streU which wonid be the best for all others, if 
It were not for its highi r price It is much hardtr than the blistered steel, and from 
having been in the fluid state, is entirely free from those seams and loose parts socom- 
mon to blistered steil, which is no sounder than as it comes from the iron forge before 
eon version. 

The smith’s rubbers are generally forged in the common smith’s forge, from 
the oouverted bars, whkh are, for convenience, made square in the Iren before they 
come into this conntry. The files of lesser sise are made from bars or ro^ draw n 
down from the bUstered bafs, and Ibe cast ingots, and known by the uatne of tilted 
steel. 

The flle-makfr’s forge consists of large bellows, with coke u fliel. Tke anviU 
block, particularly at Sheffield, ia one large mass of mill-stone grit. The anvil if of 
considerable siae, set into and wedged fast into the stone ; and has a prq|ectlon at one 
end, with a hole to contain a •barp>«dged tool for cutting the film ftim i}» rods. II 
also eontiins a deep groove for containing diet or bones, for ginog paitiettlar forms 
to the filet. 

The flat and Muare files are formed entirely by the hammer. One man holds thi 
hot bar, and strikes with s tmsll bsromer. Another stands befiffe the anvil with a 
two-handed kaimner. The latter is genmlly very heavy, with a hrend foot for tho 
Vol.1L U 
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lar^p file's. They both strike with such troth os to moke the sorfiioe smooth ond 
flat, without whot is colled hoDd-hommering. This arises from their great eo|ierioDcf 
in the some kind of work. The expedition orising from the some coose is not less 
remarkoble. 

The holf-round flies are made in o boas fostened into the groove above mentioned. 
I'he steel being drown out, is laid upon the rounded reeess, and hammered till it fills 
the die. 

The three-sided files are formed similarly in a boss, the recess of which consists of 
two sides, with the angle downwards The steel is first drown out square, and then 
placed in a boss with an angle downwardM, so that the hammer forms one side, and 
the boss two. The round files arc formed by a swage similar to those used b> 
common smiths, hut a little conic il 

I'he file cutter requires an anvil of a size greater or less, proportioned to the size of 
his files, with a face at even and fiat as possible. The hammers weigh from one to 
five or six pounds. The chisels are a httle brooder than the file, sharpened to an 
angle of about 20 degreet. The length is just sufficient for them to be lield fast be- 
tween the finger and thumb, and so strong as not to bend with the strokes of the 
hammer, the intensity of which may he best conceived by the depth of the impression. 
The nnvil is plnc<‘d in the face of a strong wooden |>o8t, lo which a wooden seat is ut- 
taelied, at a small distance 1k*Iow the Icsei of the auvirs face. The file is fiist laid 
iijKin tiie hare anvil, one end projecting over the front, and the other over the back 
edge of the same. A leather struj> now goes over ea *h end of the file, and passes 
down upon each s de of the block to the workman s feet, w hich, bidng put into the strap 
on each side, like a stirrup, holds (he file firmly nfion tiie anvil as it is cut While the 
point of the file is cutling, the strap passes over one part of the file only, the fmml 
resting upon the anvil, and the tang upon a prop on the other side of the strap. When 
one side of the file is single cut, a fine file m run slightly over the teeth, to take awii} 
the roughness •, when tliey arc to be double cut, another set of teeth is cut, crossing 
the former nearly at right angles. The file is now finished upon one side, and it is 
evident tliat the cut side cannot be laid npoo the bare anvil to cut the other. A flat 
piece ot un alloy of lead and tin is interposed between the tootbedjoarface and the 
anvil, while the other side is cut, which completely preserves the side^already formed. 
Similar pieces of lead and tin, with angular and rounded grooves, are used Ibr cutting 
triangular and half-round files, 

liasiis are cut precisely in the same way, by using a triangular punch instead of a 
flat chisid. The great art in cutting a rasp is to place every new tooth as much as 
possible ojiposite to a vacancy. 

File cutting mnohines have been from time to time invented. In 1778 M. de 
Montigny read a memoir before the Committee of Commerce, in which he mentioned 
the inventions for file-cutting in 1699 by Duverger, in 172') by Fardouet, in 1740 
by Thiout, in 1756 by Brachat and Garoain, and in 1778; since which, in 1800, Raoul 
invented a file-cutting machine ; and in 1836 Ericsson iutrodneed another. Sir John 
^btson, just before his death, invented a method for cutting curved files ; and in 
] S4d, Messrs. Johnson, Cammell, and Co. received the medal of the Scottish Society 
of Arts for perfecting Sir J. Robison’s sebeme. The accompanying wood ruts, 
which are representations of the file-cuttiog machine of Mr W. Shilton of Birmingham, 

will show the general principle 
upon which those machines are con- 
structed. 

In order to render this inventinn 
better understood, two views of the 
apparatus for producing the cross- 
cut or teeth of the files, are given. 

Ftg, 749 is an elevation of the 
upper part of the file-cuttiDg ma- 
chine, as seen on one side ; fig, 750 
is a plan or horizontal view, as the 
maohiue appears on the top. 

a, » the bead of the tilt bamnier 
placed in the end of the lever 5, 
which is mouDted on an azle c, 
turning in proper bearings in the 
frame work of the machine ; is the 
tilt wheel mounted on another axle 
s, also turning in bearings on the 
firame work of the machine, and having any required number of prqjeotions or tap* 
pets upon it for depressing tite tMl or shorter end of the hammer or tilt lew h. 
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The tilt wheel d, receives its rotatory motion IVom the toothed wlieel^. mounted 
upon the same uxle, and it takes into gt*ar with a pinion g, upon the main shaft A, 
which 18 actuated b> a band paMsed 
from any first mover to Uie nggiT 
on Its end, or in any other conve> 
nient manner. The bed upon a hich 
the blank piece of steel beais la 
marked i. This bed is hrmly sup* 
ported upon mai>our> placed upon 
proper sleepers ' is one of the 
blank pieces of steel under opera- 
tion, and lb bhon n secured in the pair 
of jaws 01 holding damps k, mounted 
on centre pins in the slide I, fig 750, 
which slide ih held dow a by a spring 
and slide beneath, and is moved 
baekviards and forwaids in the ina- 
cbtiie upon the (v) edges m m, of 
the flame, by means of the radc n 
and its pinion ; the latter lx ing 
iiiouqU d upon the axle of the rate In t 
wheel p, and which iwUhet wheel 
IS made to turn at intervalb by means of the pall o, upon the end of th^ lever r, 
jfig 7 no This lover is depressed after every cut has been effected upon the blank by 
m<*anb of the tc* th or tappets of the wheel a, coming in contact with the inclined plane 
t, ii]»oii the lever r The tappet wUetd a, is^ mount^ upon the end of the axle e, of 
th'* tilt wheel, and consequendy revolves with it, and by depressing the lever r, every 
tune that a tooth jmsscs the inclined plane f, the click 9 , is made to drive the ratchet 
wheel p, and thereby the adiaucing movement of the blank is effected after each 
blow of the tilt baiunur. 

I'here is a strong spring tc, attached to the npper side of the tilt hammer, its end 
biiijg confined under an adjustihle inclined plane u, mounted in the firame to, whidi 
inclined plane can be raised or lowered by its adjusting screws as required, to pro- 
duce more or less tension of the spring. 

A similar spring is placed on the under side of the tilt hammer, to raise and sustain 
the cutter or tool clear of the b<‘d after every blow, and in conjunction with safety 
holders or catcherb, to counteract any vibretioo or tendency the spring «, may have 
to cause Che ham uer to rciteiate the blow. 

The end of the lower spring acts on an inclined plane, mounted in the frame w, 
which has an adjusting screw similar to u, to regulate the tension of the spring. 

In case the under spring should raise, that is, return the hammer, with sufiicient 
force or velocity to cause the top spring 11 , to reiterate the blow, the ends of the safety 
holders or catchers are made to move under and catch the tail of the lever 6, immc*di- 
ately on its being raised by the under springs, which is effected by the following 
mcaus: — The holders arc mounted upon a plate or carriage 1,/cp 749, which turns 
upon a small pin or axle mounted in the ears of a cross bar ; the upper ends of the 
holders are kept inclined towards the tail of the tilt hammer by means of a apring 
fixed to the cross bar, and w luc h acts upon one end of the plate or carriage. 

In order that the hold* rs may be rc'moved out of the way of the tail of the hammer 
If when the tilt wheel is about to effect a blow, the tooln of the tilt wheel which 
lut acted upon the hammer comes in contact with an inclined plane fixed on 
the plate or carriage 1, and by depressing that end of the plate, causes the upper 
ends of the hdders to be withdrawn from under the tail ot the hammer 6. The 
tilt wheel continuing to revolve, the next tooth advances, and depresses the tail of the 
hammer, hut before it leaves ^hc tail of the hammer, the tooth laat in operation will 
have quitted the inclined pl<uic and allowed the spring to return the holders into their 
former position. After the tooth has escaped from the tail of 6, the hammer will im- 
mediately descend and effect the blow or cut on the blank, and as the tail of the 
hammer rises, it will come in contact with the inclined planes at the upper enda of the 
holders, and farce them backwards; and as soon as the tail of the hammer has pasted 
the top of the holders, the spring will immediately force the holders forward under 
the tail of the hammer, and prevent the hammer rising again until the next tooth 
of the tilt wheel is about to depress the end of the hammer, when the same move- 
menu of the parts will be repeated, and the machine will contiooe in operation nntil 
a sufficient length of the blank of steel (progressively advanced under the baimner) 
has been operated upon, when it will be rarown out of gear by the Ibllowingmeana: » 

Upon the sliding bar 6, there is placed an •4}uBtihle stop, against which the fiure- 

V2 
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most ond of the slide I U fly. 750, chinos in contact as it is moved forward by tlic rack 
f«, and Its pinion. The sliding bar 0. is connected at its left end to the bent lever 8. 
the oiixT end of this lever iK^ing formed into a forked arm, which embraces a clutch 
upon the mam shaft, and as the slide I continues to adxanee, it will come in contact 
wiili a stop ; and when it has brought a sufficient length of the blank pieces of steel 
under the operation of the cutting tool, the slide /, in its progress, will have moved 
that stop and the bar 8 forward, and that bar, by means of the bent lever R, will with- 
draw the clutch on the main shaft, from locking into the boss of the fly-wheel, and 
consei|uently stop the further progress of the machine; the rigger and fly-wheel 
turning loosely upon the mam Hhaft. 

'riie cut file can now be removed from out of the clamps, and reversed to cut the 
other side, or another blank piece put in its pl.ice ; and after throwing buck the pall 
q of the ratchet wheel the slide /, ainl with it the fresh blank, may be moved buck 
into the machihe by turning the winch handle, on the axle of the ratchet wheel n, the 
reverse way, which will turn the pinion backward^, and draw back the rack w, without 
alTi cting any other parts of the machine ; nn 1 on inn\ ing b ick the bar 6, by the 
handle 11, placed on the stop, the clutches w ill be thrown into gear again, and the 
machine proceed to cut the next blank. 

When the blanks bare been thus cut on one sWle, and arc rt versed in the machine 
to forni the t( cth upon the other side, there sluvtld bi‘ a piece of lead placed betw ecu ilic 
blank and the bc‘d to protect th<> fresh cut teeth. 

It will he seen that the position of the stop upon the bar 6. will determine the 
length or extent of the blank piece of steed which shall be cut or operated upon; and 
in order that the progressive inoveiiient of the bli nks under the cutting toi 1 may be 
made to suit differimt degrees of fineness or coarseness of the teeth (that is the dis- 
tance lietwoen the cuts), there is an adjusting screw upon the lever r, the head of 
which screw stops against the under side of an car projecting from the frame- work, 
and thereby determines the extent of the motion of the lever r, when depreFsed by 
the tappets of the wheel s, acting up<»ii the inclined plane f, consequently determining 
the number of teeth the ratchet wheel p shall be moved round by the pall q \ and 
hence the extent of motion communicated by the rack and pinion to the slide /, and 
the blank,;, which regulates the distance that the teeth of the file ale apart, and tho 
lever r is forced upwards by a spring pressing against its under side. 

It will lie piTccived that the velocity of the descent of the hammer, and conse- 
quently tho force of the blow, may be regulated by raising or lowering the inclined 
plane V of the spring u ; and in order to accommodate the bed upon which the blanks 
rest to the different inclinations they may be placed at, the part of the b^ is formed 
of a semi-globular piece of hardened steel, which fits loosely into A similar concavity 
in the bed r, and is therefore capable of adjusting iuelf, so that the blanks shall be 
properly presented to the cutting tool, and receive the blow or cut in an equal and 
oven manner ; or the piece of steel may be of a conical shape, and fit Iboscly in a 
similar shaped concavity. 

There are g^nides 16, placi-d on the top of the bed i, for the purpose of keeping the 
blanks in their proper position towards the rutting tool, and these con be regulatod 
to suit blanks of any width, by tuniing the right and left handed screw 17. There is 
also another a^justible stop on the jaws or clamps k which serves as a guide when 
placing the blanks within the jaws : and 19 is a handle or lever for raising the clamps 
when required, which has a weight suspended from it for the purpose of keeping down 
the blanlU with sufficient pressure upon the bed. 

The cutting tool in the thee of the hammer, can be placed st any required angle or 
inclination with the blank, it being secured in the head of the hammer by clamps and 
screws. In cutting fine files a screw is employed in preference to the rack and 
pinion, for adv ancing the slide /, and the blank piece of steel in the machine. 

^farcfmapAeyi/ec. — Thisis the last and most important part of file making. 
Whatever he the quality of the steel, or however eicellent the workraansbip. if 
it is not well hardened all the labour is lost 

Three things are strictly to be observed in hardening ) first, to prepare the file on 
the surface, so as to prevent it fVom being oxidated by the atmosphere when the 
file is red hot which efihet would not only take off the sharpness of the tooth, hut 
render the whole snrfhce so rough that the file wonld, in a little time, become 
clogged with the substance it had to work. Secondly, the heat ought to be very 
uniformly red thronghout and the water in which it is quenched, fresh and cold, 
for the purpose of giving it the proper degree of hardness. Lastly, the manner of 
immemion is of great importance, to prevent the files from warping, which in kmg 
thin files IS very difficult * 

u « * object is accomplished by laying a substance upon the file, which when 
It fuses, forms as it were, a varnish upon Uie surface, defending the inetal from the 
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action of tlic oxygen of the air. lornicrljr the process consisted in first coating tlie 
surface of the file with ale grounds, and then covering it over with pulverised coinnioii 
ralt (muriate of soda). After this coating became drj, the files acre heated red hot, 
nnd hardened ; after this, the surface vas lightly brushed OTer with the dost of cokes, 
when it ap|:«ar white and luetaliie, as if it had not been h(*ated« This process has 
lately beep improved, at least so far as relates to the erononiy of the salt, which from 
the quantity used, and the increased tliiekiiess, had bei<ane a seriou** olyect. Those 
St ho used the impnived method are now consuming altout one fourti the qiiaiitil) of 
salt used in the old method. The process consists iu dissolving the salt in st uter 
to saturation, which is about three pounds to tlie gallon, and stitleiiiiig it with aie 
grounds, or with the cheapest kind of flour, such as that of beans, to al>oui the con- 
sistence of thick cream. *J'he files required to be dipped onl} into this i«uhsta nee, uiid 
immediately heated and hardened. The grounds or the flour are of no other use, 
than to give the mass consistence, and by that nieana to allow a larger quantit\ ot 
salt to be laid upon the surface. In this method, the salt fhrms imnitd lately a him 
coating. As soon as the water is evaporated, the uhole of it beconicK fused upon the 
file. In the old method the dr^ salt a as so loosely attached to the file, that the 
greatest part of it n as rubbed off into the fire, and was sublimed up the chiniiie}, 
^ ithout producing any effect, 

I'he carbonaceous matter of the ale grounds is supposed to have some effect in give 
iiig hardness to the file, hy conibiniug with the steel, and rendering it more high y 
euiiionated. It will be found, howeior, upon ex|K‘rinient, that vegetable carlmii d<H*t> 
not rombine M'lth iron, viiih sufheient facility to produce any cfiect, in the short space 
ol time a file is heating for the purpose of hardening. Sumo file makers are in the 
habit of using the coal of humt leather, which doubtless produces some effect ; hut 
the carbon is generally so ill prepared for the purpose, and the time of ita ofieration 
fio short, as to render the result iuconstderahle. Animal carbon, viheu piopeily pie* 
pared and mixed with the above hurdeniiig coni|H)aitio&, is capable of giving hardness 
to the surface even of an iion file. 

This carlMMiaceous matter may be readily obtained from any of the soft parts of 
animals, or from blood. For this purpose, however, the refuse of shocmukeis and 
curriers is the mo>t convenient. After the volatile parts have been distilled over, 
from an iron still, a bright shining eonl is left behind, which, when reduced to powder, 
is fit to mix with the salt. Ix*t almut equol pans, by bulk, of this powder, nnd 
murine of soda be ground together, and brought to the consistence of cream, by the 
addition of water. Or mix the powdered earl^n with ii saturated solution of the salt, 
till it become of the above consistence. Files which are intended to he very hard, 
should be covered with this composition, previous to bardeniug. All files iutended 
to file iron or steel, parlicularl^ saw files, should be hardened w ith the aid of this 
mixture, in preference to that with the flour or grounds. Indeed, it probable, that 
the carbonaceous powder might be used by itself, in point of economy, since the 
ammonia or hartshorn, obtained by distillation, would be of such valne as to render 
the coal of no expense. By means of this method the files made of iron, which in it- 
self is unsusceptible of hardening, acquired a superficial hardness snffleieot for any 
file whatever. Such files may, at the same time, he bent into any form ; nod in con- 
seonence, are particularly useful for sculptors and die-sinkers. ' 

The next point to be considered is the best method of heating the file for hard- 
ening. For this purpose a fire, similar to tlie common smith’s fire, U generally 
employed. The file is held in a pair of tongnes hy the tang, and introdoeed into 
the fire, consisting of ver> sn.all cokes, poshing it more or less into the fire for 
the purpose of heating it regularly It must freodently be withdrawn with a view 
of observing tfait it is not too hot in any part When it is nniformly heated from 
the tang to the point of a cherry red coioor, it is fit to quench in the water At 
present an oven, formed of fire-bricks, is used for the larger files, into which the 
blast of the bellows is directed, being open at one end, for the purpose of introduc- 
ing the files and the fuel. Near to the top of the oven are placed two cross bars 
on which a few files are pKiced, to be partUUy beating. In the baldening of heavy, 
files, this contrivance affords a considerable saving, in point of time, while it permhs 
them also to be more nniformly and thoronghly heated. 

After the file is properly heated for the purpose of hardening, in otder to trodnec 
the greatest possible hardness, it should be cooled as soon as possible. The most 
common method of effecting this is by quenching it in the coldest water. Some file- 
makers have been in tbe habit of putting different substanees in Aeir water, with h 
view to increase its hardening property. The addition of sulpburie aeid to the watar 
was long held a great secret in the hardening of saw Ales. AfteraU, however, it will 
be found that clew sphng water, free from animal and vegetoble matter, and u cold 
as possible, is the best calculated for hardening fi’es of every descrlptioh. 
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In qneofhing the flies in water, some eantion most be obserred. All filri, except the 
half' round, should be immersed perpend icnlarlj, as qnlckly as possible, so that the 
upper part shall not cool. This management prerents the file from waiting. The 
half-round file must be quenched in the same steady manner ; but, at the same time 
that it is kept perpendicular to the surface of the water, it mnst be moved a little 
horisontally, in the direction of the round side, otherwise it will become crooked 
hack wards. • 

Aflter the files are hardened, they are brushed over with water, and powdered cokes, 
when the surface becomes perfectlv clean and metallic. They ought also to be washed 
well in two or three clean waters tor the purpose of carrying off all the salt, which, if 
allowed to remaiD, will be liable to rust tho file. They should moreover be dipped 
Into lime-water, and rapidly dried before the fire, afler being oiled with olive oil, 
containing a little oil of turpentine, while still warm. They are then finished. 

FIUjUiRBR {Fdigranft Fr. ; Fthgratu or Feme JJraktgrJlechf, Germ.) is, as tho 
last term justly expresses it, intertwisted fine wire, used for ornamenting gold and silver 
trinkets. The wire is seldom drawn round, but generally flat or angular ; and sol- 
dered 1>y gold or ailver solder with borax and the blowpipe. The Italian word, 
/iiigrana, is comimunded of jUum and granum, or granular net- work ; because the 
ItiiliiuiA who first introduced this style of work, placed small beads upon it. 

FlrjyHATIOM (Kng and Fr. *, Ftlttiren, Germ.) is a process purely mrchanicnl, 
for sefihrating a liquid from the undissolved particles floating in it, which liquid may 
be either the useful part, as in vegetable infusions, or of no use, ns the washings of 
mineryl precipitates. The filtering substance may consist of any porous matter in a 
fiolld, fidiated, or pulverulent form ; as pOrous earthenware, unsized paper, cloth of 
many kinds, or sand. The white blotting paper sold by the stationers answers ex- 
tremely well for filters in cheniical experiments, provided it be prc'viously washed with 
dilate muriatic acid, to remove some lime and iron that are generally present in it. 
Filter papers are first cat square, and then folded twice diagonally into the shape of a 
comet, having the angular parts rounded off. Or the piece of paper being cut into a 
circle, may be folded fiin-likc from the centre, with the folds placed exteriorly, and 
turned out sharp by the pressure of the finger and thumb, to keep intervals between 
the paper and tho funnel into which it is fitted, to favour the percolatioiu The diameter 
of the ftinnel should be about three-fourths of its height, measured from the neck to 
the edge. If it K* more divergent, the slope will too small for the ready efllux of 
llie fluid. A filter covered with the sediment is most conveniently washed by spouting 
water upon it with a little syringe. A small camel’s hair paint brush is much employed 
for collecting and turning over the contents in their soft state. Agitation or vibration 
is of singular efilcacy in quickening percolation, as it displaces the particles of the 
moistened powders, and opens op the pores which had Ih'Couic closed. Instead of a 
thnnel, a cylindrical vessel may be emplo}ed, having its perforated bottom covere<l 
with a disc of filtering paper folded up at the edges, and made tight there by u wire 
ring. Linen or calico is used for weak alkaline liquors ; and flannels, twilled woollen 
cloth, or felt- stuff for weak acid ones. These filter bags are often made conical like a 
fool’s cap, and have their mouths supported by a wooden 
Q or metallic hoop. Cotton wool put loose into the neck of 

/ \ " a fiinnel answers wqll for filtering oils upon the small 

/ A I scale. In the large way, oil is filtered in conical woollen 

U P|. I iw p| I y LL bags, or in a cask with many conical tubes in its bottom, 

^ ^ 1 || filM with tow or ootton wool. Stronger acid and alkaline 

-/ in" liquors must be filtered through a layer of pounded glass 

W / quarts, clean sand, or bruised charcoal. The alcarrhasas 

are a porous biscuit of stooo ware made in Spain, which 
are convenient for filtering water, as also the porous filtering 
ml I stone of Teneriffe, largely imported into England at one 
time, but now superseded in a great measure the arti- 
fleial filters patented under many forms, consisting essen- 
4 U tially of strata of gravel, saud, and charcoal powder. 

/ It is convenient to render the filter self- acting, by accom- 

1 1 modating the supply of liquid to the rate of percolation, so 

that the pressure upon the porous surface may be always 
- j I equally ^aC. Upon the small scale, the lamp-fbuntain or 

I bird's-glass form so generally used for lamps, will be found 
f - .^L a to answer. 

- / — 7 Fw, 731, represents a glass bottle a, partly filled with 

the fluid to be filtered, supported in the nng of a ehsmical 
ktand, and having its mouth inverted into the same liquor in the filter flinnel. It lA 
Obvious, that whenever this liquor by filtration faUs below the lip of the bottle, air 
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will enter into it, let down a fVoeh supply to feed the filter, and keep the fennel re- 
gularly charged. If larger quantitiei are to be operated npon, tho fellowing appa- 
ratua may be employed. Ftg. 753, a n, is a melallie 
vessel which may be made air-tight ; c is the under 
pipe provided with a stopcock m, for letting down ^ 

the liquor into the filter a 5. The upper pipe f, wrongh N. 

which the fiuid is poured by means of the fennel ^ S|!t^ J 

has also a stopcock which opens or shuts, st the same * ^ ^ 

time, the small side tiilie u f, through ahioh, duruig y \ 

the eutraucc of the fluid, the air is let off feom the / 

receiver. A glass tube p, shows the level of the / 
liquor in the Imdy of the apparatus. In using it, fee Ar' .ii n w r i imiw i mrrwA i-i 

cock n must be first closcA * 1^1 the cock a mutt be W 

opened to fill the receiver. Then the filter it set a | 

going, by re-opening the cock n, so as to keep the fluid 

in the filter upon a level v ith the openin|^ of the tube c p 

lloth these pieces of apparatus are essentially the same. | 

In many maonfaetures, sclf-aetlng filters are fed by 1 

the plumber's common contrivance of a ball cock in U 

which the sinking and rising of the hall, within certain 

liuiit<i. serves to open or shut off the supply of liquor \ 

as it may be required or not Dumont has adopted 

this ( xpi^ient for his sysh m of filtering cyriip through \ , y 

a stratum of granularly ground animal charcoal or g n a 

bone black. Fuj 751, is a front view of tliisapparatua ^ i 

Mith 4 filters c , and /t</ 754 is a cross section. The 

fr imowork a aui^rta the cistern a, m which the sj rup 

|H contained. From it the liquor flows through the 

i»t< »p c oc k 6, and the connect lon-tube a, into the common O 

pi|KM, uhioh eoiniiuinitatcs, by the abort branch tubes e, with each of the fruir filters. 

The end of the branch tube, which la inside of the filter tub, is provided a ith a atop- 



aock «// whoae ope: 
the tulH o, is reguli 


by mean i of the floating-ball p. Upon the brickwork i 


filter tub standi fernished at ' 7J4 

with a false bottom of imc or 
copper pierced with fine boles ; bc- 
sidA which, higher up at i there is 
another such plate of metal fer- 
nished with a strong handle k, by 
which it may be removed, when the 
bone-black needs to be changed. 

In the intervening space /, the 
granular coal is placed, o is the 
cover of the filter tub, with a 
handle also fikr lifting it One por- 
tion of it may he raised by a hinge, 
when it is defiled to inspect fee 
progress of fee filtration within, 
m m u a alender vertical tube, forming a communication between fee hottom hatt A 
and fee upMr portion of the filter, to admit of the eaiy escape of the air from tbiS 
•pace, and from among the bone-hlack as fee syrup descends } otherwise the filtratiMi 
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could not go Ob. p li the itopoock through which the fluid coUeoted in the 
■pace under A ia let off lh>ni time to time into the common pipe 9, 753. r is 

a trickling chaunet or groowe lying parallel to the tube 9. and in which, by means 
of a tube s, kntciled at pleasure, the syrup is drawn off in case of its flowing in a 
turbid slate, when it must be returned over the surface of the charcoal 

The celerity with which any fluid passes through the filter depends, — 1, upon the 
porosity of the filterinft substance ; 3, upon the preiaure exercised upon it $ and 3, upon 
the extent of the fiJtenng surface. Fine powdera in a liquor aoniewhat glutinous, or 
closely compacted, admit of much slower filtration than those which are conrsc nnd 
free i and the former ought, therefore, to be spread in a thinner stratum and over n 
more extenMve surface than the latter, for equal effect ; a principle well exemplified in 
the working of Dumont's apparatus, just described. 

In many cases filtration may be accelerated by the increase of hydrostatic or pneu- 
mattp pressure. This happens when we close the top of a filtering cylinder, and cou< 
iiect it by a pipe with a cistern of fluid placed upon n higher level. The pressure of the 
air nay be rendered operative also either by withdrawing it partially fVoni 0 close 
veiaei, into which the Wtom of the filter enters, or by increasing its density over the 
top of the liquor to lie filtered. Either the air pump or steam may be employed to 
create a partial void in the reoeivei beneath the filter. In like manner, a forcing pump 
or steam mav bo employed to exert pressure upon the surface of the filtering liipior. A 
common siphon may, on the same principle, be made a good pressure filter, b) making 
its upper leg truni|)et*shaped, covering the orifice with filter paper or clotli, ond filling 
the wools with liuuor, the lower leg btdng of such h*ngth so as to create coiiMideruhlc 
pressure hy the dmerence of hydrostatic level. This apparatus is ver^ coiivenieut 
either on the small or great scale, fur filtering oft* a clear fluid from a light muddy 
sediment The pressure of the atmosphere may be elegantly applied to common filters, 
by the apparatus represented in Jit/, 755, which is merely a fiiuucl enclosed within u 
gasometer. The case a b bears an annular liollow vessel a 5, 
filled with water, in which receiver the cylindrical gasometer, 
d, Ct/* (. ie immersed. The filter funnel c is secured at its 
upper edge to the inner surface of the annular vessel a A. In 
consequence of the pressure of the gasometer ijigulated by the 
weight g, upon the air inclosed within it, the nquid is equally 
pressed, and the water in tlie annular space rises to a corre- 
h|)ondiug height on the outer surface of the gasometer, as shown 
in the figure. Were the apparatus made of sheet iron, the an- 
nular space might be charged with mercury. 

In general, relatively to the application of pressure to filters, 
it may be remarked, that it cauuot be pushed very fur, without 
the chance of deranging the apiiaratus, or rendering th^‘ filteied 
liquor muddy. The enlargement of the surface is, geiierulty 
•peaking, the safest and most efficacious plan of increasing the 
rapidity of filtration, espeoialiy for liquids of a glutinous nature. This expedient is 
well illustrated in the creased bag filter now in use iu must of the sugar refineries of 
London. See Sbgab. 

In many cases it is convenient so to construct the filtering apiuiratus, as that the 
liquid shall not descend, but mount by hydroatatic pressure. This method has two 
advantages : 1. that without much expensive opparatus, any desired degree of hydro- 
static pressure may be given, as also Uut the liquid may he forced up through several 
filtering surfaces placed adongside of each other } 2. that the object of filtering, which 
is to separate the particles floating in the fluid without disturbing the sediment, may 
bo perfectly attained, and thus very foul liquids be cleared without greatly soiling the 
filtering surface. 

Such a conduction is peculiarly applioable to the purification of water, either alone, 
w combinedfliih the downwards plan of filtration. Of the former variety an example 
is shown in /jy. 756. The wooden or tine conical vesiel is provided with two per- 
forated bottoms or sieves e e, betwixt which the filtering substance ia packed. Over 
this, for the formation of the apace A A, there ia a third shelf, with a hole in its middle, 
through which the tube A is passed, ao as to be water tight. This places the upper 
open part of the apparatus in communication with the lowest space a. From the com- 
partment A A a small air tube i runs upwards The filtering substance consists at bottom 
of pebbles in the middle of gravel, and at the top of fine sand, which may be mixed 
with coarsely ground bone-black, or covered with a layer of the same The water to 
he filtered being poured into the cistern at top, fills through the tube .A d the Inferior 
<‘o;iip»niiicnt a, inun which the hydrostatic pressure forces the water upward through 
the iHTforated shelf, and the filtering materials. The pure water cdlleots in the speee 
A A. a hilc the air esea^tes hy the small tnbe /, as the liquid enters. The atopoodk tierves 
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to draw off the filtered water As the motion of the fluid In the Alter ia alow, the par- 
ticles suspended in it have time to subside by their own gravity \ hence there co'feeita 
over the upper shelf at d, as 
well aa over the under one at 
a, a precipitate or deposit which 
mj} be washc»d out of the latter 
cavity by means of the stop* 
cock SI 

As an example of an upwards 
and downwards filter, /y 7 %" 
may be exhibited A b c 1> is 
a wooden or metallic cistern, 
fuinihhcd uith the perforated 
shelf r d near its undti part, 
ii{io 1 which a vertical partition 
iH fixed thro igh the axia of the 
%es«>el A semicircular perfo- 
1 ited shelf 18 placed at a, and a 
b ( ond similar one at b These 
honsontil shelves rest upon 
brifctkets in the aides of the cisterns, so that they may be readily lifted out The apace 
i IS filled n ith ctiarse sand, j with moderately fine, and h with veiw fine The foul 
Muter is pound into the chamber E, and presses Uirongb o J h and into the space r, 
M hence it may be drawn by the stopcock f 

J tg rtpn Hints m section a filtering apparatus conaistiiig of two concentric 
( hambers , the interior bung destined for downwards filtration, and the exterior for 
upwards Within the larger cistern a a smaller one b Is placed concentrically, with 
Its under nirt and is left open firom distance to distance, to make a communication 
latwien tlie interior cavitv aud the exterior annular space These oavitiea are filled 
tothi marked height with sand and gravel The inner cylindrical apace has fine 
sand bilow, then sharper sand with granular charcoal, next coarae sand, and laatlj 
gravel The annular space has in like manner fine sand below The foul water la 
introduced by the pipe f the orifice at whose end is acted upon by a ball-cock with 

756 





Its lever a , whereby the water is kept always at the lame level m the inner veaael 
The water sinks through the sand gnta of the middle vessel, pasaei outwards at ita 
Imttom into the annular apace, thence up throimh the aand in i^ and collecting a^ve 
it, 18 let off by the stopcock on the piM b When a muddy deposit forma after some 
time. It ma\ be easily cleared out The cord e, running over the pulleys//; being 
drawn tight, the ball le^tr w ill abut up the valve The stopcock d made fait to the 
Loiiducting tube e must then he opened, so that the water now overflow! into tte 
annular apace at a , the tube c, lo communication with the inner apace b, being opened 
b} toking oat the stopper h The water thereby percolates thnmgh the luid atrata fai 
the rivetae direction of its ostial coarse, so as to clear away the impurities m the 
space B, and to discharge them by the pipe eh An apparatna of tins kind of 
moderate* sue la capable of filtering a great bod) of water. It should he con- 
structed for that purpose of masonry { hut upon a small scale A may he made of 
stone-ware 

A conviQient apperatos for filtenog oil upwards is represented In/p 736 . pis aa oil 
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cMk, in whtcli tb« impnre partf of cht oil Ihto aocaniQhKod orer tho bottom. Imme- 
dbitoly nbore tbia, a pipe a li lot in, vhieb commanicatei with an elevated water cbtern 
H, / is the Alter (plaokl on the lid of the caak), furiuahod with two perforated shelves, 
one St e and another at d ; which divide the interior of the filter into three com- 
partmenta. Into the lower space immediatelv over the shelf e, the tube 6, fiimishcd 
with a stopoock enters, to establish a communtcation with the cask ; the middle cavity 
e is filled with coarsely ground charcoal or other filtering materi^s t and the upper 
one has an eduction pipe /. When the stopcocks of the tubes a and b are opened, the 
water passes from the olstem into the oil cask, occupies ftma its density always the 
lowest place, and presses the oil upward^ without mixing the two liquids i whereby first 
the upper and purer portion of the oil is forced through the tube b into the filter, and 
thence out through the pipe /. When the fouler oil follows, it deposits its impurities 
in the space under the partition r, which may from time to time be drawn off through 
the stOEHHick A, while the purer oil is pressed upwards through the filter. In this way 
the difwrent strata of oil in the cask may be filtered off in succession, and kept separate, 
if found necessary for sale or use, without running any risk of mixing up the muddy 
matter with what is clear. According to the height of the water cistern n, will be the 
pressure, and of course the filtering force. When the filter gets choked with dirt, it 
may ho easily re charged with finish materials. 

It has been fiir many years the custom of the water companies to send the water taken 
from the river through filter beds, prepared usually of sand and gravel. It was long 
thought that the effect of these filter b^s was merely to separate the solid insoluble 
matters suspended in the water. It has, however, been shown by the investigations of 
tlie late Mr. Henry M. Witt (a chemist of peculiar promise, lost too soon to science, 
and ere yet the world could recognise his powers), that these filter Ms had the power 
of separating many of the dissolved substances from the water ; that, in fact, the soluble 
salts of lime, and the like, were removed by some peculiar pliysico-mcchanical foicc, 
residanti as it appears, as a surface force, in all porous masses. There arc many very 
remarkabla examples in nature of the operation of this power in producing beds 
charged with metalliferous matter, some of which will be described under the head of 
Miming. 

Mr. II. M. Witt communicated to the PhUo$ophicaI Magazine for DeQ|Biber, 1656, an 
account of some experiments on filtration, which are of much value. Man 3 r of his 
expi^riments were made at the Chelsea Water Works, and they appear of such iuterest 
that we quote the author's remarks to some extent. 

** The system of purification adopted by the Chelsea Waterworks, at their works at 
Chelsea, consisted nitherto (for the supply has by this time commenced foom Kings- 
toiiy in pumping the water up out of the river into subsiding reservoirs, where it re- 
mained for SIX hours i it was then allowed to run on to the filter-beds. These are 
large square beds of sand and gravel, each exposing a filtering surfiioe of about 270 
square feet, and the water passes through them at the rate of about 6| gallons per 
square foot of filtering surface per hour, making a total quantity of 1687*5 gallons per 
hour through each filter. 

** Tho filters are composed of the following strata, in a descending order : — 

ft in. 


1. Fine sand - - -..---26 

2. Coarser sand ---•-.-lo 

8. Shells 06 

4. Fine gravel - - - - - - - 03 

5. Coarse gravel - 33 


These several layers of filtering materials are not placed perfectly flat, but arc dis- 
posed in waves, and below the convex curve of each undulation is placed a porous 
earthenware^^, which conducts the filtered water into the mains for distribution. 
The depth flNrater over the sand was 4 feet 6 Inches. The upper layer of sand is 
renewed about every six months, bat the body of the filter has been in use for about 
twenty years. 

** Samples of water were taken and submitted to examination:— 

** ist, from the reservoir into which the water was at the time being pumped from 
the middle of the river. 

** 3nd, from the cistern, after inbsidence and filtration.** 

Experiments were made at different seasons of the year ; but one of Mr. Witt's 
tables Mill sufficiently show the results. 

1. Shows the quantities of tho several substances originally present, represented in 
grains, in the imperial gallon (70,000 grains) of water. 

2. Tho amount present after filtration. 

8. The actual quantities separated in graini in the gallon of water. 
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4. The per centnge ratio irhich the amouata aeparated bear to the quantititi 
originally prcsvut. 



1. 

3. 

8. 

4. 


Orlglnsllr 

prmtiit. 

After Altrallon. 

Amount 

iriwrslml. 

fnr cmitsfe mt(<i 
ormputMtod 

Total solid residue, includ- 





ing suspended matter 

5.1*60 

29 25 

32*75 


Organic matter 

4*06 

1*349 

2 70 

66*66 

Total mineral matter 

51*55 

21*501 


58*29 

Suspended matter • 

Total dissolved Salts 

28 93 

2*285 


92*10 

22 62 

10*216 


15 04 

I.ime • ■ • - 

6*719 

8*426 

mimgii 

3*36 


“ It has been atiunied ai a prirciple that land flltration can only remote bodtei 
mechanically ittapeDdcd in water, but 1 am not aware that thia atatement haa been 
eatabliahed by experiment} in fact, 1 am not acquainted with any publiabed analytical 
exainiuution of tMc etfeota of land filtration. 

“ Theae experiments supply the deficiency, and ahow, moreover, that theae poroua 
media are not only -capable of removing suapended matter (80 to 92 per cent.), but 
even of aeparating a certain appreciable quantity of the aalta fVom solution in water, 
viz from to ]& per cent, of the amonot originally present, 9 to 19 per cent, of the 
coinmon salt, 3 per cent of the lime, ard 6 of the snlphnric acid. 

** Taking the purer water from Kingston, two experiments wore made simultaneously 
with the same water, one filtration being throngh charcoal alone, and the other through 
Hund alone, the sand filter having an area of 4 wpiare feet, and consisting of the 
fulldw ng niateriuli * — 

ft. In. 


Fine sand 
Shells • 
Gravel - 
Coarse gravel 



ReauUi of Sand Filtration. 


3 9 




1 AScr 33 hentn' a* (Ion. 

1 AOar laObonn'aitlon. 1 

Cflvnpailioa 

amoant 

■aparatid. 

Prremtwt 

arOnantHir 

nparaird. 

'B9 

Amount 

Nparatad. 

Porwnluo 
ratio or 

I'otnl mliliia 

Mineral mlta . - . 

Orgnnlc matter 

Siiapnidcd matter - 
('hloiina - - • 

Cblnrldo of Sodium 

34 MS 

nm 

O’tCNW 

9 

(rSiji 

vm 

93 87 

ss-sos 

1 019 
9*668 

0708 

0*638 

' 0*846’ 

8*89 

3*00 

*24*109’ 

93*69 

9301 

0048 

OCTl 

1 105 

VITTni 

3-OtS 

9*78 

3910 

2911 



AHar StOhoaiV aaUm. 

Anar 371 taeim* actlan. 

Total roaldm 

Mineral aalit • • 

Organic mattar 
tliiapondad matter - 
('htorinu . • . 

Ciiloridf of Soditna 

S4‘S7S 

S3<IS7 

0*1906 

3*009 

ft&ez 

/•4W 

29»ft»4 

31*517 

0*917 

l*8S 

11*674 

tllO 


9 810 
9*101 

’40*498’ 

918 

31 e 

■ 

BSBI 

Twj 


■* Apart from its special interest, as compared with the Mowing experiment, made 
simultaneodsly through charcoal, the following' points are in thcmMlves remarkable 
in the resnlte obtained by this filtration throng sand : 

** 1st. That the filter continued inerfasing in efflea^ even till the concMon of the 
experiment, i. e.* for 376 hours, nOt having lost any or its power when the experiment 
was terminated. 

2nd. That no weighahle quantity of dissolved organic matter was removed by the 
sand in this experiment ; bat it must be remembered that the quantity originally 
present was but smolL 
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**8rd. Its power of remoTing soluble salts wu considerable { as a maaimum, 21 per 
cent, of the oommonsalt being separated ** 


Rendu qf Charcoal FdlraiioiL 





After 7t heun* antloa. 

After 130 beam* eetlon. | 



wad. 






Pweentm 
retie or 
Quantils 
wperaleo. 



mm 

Amount 

■epomted 

raOrelr* 

Qaeni^ 

NferaM. 

BS 

Amoanl 

Mparued. 

Total rafidua 


M*S7S 

9S‘1I 

8 448 

0*906 

81*044 

8 934 

1198 

Mint-ral lalu - - 

m 

U’iSl 

81 875 

8 813 

9’7h 




Organic matCar 

m 


0 705 

0*1300 

10 28 




8uipandad matter • 

m 

8SO0 




8*06 

0*449 

18*79 

Chlurina - • 


DIGS 







Chlorlda of Sodium 

- 

I'dao 









After 140 hoanT ectlon. 

After S76 heun'aellea. 

Total ranidua 


94A78 

80821 

8757 

10 28 

31*371 

8304 

1308 

Mineral lalii « 


88 * 61 ^ 



a 

30 604 

80J3 

12 84 

Organic matter 


OHBOQ 

. 

m • 

. 

0*770 

0*1300 

13 04 

Su^ptMuled matter - 


8AOO 

9rn 

0-719 

80 48 




Ohlorlna 


OMiS 







Chloride of Sodiimi 


1480 








On comparing (his experiment with the preceding, the following point comes out 
as showing the difference between the eliects of sand and charcoal as filtering 
media. 

By the charcoal, speaking generally, a considerably larger quantity of the total 
residue contained in the water was removed than by the sand, their maximum results 
being respectively os follows : — 


AinoiiiU 0 Iglnally 

prcHiiit. 

Amount eeparated In Gratni In the 
Gallon. 

Amount •eparatpd lahptr centagp of 
the Quantity pweiit. 

By Sand 

B> Charcoal. 

By Sand. 

By Charcoal. 

24-578 grs. ini 
the gallon J 

2 074 

3*767 

8*426 

15 28 


Mr. Way has also shown that agricultural soil possesses the power of separating 
the soluble salts and organic matter from water in a remarkable manner. There 
arc without doubt many natural phenomena which are immediately dependent 
upon this power, posses^ by porous bodies of all kinds, in a greater or a less 
degree. 

FIRE ANNIHILATORS. This name is given to a portable machine invented 
by Mr. Phillips, which is adjusted to produce the imm^iate production of steam, 
carbonic acid and other gases, which could bo at once directed on the burning 
mass. The machine is cylindrical in form, and slightly conical. For use it is charged 
with the following composition : charcoal 20 parts, nitrate of potash GO parts, and 
gypsum 5 parts. These materials are boiled together in water, and afterwards dried 
in a stove at the temperature of 100^. The whole is moulded into the form of a 
brick, down the axis of which penetrates a hollow cavity for the reception of a bottle, 
which contains a mixture of chlorate of potash and sugw, surmounted by a globule 
of sulphuric^fk The charge so prepared is placed in a cylindrical vessel, per- 
forated in tfflftj places, which is itself within another cylindrical vessel, also per- 
forate for the paslage of the gases i both these are contained in a double c} lindrical 
receiver, the lower part of which contains a quantity of water. The apparatus is 
closed ^ two covers, in the outer of which is an opening for the escape of the va 
pour. In the centre of the cover is placed a spike, for the purpose of breaking the 
glass bottle deposited in the cavity of the charge. The spike being forced down 
bleaks the bottle, and the snlphuric acid causes the instantaneous combustion of the 
chlorate* of potash and aunr, which fires the charge. The gates now escape through 
the perforations, and hea&g the air in the water chamber, and causing it to expand, 
forces the water up a tubular passage into the space between and around the cylin- 
drical vessels placed each within each, and tieing thus converted into vapour, mixes 
with the gases, and escapes by the discharge tube, forming a dense cioadf which 
rapidly calinguisbes flame. 
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FIRE ARMS, Makufictitrs or. Thii trt if divided ioto two bnnrhei, ihilt of 
the metallic, and that of the wooden work. The firat includes the barrel, the look, and 
(he mounting, with the bayonet and ramrod, for military arma The second com- 
prises the stock, and in ^owling-pieces likewise the ramrod. 

The iiarreL — Its interior is called the bore i its diameter, the oalibrei the back 
end, the breech ; the front end the mossle i and the closing of the back end, the breech 
pin or plug. The barrel is generally made of iron. Moot military mnaquets and 
loM’-priced gnns were formerly fkabioned out of a long alip ef sheetiron foUed to- 
gether edge- wise round a skewer into a cylinder i they were then lap|^ over at Ae 
seam, and welded at a white heat. The most ductile and tenacioos soft iron, free from 
all blemishes, must be selected for this slip. It Is frequently welded at the common 
forp*. blit a proper air-furnace answers better, not being so apt to Imm t^ iron, 
which should he covered with ashes or einders. The shape of the bore is given by 
hammering the cylinder upon a steel mandril, in a groove ot the anvil. Six inches of 
the barrt‘l at either end are left open for forming tlie breech and (he muisle by a sub- 
sequent welding operuiion ; the extremity put into the lire being B(op|ied with clay, 
to prevent the introduction of ciudera. For every length of two inches, there are 
fioin two to three welding opi rations, divided into alternatinff high lud low heats; 
the latter being intei ded to corre< t the defects of the former. I'he breech and muszle 
fin* not welded u|»on the mandril, but upon the bom of the anvil ; the breech being 
thicker in the metal, is more highly heated, and is made somewhat wider to save 
I (hour to the borer. The baircl is finally hammered in the groove of the aiivil wMi- 
uiit the mandril, during which process it receives a heat every two minutes. In 
a elding, the barrel extends about one-third in length ; and for musquets, is even- 
taally Jett from fi to .3^ feet long; hot for cavalry pistols, only 9 inches. 

The best iron plates for ffun-barVels are those made of 6tub iron, that is of old 
hor»«e shoe nails welded together, ami forged into thin bars, or rather narrow ribands. 
At one time dumajirift barrels were much in vogue; they were fkahioned either as above 
dest'iilied, fiom plates made of Iwrs of iron and steel laid parallel, and welded together, 
or from ribands of the same dama*>cu8 atuft coiled into a c} Under at a red ht at, and then 
welded together at the seams. The best modern barrels for fowling-pieces and the 
modern rifles are constructed of stub-nail iron in thia manner. The slip or fillet is 
only half an inch broad, or sometimes less, and is left thicker at the end which is to 
form the breech, and thinner at the end which is to form the muszle, than in the 
intermediate poition. Thia fillet being moderately heated to increase its pliancy, it 
then lapped round the mandril in a spiral direction till a proper length of cylinder is 
formed ; the edges being made to overlap a little in order to give them a better hold 
in the welding process. The coil being taken ofif the mandril and again heated, it 
struck down vertically with its muzzle end upon the anvil, whereby the spiral junc- 
tioi 8 are made closer and more uniform. It is now welded at several successive heats. 




mandril. The finer barrels are made of still narrower stub-iron slips, whence they 
get the name of wire twist On the continent, some barrels are made of steel wire, 
welded together lengthwise, then ooiled spirally into a cylinder. Barrels that are 
to he rifled, require to be made of thicker iron, and that of the veiy best quality, 
for they would he spoiled by the least portion of scale upon their insW Soldiera* 
musqiieU are thickened a little at the muzzle, to give a stout bolding to the bayonet. 

The barrels thus made are annealed with a gentle heat in a proper frirnace, and 
•lowly cooled. They are now ready for the borer, which it an oblong square bit of 
■teel, pressed in its rotation against the barrel by a lip of wood applied to one of its 
fiat sides and held in its place by a rins of metaL The boring bench works horizon- 
tally, and has a very shaky appearance, In respect at least of the bit In some oases 
however, it has been attempted to work the barrels and bits at an inotination to the 
horizon of 80°, in order to fiMilitate the discharge of the borings. Ths barrel is held in 
a slot by only one point, ti> allow it to humonr the movements of the borer, which 
would otherwise be infallibly * 

broken. The bit as represented 
in Jig. 760, has merely its 
square head inserted into a 
clsmp-chnck of the lathe, and 
gU|rB freely through the rest of 

Fip. 761 represents in plan 
the bonttg bemek Ihr musquet 
barrels ; // is the sledge or 
earriaM frame In which the hi 
lathe, Tnlo which the square «i 



1 of the bit A* 760, Is 
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olampod at itf middle to the carriage, and capable of being pressed onwards against 
the tanering bit of the borer, by the bent lever c, worked by the left hand of the 
oiHTative against Ailcmm knobs at d, which stand about two inches asunder. 
\v believer the barrel has been thereby advanced a certain space to the right, the bent 
mil of the lever is shifted against another knob or pin. The borer appears to a 
stranger to be a very awkward and unsteady mechanism, but its perpetual vibrations 
do not affect the accuracy of the bore. The opening broach may be of a square 
or pentagtinal form; and either gralnally tapered from its thickest iiart, or of 
uniform diameter till within two inches of the end, whence it is suddenly tapered to 
a point. 

A series of bits may he used for boring a birrel, beginning with the smallest and 
ending with the largest. But this multiplication of tools becomes unnecessary, by 
laying against the cutting part of the bit, slips of wood, called spales, of gradually 
increasing thickness, so that the cd^ is pressed by them progressively fur^er from 
the axis. The hore is next polished This is done by a bit with a very smooth edgt*, 
which is mounted as above, with a wedge of wood besmeared with a mixture of oil and 
emery. The inside is finished by working a cylindrical steel file quickly backwards and 
forwards within it, while it is revolving slowly. 

In boring, the bit must be well oiled or greased, and the barrel must be kept cool 
by letting water trickle on it ; for the bit, revolving at the rate of 120 or 140 times a 
minute, gencrait's a great deal of heat If a flaw ^ detected in the barrel during the 
iK&ing, that part is hammered in, and then the bit is employed to turn it out. 

Many sportsmen are of opinion that a barrel with abore somewhat narrowed towards 
the mussle serves to keep shot better together ; and that roughening its inside with 
pounded glass has a good effect, with the same view. For thiii purpose, also, fine 
spiral lines have been made in their interior surface. The justness of the calibre of 
a fowling piece or musket is tried by means of a truly turned cylinder of steel, .3 
or 4 incnei long, which ought to move without friction, but with uniform contact 
from end to end of the barrel. Whatever irregularities appear must be immediately 
removed. 

I'lie outer sui’face of the barrel is commonly polished opon a dry grindstone, but it 
is better finished at a turning lathe with a slide rest f 

Rifle barrels have parallel grooves of a square or angular form cut within them, each 
groove being drawn in succession. These grooves run spirally, and form each an 
aliquot part of a revolution from the chamber to th*) tnuxzlc. Rifles shonld not be too 
deeply indented ; only so much as to prevent the ball turning round within the barrel, 
and the spires should be truly parallel, that the ball may glide along with a regular 
pace. 

The Parisian gnn-makers, who are reckoned very expert, draw out the iron for the 
barrels at hand lorges, in fillets only one-ninth of an inch thick, one inch and a half 
broad, and four feet long. Twenty-five of these ribands are laid uimn each other, be- 
tween two similar ones of double thickness, and the bundle, weighing 60 lbs., bound 
with wire at two places, serves to mike two barrels. The thicker plates arc intended 
to protect the thinner from the violence of the fire in the numerous successive beats 
necessary to complete the welding, and to form the bundle into a bar two-thirds of an 
inch broad, by half an inch thick ; the direction of the individual plates relatively to 
the breadth being preserved. This bar folded fl it upon itself, is again wrought at the 
forge, till it is only half an inch broad, and a quarter of an inch thick, while the plates 
of the primitive ribands are now sot perpendicular to the breadth of the narrow fillet ; 
the length of which must be 1.3 or 16 feet French (16 or 17 English), to forma fowl- 
ing piece from 38 to 30 inches long. This fillet, healed to a cherry red in successive 
portions, is coiled into as close a spiral as possible, upon a mandril about two-fifths of 
an inch in diam|ter. The mandru has at one end a stout bead for drawing it out, by 
means of thAsInmer and the grooves of the anvil, previous to evenr heating. The 
welding is penoffmed upon a mandril introduced after each heat; the middle of the 
barrel being first worked, while the fillets are forced back against each other, along the 
surface of me mandril, to secure their perfect union. The original plains having in the 
formation of the ultimate long riband become ve|^ thin, appear upon the siimce of 
the barrel like Uireads of n fine aorew, with blackish tints to mark the junctions. In 
making a double-barrelled gun, the two are formed from the same bundle cMf slips, the 
coils of the one finidied fillet being tamed to the right hand, and those of the other to 
the left. 

The barrels forged, as above described, from a handle of steel and iron plates laid 
alternately together, are twisted at the forge several times, then coiled and welded as 
usual. Fifteen workmen ooocor in one operation: six at the forge; two at the 
boring mill; seven at filing, tuning, and adjusting; yet altogether make only six 
pairs of barrels per week. In the first instance, It will be understood, that, for ihe 
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consl ruction of tin superior barrels, a bundle of honc-Aoo iiallf it welded into a flnt 
bar, bimilar bars of scrap steel are made, and these arc made op into a bui4dle,-^a bar 
of iron, and a bar of steel - of eight oi twelve bars This is agun welded into one bar, 
and tlie result is, when the surface la polished, that tht diffirence in the texture of the 
ta o metals is distmctl) visible, ^ow, it two bars of iron and one of steel, or two bars 
of steel and one ol iron, or any other combination of the two* be adopted, there will 
be a varieiy in the patti rn of the finished bar. 

In consti acting the barrel this bar may be twisted np singly, as d< aeribed, or two bars 
differing m pattern may be wcldinl togethir, and then twiat^. U la usual to place ta o 
bars together, to twist one into a screw and leavi the other plain, or to give one a 
right hand twist and the other a left lianded one, or aometinies three bars are em- 
plo>(d, and by twisting or otherwiM previously to welding the bars together and 
turning or twisting the compound bar into a lylinder, a great variety of patterns are 
produLtd on tiu finished baiul 

'Ihe bretchmg is of three kinds, the common, the chamber, plug, or mortar. 
Jig, 702, and the patent, fig 70*1 The common was formerl) ustd for soldltrs* 
iiiin<(|u<.t8 and inferior pieces The se- 7^3 

(imd isatrifiing improvement upon it. . ‘v. < 

In the jiatent breeching, the screws do ^ I i 

not interfin with the touch-hole, and the *<12 

Vmtiou IS imickcr in the man chambti , ^ - "'‘TH 

Ihi* only loc^s ahich it is worth ' ; > 

while to desenbe are those upon the per- V ^ , t 

cushion primiplc, as flint locks haie V M 

teased to be cinplo^id Forsyth’s lock |> n i 

(/«/ 7641 was an ingenions contrivance W t|^ 

U has a magasine a, foi containing the de- ^ J 

ton ding flow (h r, which re voices round I j 

u roller h whose end is screwed into the I 

Imecliof thebanel The priming pow- ^ tsl 

dcr passes through a small hole m the ^ 

roller, which leads to a channel in com ty 

iiiunication w ith the chambtr of the gun \ ^ y. 

The pan for holding the priming U ^lll■|||||||^ 
placid immediatijy over the little hole ^ J 

in the roller There is a steel punch c, (1 

in the magazine, whose under end stands 

aho\c the pan, ready to ignite the priming when struck upon the top li} tbo cock d 
wbeiie*vcr the trigger is drawn. The punch, immediately nitei being dri\oii down 


— 




into the pan, is raised by the action of a spiral spring. For each explosion, the 
magasine most be turned so far round as to let fiiU a iiortion of the percossion 
powder into the pan $ aflfer which it is tamed back, and the steel punch recovers its 
proper position for stnking another blow into the pan 
The invention of the copper percussion cap was another great improvement upon the 
detonating plan. Ftg 765 represents the ordinary perenssion lock, which is happily 
divested of three awkward projeetions upon the flint look, namely, the hanuner, 
hammer spring, and the pan. Nothing now appears upon t^ plate of the loek, but 
the cock or stnkuig hammer, which inflicts the strikmg blow opon the porenasiou 


furated with a small hole. 


the patent kMaekt I 
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The Mfetj lock of Dr. Sonerrille ie, in its essential ftatufe* a dide stop or eatoh. 


765 



placed under the trigger, ktfig. 766. It is pulled forward into a notch in the trigger, 
by means of a spring n, upon the front of the guard, which is worked by a key o. 


766 



pressing upon the spring when the piece is discharged. In another safety plan there 
is a small moroble curved pioce of iron, A, which rises through an opening b, in the 
lock plate c, and prevents the cock from reaching the nipple, as represented in the 
figure, until it is dra^K n hack within the plate of the lock when the piece is fired. 

To fire this gun, two different points must be pressed at the same time. If by 
accident the key which works the safety be touched, nothing happens, because the 
trigger is not drawn ; and the trigger touched alone can produce no effect, because it 
is locked. The pressure must Iw applied to the triggi r and the key at the same 
instant, otherwise the lock will not woik. 

The old French musket is longer than the British, in the proportion of 44*72 inches 
to 42 ; but thtfMbch bayonet is 15 inches, whereas the British is 17. 

^ Eng. Dimension!. Fr. Dlmeniloni. 

Diameter of the Bore • • - • 0*75 in. 0*69 in. 

Diameter of the ball - - - - 0*676 0*65 

Weight of the ball in os. • . - i 06 0*958 

Weight of the firelock and bayonet in lbs. 12*25 10*980 

Length of the barrel and bayonet • - 59*00 59*72 

Within these few years a great many oontriTances for fire arms have been brooght 
forward, and severm have been patented. The first is that of Charles Random, 
Baron dc Berenger. Fig. 767 ahows the lock and breech of a fowling piece, with a 
sliding protector on one of the improved plana; a is the hammer, h the nipple of the 
touch-hole, c a bent lever, taming upon a pin, fined Into the lock-plate at d Tbs 
upper end of this bent lever stands partly under the nose of the hammer, and while in 
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thal tituatioD atopf it from atrikioff the nipple. A slider p/ A, oonnaotod with tlio 
under part of the gan*atoek, is attatHied to the tail of the bent lew it i i and when the 
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is broDght to the shoulder for firing, the hand of the sportsman pressing against 
the bent part of the slider at p, forces this back, and thereby nmets the end of the 
level V fbrwards from under the nose of the cock or hammer^ as shown by the dotted 
lines. The trigger being now drawn, the piece will be discharged ( and on removinar 
the band from the end p, of the slider/ the spring at h aeting against the gnard, wiU 
force the alkler forward, and the lever into the position firat described. 

Mr Red^. gon-maker, of Birmingham, introduced a modification of the lock for 
small fire-aTnih, in which the application of pressure to the sear ^ring for dischatging 
the piece is made by means of a plug, dcOTcsied by the thnmb, instead of the force of 
the finger exerted egainst the trigger. Ttg. 768 rspreeents a fowling piece partly in 
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action. The sear spring is shown at a. It is not here connected with the trigger as 
in other locks ; but is attached by a double-jointed piece to a lever 6, which toms upon 
a fulcrum pin in its centre. At the reverse end of this lever an arm extends forwards, 
like that of an ordinary sear spring, upon which arm the lower end of the plug c is 
intended to liear *, and when this plug is depressed by the thumb bearing upon it, that 
end of the lever b will be forced downward and the reverse end wUl be raised, so as 
to draw up the end of the sear spring, and set off the piece. For the sake of pro- 
tection, the head of the plug c is covered by a movable cap d, forming part of a slider 0 , 
which moves to and fro in a groove in the stock, behind the breech end of the baml 1 
this slider • is acted upon by the trigger through levers, which might be attaehed to 
the other side of the lock-plate; hut are not ehown in ^is figure to avoid oonfosion. 
When the piece ie brought to the shoulder for firing, the fore-finger must he applied 
11 usual to the trigger, hut iiierily for the purpose of drawing back the slider s, and 
uncovering the of the plug ; when this is done, the thumb it to be preesed upon 
the head of the plug, and will thus discharge the piece. A ipring bei^g agiwat 
the lever of the slider e, will, when the finger is witlidrawn from the trigger, send the 
slider fiorweid again, and cover the bead of the 'ping, as shown. 

The Rev. John Somerville, of Currie, in April, 1836, obtained a patent for aftirther 
invention to pevent the accidental discharge of fire-arms. It consists In binding 
the hammer from reaching the niMle of a peronision lock, or the flint reaeliing the 
steel of an ordinary one, by *he mterposition of movable nfoty stnfis or piniTirnlcih 
protrude from under the false breech before the hammers of tne locks* and prevent 
them from descending to strike. These safety studs or pins are moved ont of the 
way by the presmre of the right hand of the person ueing the gun only when in the 
act of flring, that is, when the ficiroe of the ri^t hand and am to exerted to preia tba 
bntt end of the stock of the gim against the riioolder while the aim is taken and the 
trigger pulled. In eari^iag the gun at rest, the proper parts of tha thamh or ha trd 
do not come over Mr. Somerville^ movable buttons or stods. 

Fig. 768 ie a aide view of part of a doable percussion guni waAfig, 770 is a ton or 

plan view, which will serve to explain these improvoasenti, and dhow oii«,ottt of 
methods of carrying them into idfeet nisthestobkofthegnntntebariiliigihe 
bieesih; Dtfaenip|fies ; x flie foke breeol^ on the nnder side ef whkhllai loafiiaaiWeli 
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work the nfetjr etude or pine are placed ; r ie the ehield of the fldee breech t o triggen | 
fi the lock-plate; and i the hammcre . all of which are oooetructed ae neiial : a a are 
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the eafoty etude or pins, which protrude before the shield f, and work through guide 
pieces on the under side of the false breech. The button piece is placed in the 
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position for the thumb of the right hand to act upon it ; hut when the pressure of the 
hall of the right thumb is to produce the movement of the safety studs, it must be 
placed in or near the position K ; and when the heel of the right hand is to effect the 
inovemente of the safety studs, the button piece must be placed at L, or nearly so. 

In these last two positions, the lever (which is acted upon by ^ button piece 
to work the safety studs through a slide) would require to be of ft diflbrent ^pe 
and differently mounted. When the hammers are down upon the nipples after dis- 
charging the gun, the ends of the siifet) pins press against the inner sides of the 
hammers. When this invention is adapted to single-barrelled guns, only one pin, a, 
one lever and button piece will he required. 

Mr. Richards, gun-maker, Hirmingham, patented a modifleation of the copper cap 
for holding the iieroussion powder as represented Jig. 77 \i In which the powder if 
removed from the top of the cap, and brought nearer the mouth ; a being the top, b 
the sides, and e the ^sition of the priming. The dotted lines show the direction of 
the explosion, whereby it is seen that the metal case is opened or distended only in 
a small degree, and not likely to burst to pieces, as in the common caps, the space 
between a and e being occupied by a piece of any kind of hard metal d, soldered or 
otherwise fastened in the cap. 

George Lovell, Esq,, Director of the Royal Mannfactoiy of Arms at Enfield, intro- 
duced an improvement upon the priming chamber, lie forms it into a vertical 
double cone, joined in the middle by the common apex ; the base of the upper cone 
being in contact with the percussion cap, presents the most extensive surface to the 
fhlminate upon the one hand, while the base of the under one being in a line with the 
interior surface of the barreli presents the Isrmt surface to the gunpowder charge, 
upon the other. In the M nipple the apex of the cone being at its top, afforded veiy 
iqjudieiously the mtnimuM. sur&M to the exploding force. 

Gum, Bi/Mg ofAu Barrufk.— The outside of nfle barrels is, ia general, ootamnal. 
After the iVkl is bored, and rendered truly cylindrical, it ia fixed upon the rifiing 
machine. This instrument is formed upon a sejuare plank of wood 7 feet long, to whiob 
is fitted a tube about an inch in diameter, with spiral grooves deeply cut internally 
through its whole length i and to this a circular plate is attach^ about 6 inches 
diameter, accurately dmd^ in concentrio circles, into from 5 to 16 equal parts, and 
supported by two rings made foat to the plank, in which rings it revolTes. An arm 
connected with the dividing graduated plate, and pierced with holes, through which a 
pin is passed, regulates foe chan«of the tube an mvingfoe desired number of grooves 
to the barrel. An iron rod, with a movaMe hanale at foe one eqd, and a steel eutter 
in the other, passes forough the above rifling tube. The rod is covered with a core of 
lead one foot long. The barrel is firmly fixed by two rinn on foe plank, standingiD 
a straight lineonfoe tube. The rod is now drawn repeatedly forow foe bniM dm 
end to end, until the entter hst formed one groom of the proper depth. The pte is 
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then ihifted to another hole in the dividing plate, and the operation of grooving ia 
repeated till the whole number of riflings is cuniplet^ The larrel is next taken out 
of the machine, and finished. This is done by casting upon the end of a small iron 
rod a core of lead, which, when besmeared with a mixture of fine emery and oU, ia 
drawn, for a considerable time, by the workmen, ftom the one end of the barrel to the 
other, till the inner surihce has bMome finely poliihed. The belt dome of ipirality is 
found to be from a quarter to half a rovoluuon in a length of three feet 

Mihtarp R]fle§. — An essential improvement in this destraotlvu arm has been in- 
troduced into the Briti^ service. 

The intention in all rifles ia to impart to the ball a rotatorv or spinning motion 
round its axis, as it passes out through the barrel This object was attained, to a 
certain degree, in the rifles of the old pattern, by cutting seven spiral grooves into the 
inside of the barrel, in the manner shown 778, tlie spherical ball,/[y. 773, being 
a little larger than the bore, was driven down with a mallet, by which the projecting 
riba were forced into the surfkce of the ball, so as to keep it in ccntHct with their 
curvatures, during its expulsien. InMei^ of this laborious and insecure process, the 
barrel being now cut with only two opposite grooves, fig, 774, and the ball being formed 
witii a projecting belt, or lonc, round its eqnator, of the same form as the two grooves, 
Jtg 776, it enteis so readily into these hollows, that little or no force is required to 
pnws it down upon the powder. 8o much more hold of the barrel is at the same time 
obtained, that mstuad of one quarter of a tom, which was the utmost (hat could be 



safely given in the old way, without danger of stripping the ball, a whale turn round 
the terrel in its length, can be given to the two moved rifles ; whereby a far more 
certain and complete rotatory motion is imparted to the ball. The grand practical 
result is, that better practice has been performed by several companira of the Rifle 
Corps, at 800 vards, than could be produced with the best old military rifles at 150 
yards ; the soldier being meanwhile enabled to load with mudi greater ease and 
deiratch. The belt is bevelled to its middle line, and not so flat as i^own in the figure. 

This mode of rifling is not, however, new in England. In fhet, it is one of the 
oldest upon record s and appears to have fhUen into disuse from flralts in the execution. 
The idea was revived within the last few years in Bronswick, and it was tried in 
Hanover also, but with a leus-shaped (LineenfOrmig) ball The Jodicious mo^oa- 
tions and improvements it has finally receive^ have brought ont all its advantages, 
and rendered it, when skilflUly used, a weapon of unerring aim, even at the distance 
of 700 yards. 

The locks, also^ for the military service generally, arc receiving important im« 
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while the ignition of the charge ic effected by percnuion powden in a copper cap. 
Mr. ]»vcll, inepeotor of imoll arme for her Mi^eety'a eervice, and director of the 
ygl Royal manufactory, at Enfield Chaae, directed hii mind to the 
construction of a sure, aimple, and strong musket, with whiebt 
under his superintendence, the whole of her Mi^esty's soldiers 
were long provided. He has also furnished them with a 
1 . ahort, but clear set of instructions for the cleaning and manage- 
Of ^ II ment of those excellent arms, illustrated by a series of wood 

engravings. From this little work the following notice is 
copied. 

Ftg. 7?7. The barrel, reduced to one-seventh size, a, the 
breech ; 6, the nipple-seat or lump ; c, the back sight ; J, the 
back-loop i e, the middle loop ; f, the swivel-loop ; p, the front 
loop, with the bayonet-spring attached ; h, the front sight; 
t, the muzzle. 

Fig. 778. The breeoh-pin, half size, a, the tang ; the 
neck ; c, the screw threads ; d, the face. 
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Fig. 779. The bayonet-spring, two ways, half size, a, the 
shank ; A, the neck ; c, the hook ; d, the mortice. 

Fig. 780. The nipple, full size, a, the cone ; A, the squares ; 
c, the shoulder ; d, the screw-threads ; e, the touch-hole. 
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Fig. 781. The rammer reduced to one-seventh sise. a, the 
bead ; A, the shaft; c, the screw threads. 

Fig. 782. The lock, outside, half size, a, the plate i A, the 
cock ; c, the tumbler-pin ; r/, the hollow fbr the nipple seat 

Fig. 788. The look, inside, half sise, showing all the parts 
in their places with the cock down at bearer, a, the main- 
spring; A, the sear-spri^ ; c, the sear; d, the tumbler; e, the 
bridle ; /, the mra-sprin^-pin ; p, the sear-pin ; A, the sear- 
spring-pin ; i, the bridle-pin. 

Barrd-wdding ig Maekmtrg. — The barrels of musqueta, 
birdin^guns, what are called plain, to distinguish them 
fbom uiose denoninated Hub or twisted harrels, have of late 
years been formed br meaps of rolls, a process in which the 
If welding is first dfeetea on a short slab of thick iron, and then 
fl the barrel is brought down to its destined length and form, by 
* ^ repeatedly pasetng It between a pair of rolls, that have b^n 
previously groowaa to the enact shape of the barrel intended 
to be made. ' 


The Iron being thorougbl j refined* ond redoeed into flat bars by the process de- 
scribed, is cut by the shears into dabq or lengths of 10 to 12 inches, and 10 to 
loj lbs. weight, or leas, aeeording to the description of ^un-barrel that is intended 
to be made. These slabs are Swfi heated, and bent in their whole length, bw 
means of conveniently goooved betiding rolls, nntil thev assume the Ibrm of roup 
tubes, of the kind of eection shdirA by A, 784. Thev are then placed on the 
hearth of the reverberatory ftiniBBib and brought to a ^ welding heat, find fit 
■non as the edges of a tube oeoM to ft semi-fluid etfite, it is taken out and peaied 
between roUs hfivlng groovqi aomewhfit smaller in diameter than the exterior nf the 
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tube, bj which meane the tube ii perfectlj welded from eud to end ) and if earo be 
taken in the management of the heat, and the juncture bo kept clear of dirt and 
cinden, the iron vill be found perfectly homogeneona in eTei 7 part, and there will be no 



api'ciiranee whatever of the seam where the the edgea came together. These tubea 
are repeatedly heated, and passed between the btfrel rolls, wliich are of sufficient 


78a 



diameter to admit of gradually decreasing grooves, the whole length of the intended 
barrel b^g indented on their snrfkees. 

To preserve the tubular form, and insure regularity in the siae of the bore during 
the welding process, they are taken out of the fiimaee, by thrusting into them a toc3 
called a mandril, b, fig, 78ri, which consists of a long rod of iron, having a short steel 
trcbletton its end, of tb<* diameter that the bore of the barrel is meant to be. Thte 
rod is so adyusted by means of a strong iron plate c, near its handle, which Isof wood, 
and long, that when passed with the heated tube on it between two tnnaveiie holding 
bars, the short steel treblett D shall be found exactly between the pointof Impaotof the 
barrel rolls, b, b. 
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mduall j tdongafed, and brought down to the exnot form required ; any anperfluoiia 
Iragth at the muaale ia then out oft The breaoh end is then adjust^ by the hammer 
— a triple-ioat welded on by band if it be intended for a pereoasion lock t and then the 
barrel ia ready to go forward to the mill to bo bored, turned, and flniahed. 

Oiin barrels formed by tliia mechanical method are found to stand proof better than 
those worked by hand, because the heat is more equalised } and any imperfMons in 
the original mau of iron are more disperaed over the whole extent of the tube. 

Of late years large strides have been made towards increasing the efficacy of mili- 
tary flre-arms. 

The first attempt to inprove the rific in use in the French arm^, was that proposed 
by M. Delvigne, an officer of die royal ex-goord {fig. 786), in which the upper 
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orifice of the chamber that contained the powder took the form of a cup, wherein the 
ball (somewhat wider in diameter) was received, and by two or three smart blows of 
a heavy-headed rammer (also cupped out for the purpose) became expanded laterally, 
and thus the rotary motion was imparted to it by the spiral grooves of the barrel in 
passing out (^olonel Poncharra suggested the addition of a wood bottom or sabot 
under the ball and a greased woollen patch ; and^ Colonel Thonvesino proposed (fig. 
787) a steel stem or pillar about 2 inches long inserted into the face of the brccch- 
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pin ; round this pin the charM of powder was received, and the diameter of the ball, 
when resting on the top of the pin, was enlarged by the blows of the heavy-headed 
rammer, as suggested by Delvigne. 

This system took the name of ** Carabine k Tige,** and has been very generally intro- 
duced for the service of fusilier battalions in continental armies ; very ^ve otjections, 
however, have been found against it in use, from the impossibility of keeping the ohambe r 
(or part round the pin) clear ; and from the severe labour to the soldier in ramming 
down and enlarging the diameter of the ball sufficiently to insure the rotary motion 
desired. 

But if the ultimate results thus attained with spherical balls turned out not entirely 
satisfimtoiy, it was made clearly manifl^ in the course of the experiments carried 
on, that no insuperable difficult stands in the way of rendering the fire of infontry very 
much more accurate and ^werfol, by the use of rifled barrels throughout the army, and 
thus leading to a verification of the prediction mede by Robins above one hundred years 
ago, that ** whatever state shall thoroughly comprehend the nature and advantages of 
rifled barrel pieces, and having fauilitated and completed their construction, shall in- 
troduce into their armies their general use, with dexterity in the management of them, 
will by this means acquire a superiority which will almost equal any thing that has 
been done at any time.'* 

Bat besides smoothing the way to such an essential improvement, it has been elicited 
of late years, that when the aoonincy of flight is secured by the rotary motion derived 
from the ri^ffiLthe ballet, instead of being limited to the form of a sphere as hereto- 
fore, may, uPlKceitaiii limiCi, be elongated with considerable increase of destmetive 
^eot ; and with an angmentation of range very much beyond any thing that has 
hitherto been considered to lie within the reach of small arms— placing them, in fkot, 
with reforence to artillery and cavalry, in the first place instead of the last 
An immensely extends field has thus been opened to experimenters. Ist Mens. 
Didion proposed atraeoral (fig. 788)a8the best form of ballet lo that, when shortened 
by the blows of the heavy rammer and widened in its diameter, it might be brooght 
neurer-to the spherical shape befivre leaving the hancL 
2nd. Mens. Delvigne took a patent for a bullet (fig. 789) under the derivation of 
Cylindro Ogivale ; ” it had a oonioal opffiring behind, in which he imagined that the 
force of the powder would exert itself with sumeieut energy to expand & lead perma- 
nently, and so make the hall tike the fiofotoey movement derived mm the rififaig, with- 
out any fatigue to the soldier in loading: with this prdeotile, indeed, the apermmie 
but slightly more difficult than with the ordinary cartridge and smoodi banria. 
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TheMlet 790) of the** Carabine 4 Tige” wat callid Qylindfo Coolqne/* and 

was laid to ponwa tliii advantage over the precediogi that, heUig brought more to a 
point in front, it bored iti way through the air with greater eaa^ and thui retaiued 

788 789 790 791 798 



greater telocity, and of eonrae, more extended range \ and with thia bullet it waa that 
Mona. TamiNier iairadueed three aharp-edged ohannda round It* which he atated v^ero 
neceaaary to keep ita flight ateady, by offenng a reaiatance to die action of the air. 

Finally Ilona. Mlnid* an <^eer of the Freneh line, aaggeated {Jig* 791) the addition of 
a dcnoyan or enlot to the hollow ball of Delrjgne. Thia. in the form of a little c^up 
made <n iheet iron* ia placed in the orifioe of the conical hollow of tlie ball behind, and 
by the f/attgj of the powder ia driven into the ball, enlarging ita diameter permanently, 
and thoi givmg all the accuraey of the rifle, with nearly the aame facility of loading 
aa with the phun barret 

The principle of the invention, aa thna developed, baa, we learn, been adopted by our 
government fbr the general nae of the army, aeeing that it offera ao great advantages 
over the system of ^n barrels, but the bullet {fig* 792 ), aa modified by the Inspector 
of Small Anna, baa on ita exterior no channela, they being found not only uieleia aa to 
steadying the flight of the prtfleotile, but absolutely injurious in lowering ita velocity. 
The balm in ita improved form to^ being more truly balanced in ita proportions, 
and made by mechanical means instead of by casting, baa no tendency to the ^rations 
whieh appear to have ao pussled French arulleriats, and for which they have invented 
the word ** derivation,” and wasted much learned disqaisitioo. 

But even if it were ever to happen, which ii not likely, that these variooa prq)eotora 
could be brou^t to agree aa to the best form of projectile, they will then find out, 
that although by the general introduotion of rifled and elonnted bnlleta an immense 
advantage has been realiaed over plain barrels, their plans, med as they all are upon 
a system of loading at the mazxU, are at best but one step in advanee \ and that a good 
aouid militaiy fire-arm loading at the breach will, after all, remain the great desideratum 
— an arm flud, without aoy leaa accuracy or power to reach masses of artillery or 
cavalry at a thousand jards^ distance, wUf enable the soldier to triple the quantity of 
hia Are at any moment that he may be called upon to repel a char^ of cavalry or 
attack or defend a breach at close quarters ; of such simple oonatnietion, and ao easily 
handled in every position of the body, that the soldier can pour every shot of hia mgk 
marderana fire upon the enemy wito unerring precision, whilst he himself may lie 
coolly behind a stone or in a ditch in entire seounty. 

Theae are no longer wild imaginings, although so many hundreds of attempts towards 
the asms ohfeot, tma the earliest period to the present day, have been one after another 
seen invariably to fkU. The Germans have bm kNig and ateadily panning the great 
obfeot, until at length Heir Dreyaa. of fifimmsida in Thuringia, has sneoeeded. after 
more Uum twenty yean of oootinued labonr, in establishing a mnsquefi, under the name 
of ** Zandnadelmehr,” whidi if not qiflte perfect, is ao well adapisd Ihr the uses fo 
which H is apmied that toe Prnssiana have armed the whole of their line and the 
Ismdwehr with this weapon. 

The needle mnsket (/p. 798) oonrists of a strong aochet a, open on the upper side 



andioiewedontothebarreld^wlddhisrifledinUieusiMlmaaueri within thia aoehef 
ia a slider e,wMeh in feet oonstltotes the took, ns H contains thaspim ipringaiid 
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mecbantiro that nrodaoe ignition by pcrcnsaion ; it has a sl«mt hebel, or handlt?, by 
which it if moved backwards and forwards freely. The cartridge (Jig, 794) consiiHN 
794 of the ball a, the sabot 6, or bottdm of hard paper, and holding the 
priming matter, and lastly the charge of powder e, the whole being made 
lip in paper pasted toother. In nse the slider being drawn back, the 
soldier puts the cartridge with the point of the ball in fh)iit into the 
open breach of the barrel, pushes the slider forward, and secures its 
elose junction by a turn to ^he right against an inclined edge of the 
open socket The spiral spring is then brought into action by pressing 
the qiring case forward with the thumb. 

To Captain Drajson, H. A., we are indebted for the following. I'he 
Enfield rifle, which has lately been approved of for the use of the army, 
is constructed princiiially by machineiy. 

The fketory at Enfield, at which this armih manufactured, is considered 
one of the most complete establishments in the world. 

The liarrel, lock, wood- work, furniture, and ha>onct are all constructed 
at Enfield, and as each portion is made exactly of the same sise and shape, 
a part of one rifle will fit into the same part of another. 

The total length of this weapon, including bayonet, is 6 ft. OJ in. long, 
and weighs 9 lb. 3 oz. ; the barrel is .1 ft. 3 in. in length, aud weighs 4 lb 
S oz t the diameter of bore is *.^77 inch. The bullet is elongated, and rotates on leaving 
the piece like a spherical bullet. The general figure of the bullet is cylindrical, hut its 
end is rounded, and its rear end has a conlcal-shapcd cavity. In the Mime 
rifle, some of which wen* introduced into the scrvici*, a small iron cap was placed in 
the hollow at the rear end of the ball for the purpose of causing the bullet to 
expand, hiit in the Enfield rifle this opening is filled by a wooden plug insteail. 
This diminishes the fouling of the bore, and answers all the piirpuses of expansion. 

The bullet is ‘RGB inch, length 1*062 inch, weight 530 grains. The barrel is proved 
at Enfield, and when flaws are supposed to exist ns much as 1 5 drams of j^wder 
have been fired, without bursting the barrel. The service charge is 2^ drams. The 
weight ^ 60 rounds of aminunition including 75 caps is 5 lb. 8 oz. j 
The bore has three grooves, euch groove forms a spiral of ][ a turn iff 8 feet 3 inches. 
The rifle is sighted up to 900 yai'ds, but au efTcctivc range may be obtained beyond 
that distance. 



The system of riflingb) grooves is the plan which has been generally employed, and 
794 ti niaiiy cxpei imcnts with dilferent numbers of grooves, some of varying 
deptiis, being deeper at the breech, and with different turns; some in- 
creasing tow ards the muzzle, have been tried, and thought advantageoua, 
at various times. The Enfield rifle has three grooves, with a pitch of 
6 ft. 6 in., so that the bullet receives half a turn round its axis while 
moving through the barrel, the length of which is 3 ft. 8 in. The 
bullet is cylindro-conchoidal; it is wrapped in paper, and made of such 
a diameter as to pass easily down the barrel. It requires very pure lend, 
to allow of its Mng properly expanded, or “upset,” by the explosin 
and is driven partly against the original portions of the bore, called 



and is driven partly aninst tbe original portions of the bore, called 
the Jandn^ and piMly In the form of raised ribs, is forced into the 
grooves, whose i^iral shape gives the required rotation. The Enfield 
bullet is shown in the annexed figure. It is conical in shape, and 
has its back end recessed for the insertion of a box-wood plug. 
This plug, driven forward at the first shock of the explosion of gun- 
powder, expands tbe lead until it fills the grooves at the breech. 
{Fw, 794 n.) 



prime eost of a finished Enfield rifle is stated to be about 2/. 5s. ; 
to 1,800 rifles per week are at present made at the 
^^nfield rifle factoiy. 

Since the remarkable proof, which has been obtained during the ** seven days* war," 
of the advantages posseiwed by the Prussia needle-gun, our War Office has directed 
that all the fire-arms supplied to our army shall be breech-loaders, and the Enfield 
factory is now fully enga^ in the conversion of tbe ordinary Enfield into this form 
of weapon. 

WhitiDorth*9 Rtfle,—Thw fire-arm, and the principles on which it is constructed, can- 
not be better described than by adopting, to a great extent, the words of the inventor: 
In the system of rifling which I have adwted, the interior of tbe barrel is hexagonal, 
and instead of consisting pnr^ of non-enective /onds, and partly of g!rooves, oemsisli 
of effective rifling surims. The angnlar comers of tbe hexagon are always ronnded, 
as shown in section, 7945. which shows a cylindrical bnllet in a hexagonal birrs|» 
The hexagonal bullet, which Is preferred to the cylindrical one^— although either 
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nmy l)o nseil,— as shown in fig. 794 r. Soppoting, howcvor, that a ballet of a ojlindrical 
shape is fired, when it begins to expand it is driven into the receises of the hexagon, 
as shown in Jfig, 794 b. It thus adapts itself to the ourves of 794 5 

the spiral, and the inclined sides of the hexagon offering no 
direct resistance expansion is easily effeotud. With all ex* 
panding huliets proper powder must be used. In many cases 
this kind of bullet has failed, owing to the use of a slowly* 
igniting powder, which is desirable fbr a hard mstal projeo* 
tile, as it causes less strain up«m the P^soe ; but is unsaltible 
with a soft metal expanding projectile, for which a qoiehly 
igniting powder is nbsolntely requisite to ensnrs a complete 
expansion, which will fill the boru:^ unless this is done the 
gases rush past the bullet, between it and the barrel, and tba 
litter becomes foul, the bullet is distorted, and the shooting most be bad* If the pro- 
jectile be mode of the tame hexagonal shape externally, as the bore of the barrel 
internally, that ia with a mechanical fit, metala of all degreea of hard- 
news, from lead, or lead and tin, np to hardened steel, may be em- 
ployed, and slowly-igniting powder, like that of the aerrice, may be 
used. As we have already stated, the Enfield rifle has one taru in 
(> ft, 6 in. ; that is^ the ballet rotates once on its axis, ih passing over 
thifi space. This moderate degree of rotation, according to Mr. Whit- 
u onh, only admits of short projectiles being used, as long ones turn 
over on issuing flom the barrel t and, at long ranges, the short ones 
lM*'‘'ime unsteady. With the hexagonal barrel much quicker turns 
are used ; and 1 can fire prcjectiles of any required Icnmh, as, with 
the quickest that may be deairablc, they do not * strip.’ 1 made a 
short barrel, with cue turn in the inch (simply to try the effect of an 
extreme velocMty of rotation) and found that 1 could fire fh>m it me- 
ehanicidly-fittuig pro;,ectiles, made of an alloy of lead and tin } and 
with a charge of 31 {^ins of powder they penetratc^d through 7 inches 
of elm planks.** 

** For an ordinary military barrel 30 inches long, I proposed a '45- 
inch bore, with one turn in 20 inches, which is, in iny opinion, the best 
for this length. The rotation is sufficient, with a bullet of the requisite 
specific gravity, for a range of 2,0U0 yards. The gun responds to 
every increase of charge, by giving better elevation, from the service charge of 70 
grains up to ISO grains; this latter charge is the largest that can be effectually con- 
sumed, and the recoil then becomes more than the shoulder can conveniently bear 
with the weight of the service musket.*’ 

The advocates of the slow turn of one in 6 ft 6 in., consider that a quick turn 
causes so much ft-iction as to impede the progress of the ball to an injurious, and 
sometimes dangerous, degree, and to produce loss of elevation and range ; but Mr. 
Whitworth's experiments show the contrary to be the case. The effect of too quick 
a turn, as to frictiun, is felt in the greatest degree when the prcjectile has attained its 
highest weloeity in the barrel, that is at the mnszle, and is felt in the least degree 
when the projectile is beginning to move, at the breech. The great strain put upon a 
gun at the instant of explosion is due, not to the resistance of motion, but to the vi$ 
tnertia of the projectile which has to be overcome. In a long barrel with an ex- 
tremely quick turn, the resiblunce offered to the progress of ttie pi^ectile as it is 
nrged forward becomes very great at the mnssle, and although moderate charges 
give good results, the rifle will not respond to increased charges by giving better 
elevation. If the barrel be cut shorter, an increase of cbaige then unproves ^ 
elevation. 

There doei not appear to have been, even yet, any thoroughly satisfeotory experi- 
ments on the degree of motion which it is necessary to impart to the to 
insure a flat trqjection, and to overcome the dMerant mines which are oontinually 
interfering with the correctness of aim, with even the best rifle. In the exwiments 
with Armstrong's and Whitworth’s cannon, some very satisfeetory reralti have been 
obtained, and much information may be gained by stadyiag the experiments quoted 
in the article on Abtiulert. 

A professional writer, well qualified to Judge of the matter on whidk he wrote, haa 
made some striking remarks on the Whitworth rifle in the Medkauctf MagaaBuiM, 
After pointing opt the small importance of a high prime coat In the ease of so 
durable a weapon as the rifle in queatlon, he rms to ^e fMgth of the metal 
used. 

In illustration of its great strength, this feet is quoted. Mr. Whitworffi mt into a 
rifle bai^l, one inch in diameter at the breech, with a htnre of 0*49 inch, a 
plug 18 inches long, as tightly as it eonld be driven home npoa the diarge. It was 
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fired with an ordinal^ charge of powder, tad the leaden ping being expanded bj the 
exploiioD remained in the barrel, the gaaea generated b/ the ganpowder all paaaing 
out through the touch-hole. With each atrcngth great durability moat of neceaaity 
co'OxiM, unteaa the quick tom of the rilling aho2d tend to ita rapid deterioration. 
Hut thia la not the caae, Mr. Longridge'a elaborate inreatigationa haring proved that 
the amount of the force aapended upon the rifling of the Whitworth rine acaroely 
eaeeeda two Mr cent of the total force of the powder. 

Perhapa too moat remarkable teatimony which haa been borne to the merita of 
thia rifle ia that of General Hay, the director of muaketry inatmction at Hythc. 
After admitting the auperiority of the Whitworth to the Enfield in point of accuracy, 
General Hay aaid there waa a peculiarity about the Whitworth amalUbore riflea 
which no other aimilar arma had yet produced,— they not only gave greater accuracy 
of firing, but treble power of penetration. For apecial purpoaea, any deacription of 
hiillet could be uaed, fVom lead to ateel. The Whitworth Hfie, with a bullet one- 
tenth of tin, penetrate Sfl planka, whereaa the Enfield rifle, with which a aoft bullet 
waa noceaaary, only penetrated 12 planka. He had found that at a ran^eof 800 yards, 
the velocity added^ to the harden^ bullet gave a power of penetration in the pro- 
portion of 17 to 4 in fkvour of the Whitworth rifle. Thia enormoua penetration ia 
of the higheat importance in a military weapon. In firing through gabiona, aandbw, 
and other artificial defences. Mr. Bidder, rresident of the Institution of Civil En- 
gineera, aays, the Whitworth small-bore rifle, fired with common sporting powder, 
would never foul so as to render loading difficult He had himself fired 100 rounds 
one day, 60 rounds the next, then 40 rounds, and so on, and left the gun without being 
cleaned for ten days, when it fired as well aa it did on the first day. The words of 
Mr. Whitworth aa to the applieation of his principle to the Enfield weapon must be 
quoted in answer to the objections of cost, &c., urged against it ** With regard to the 
cost of my rifled musket, which has been suted to be an impediment in the way of 
iu adoption for the service, I majr state that tliere would be no difficult in adapting 
the machinery and plant already in operation at Enfield, or any requbite portira of 
it, for making rifles on my system. The change would not cause an increaaa In the 
manufacturing expenses; and, supposing the quality of the workmanship nd the 
materials to remain the same, the advantages arising from the use of my bore and 
turn, and hard metal prqjectiles, would double the efficiency of the rifle without 
increasing the cost" 

Amongst arms requiring some notice from ns, the more remarkable, aa involving 
some excellence in construction, or peculiarity in principle, are the following:— 

Cc/f's Hepeating Itifit. — This weapon is eonstrncted mainly on the principle which 
was introduced by Colonel Colt, in his ** revolvers,*' to be noticed presently. The 
Secretary of War of the United States reports as follows on thu arm, which is shown 
in > 89 . 794d^ and In section^ 794e. 794/ is a vertical section of the revolving 

barrels, and/p. 794 y the wiping rod. 

** The only conclusive test of the egeellence of the anna for army purpoaea ia to be 
found in the trial of them by troopa iu actual service. Colonel Colt’s arms have 
undergone this test, and the reanit will be found, in aomo measure, by reports of 
General Harney and Captain Mar^t used them in Florida, against the Indians. 
These reports relate only to the but are clear and aatisfoctory. * * * * A 
Ixiard of officers recently assembled to consider the beat mode of arming our cavalry, 
made a report showing the present appreciation of the arm by officers of the army 
■tanding deservedly high Ibr their aervioea, experience, and intelligence." 

fn itt internal construction thia rifle diflbrs in aome reneeta from the pistols 
and early revolving riflea. The eatoh which eauai’S the breech cylinder to revolve, 
instead of acting ag iifllt ratchet teeth, and on the cylinder itself, works in teeth cut on 
the circumference efiPlb cylinder end of the baae-pin, in sueh a manner, that the base- 
pin rotates with the oylmoBr itself, being looked by a small mortise in the cylinder; 
and the stop-bolt gears into oorrespondhig notohes, also out in the endof the hose-pin, 
and thus looks it when required. This is an improvement in the arrangement of these 
weapons, and hy a simple arrangement, the email sprmg eatob, which, hj means of a 
eireular grore in the front end m the heee-pin, keepe it in plane, is immediately re- 
leased by pressing on a small stud, and the cylinder eaa he instantaneonsly removed 
or replaced. Instead of the pin, which, in the pistol, is used to let the hammer down 
on, when earrying it, a small recess is eat between eseh nipple, in the eylinder itself, 
into which the hammer flta when let down, and makes security doubly aecurOi 

Tho rifle is provided with two rights ; flie ordinary leaf-sight usually employed it 
also provided. The hinder right Isa4justalde to euit long or varying rangee, and the 
front sight is that known as the head right, wbieh conriita of a email sM needle, 
wifo a litfle head npon H, like the heril ef aa ordinary pia inolo^ to a el^ 
aiming with this sight, the eye is directed ihrough a minute hale to tM 
ahding piece of the hinder sight, to the small head to the tube, which head diould 
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cover tbe mark aimed at j and tbia tight affords great aooaraoy in shooting. The 
wiping rod, which ooonptM the position nsnalljr allotCad to the ramrod, in muzzle 
loaders, is ingeniously oonstruoted so as to admit of being len^henGd. In its interior, 
which is hollow, slides a slight steel rod, in the end of which a screw thread is cut ; 
on drawing out the rod, a tarn or so of the hand in one direction, enables this steel 
rod to be drawn out to a length, as nearly as pouible that of the outer case, and a 
few turns in the contrary direction, fastens it firmly in its place ; thus enabling it to 
be used with as much facility as if it were solid. When done with, the reversal of 
the former motions enable the rod to be returned to its original dimensions, and it 
can then be returned to its place. This weapon has a real business-like serviceable 
appearance, and its weight varies, according to the length of the barrel, firom 8 lb. to 
10 lb. each, with five and alz shots. 

Colonel Colt has introduced a now shot gun, which is adapted for being loaded alter- 
nately with shot and balL This is adapted for colonists, enabliug him to use the gun 
as an ordinary sporting weapon for birds. &c., or for more deadly purposes. The ball for 
('olt’s rifle is shown by/m. 794t, 794A. 

IjancoMier'tt Eliij^ie — So called, although the Elliptical rifle is very old. 
The bore in this rifle is slightly oblate < the twist found, by experience, to be most 
advantageous is one turn in 62 inches, the approved diameter of the bore *498 inches, 
the len^ of the barrel being 32 inches. An eccentricity of *01 inch in half an inch 
is found sufficient to make the bullet spin on its axis to the extreme verge of its flight. 
The length of the bullet found to answer best with these rifles is 2^ diameters in 
length, with a windage of four or five tliousandths of an inch. 

Majttr Nuihalta Rtfie. — In the ordinary mode of grooving rifles, sharp angles are 
left between the groove and ** laud ** (thcMo parts of the smooth bore left in their origi- 
nal state after the process of grooving has been completed). These create great 
iViction with the prcgectile, both in loading and discharging. Migor Nuthall removes 
these o1)|ections by rounding off the lands ** into the grooves, that is, making them 
a series of convex and concave carves, the bore assuming a beautiful appearance to 
the eye, for the smoothness and evenness with which the lands and ^ooves blend 
into each other. f 

There are also General Builcau's rifle, and some others, which our space will 
not admit of our noticing. 

Bretch-loadtng have been introduced, and they prove so satisfactory that 

the principle of breech-loading ib applied to ordinary fowling pieces. Prince's breech- 
loader has been highly recommended. In this rifle, 794f. the barrel has attached 



to it a lever with a knob at ito end, kept in its place and locked by a little 
bolt attached t^hl^ bow of the guard. In order tt> load, the stock being firmly 
grasped under arm, the catch is released, and the knob attached to the lever 

is drawn to the ri^t, and almost simaltancously pushed forward. The lever being 
firmly connected with the breech end of the barrel, the whole of the barrel is thus 
slipped forwwrd in the stock, to the extent of about three inches, disclosing a steel 
cone, provided on either ^e with inclined planet, forming a segment of a screw, and 
locking tightly into slots at the breech end of the barrel. The cartridge is dropped 
into the open space at the extremity of the cone, the lever is depressed, pulled badt- 
ward, and then pushed into its place. The barrel and cone are thus tightly locked 
together, and until they are in this poaition the gui cannot powibly b^ fired. It is, 
therefore, obvious, that in strength and security this rifle is not inferior to any. At a 
trial at Hythe, Mr. Mnoe fired 190 roonds in less than eij^hteen minutes,* showing the 
vapidity of loading which this weapon admits of. The rifling preffirred by the Inventor 
is a five-grooved bore rather de^y out, the twist being three quarters of a tom in 
three feet The London gunnakeri have oertifiqd to the great merita of Mnaa*s 
breech -loading rifle. 



FIRK ARMS. 


317 


Prince's otrtrid^ is an ingenious inTentionf it can be used either withamnssle or 
with a breech-loader. The eartrito ia made of gna-psper, produced in the manner 
described for making gun>ootton. The spark fires this with the powdert and if the 
paper is pure there u no uh left from its eombvuMion. Mr. Prince is twinging out 
a new breech-loading rifle which is simpler than any yet prodttced* His practical ex- 
perience in such matters, extending over more than a quarter of a centu^, combined 
with the success he has already attained, causes any rah arm emanating ftom him 
to be regarded with considerable attention. The breeeh Is opened by a half turn of a 
lever, and closed by a corresponding moTcment Either common ammunition or a 
flask can be used in loading. The barrel is a fiitnre ; a chamber being attnched 
to the breach end, so that existing mussle loaders may be readily converted. For 
cavalry a simple addition is made to the arm, so that the cape are placed on the nipple 
in the act of loading. 

7eiry*« Bneck-Hoadinq differs ftom Prince's In having the barrel fixed. 
There is an opening at the base of the breech, which being lifted by a lever discloses 
a receptacle for the cartridge. 

Mr. Wutiiqf RichardM^ Mr. JanMa Leetch^ and some others have introdoead breech- 
loading rifles. Of the former. Colonel Wilford says : ** The weapon manufactured by 
Mr. Westley Richards is a perfect wonder. 1 saw a small carbine, weighing only 
5^ IbSn fire better at 800 yanla than the long Enfield.** 

In the rifle by I^tcb the opening for the admission of the charge is in front of 
the chsmber; consequently the shooter has all the seenrity that the aolidity of the 
breech can import 

Retnloera or Bepeaiwg Pistoh.— The fome attached to Colt's revolvers, Jia. 1660, 
renders them so well known as to require but little introduction necessary. Although 
tbo invention of revolvers of course cannot be ascribed to Colonel Colt, their adaptation 
to modem requirements, and their general use, are undoubtedly due to his extreme 
energy, nerseveranoe, and skill, snd to him, therefore, every credit ought to be given. 
This make is now extensively used in the United States, and indeed in almost every 
comer of the world, and seem not to lose favour anywhere. In Turkey, Egypt, 
Bnixil, Pern, Spain, Holland, Pruraia, liossia, Italy, and Chili, as well as the United 
States, and our own country, they have been and are extensively used and approved ; 
and we are given to understand that 4U,000 of them have been supplied to our au- 
thorities, and have been served out and used in the Baltic, in the Crimea, in China, 
and in India, with the utmost effect. The shooting with Colt's arms is highly satis- 
factory. With Colt’s revolver you can make first-rate shooting, and be perfectly 
satisfied with its action. As a proof that it is not liable to get out of repair, we need 
only state that the American Board of Ordnance had a holster pistol fired 1200 times, 
and a belt pistol 1600 times, without the slightest derangement. The penetration of 
the first named was through 7 inches of bom, and of the second through 6 inches. 

The barrel is rifle-bore^ The lever ramrod renders wadding or pau£ unnecessary, 
and secures the charge against moisture, or becoming loose by rongh handling or hard 
riding. The hammer, when at foil cock, forms the sight by which to take aim, and 
is readily railed at full cock by the thumb, with one hand. It has been tested by long 
and aetnal expoienoe, that Colt’s arrangement » snperior to those weapons in 
which the hiauner is raised by polling the trigger, which, ia addition to the great 
danger firom acoidentsl discharge, the strength of the pull necessary for cooking, 
inteneres with the correctness of aim, which is of so moch importance. A very 
cflhctusi provision is made to prevent the accidental dischaigc of foil pistol whilst 
being oanied in the holster, pocket, or belt Between etch nipple (the position of 
whiA seeuies the caps in their places) is a small pin, and the point of the hammer 
has a corresponding notch ; so that if the hammer be lowered on the pin, the cylinder 
ia prevenfed firom revolving, and the hammer is not in contact with the perenssion cap, 
■o that, even if the hammer be stroek videnUy by accident it cannot explode 
the cap. 

The movements of the reviving chamber and hammer are ingeniondy arranged 
and combined. The breech, oontaining six cylindrical cells for holding tbs nowder 
and hall, moves one sixth of a revolution at a time i It can only be fixed wnra the 
chamber and the barrel are in a direct line The base of the cylinder being cut ex- 
ternally into a eixcnlar ratchet of six teeth (the lever which moves the ratchet being 
attached to the hammer) ; as the hammer is raised in the act of cocking, the oylinto 
is made to revolve and to revolve in one diraetion only ; while the hammer is foiling 
the chamber is firmly held in position by a lever flt&l (hr the purpose j when the 
hammer is raised the lever is removed, and the chamber is released. 8o hmg as tbo 
hammer ramains at half cock, the chamber is free and can be loaded at Measure. 
Revolvers by Raw, by Adams and Dean, and others, have bean intraduoed. They ate 
all so similar in principle that they need not be described. 
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FIRE BRICK& SmBbicki. 

FIRE CLAY. 860 Gi«at. Undar th6 direetion of Dr. Peiw, m extentlfe leriea 
of Boilyfef of dre-diyi were made in the Uboratort of the Mnsettm of Practicel 
Oeolcigj. From theee, m publiebed In Dr. Perey’e MetnUurgj, the following more 
impeiiut hare been eeleeted i — 



Slot. 

A1«0>. 

KO. 

CoO. 

MfO. 

FaO. 

F«iOS. 


Water 

Hjiro- 

icoplc. 

Stourbridge • 

65*10 

82*22 

Rg 

0*14 

B 9 

1*99 


7*10 

2*18 

Corogreaves - 
Brierley lim - 

57*81 

28*58 

0*44 

Eni 


8*83 

— 

8*58 

2*26 

51*80 

80*40 



0*50 

4*41 



13*11 

Olascote, near Tam- 
worth - - - 

50*S0 


2*32 


0*36 

0*44 

3*58 

9*69 

8*00 

Stannington, near 
Sheffield - 

48*04 

Bil 

1*94 

0*66 

0*45 


3*05 

11*16 


Newcastle 

65*50 


2*19 

0*67 

0*75 

— 

2*01 



Teignmouth, Devon* 
Poole, Dorset - 

5S 06 

STSiKl 

8*29 

0*48 


— 

8*37 


2*56 

48*99 

32*11 

3*31 

0*43 

0*91 


8*34 

9*63 

2*83 


67*19 

21*18 

2*08 

0*32 

0*84 

— 

1*85 

4*88 

1*39 

Glasgow ... 

66*16 

82*54 


1*48 


5*81 

— 

8*14 

— 

Ireland ... 

79*40 

12*25 

— 



— 


5*20 



FIRE-DAMP ; the eaibaratted hydrogen of coal minee* produced, in eome oaeei, 
by the elow deoompoeitioB of the coal iieelf » In othen, it ie probably the remit of the 
ehangee in the eonatitotion of the regetable matter of which the coal itaelf ie formed, 
which hae been oondned under great prefinre in the interstitial spaces of the coal 
or roeka immediately in eonnection with them. The acciimulation of this gas in the 
** goaf,*' or waste spaces of a coal mine, is probably due to the changes which the 
coal itaelf undergoes. The sudden outbursts of this gas, known as ** blowers,** are no 
doubt the result of the liberation of the gas by suddenly removing the pmssnre under 
which it has been confined. This gas is the constant product of the decomposition of 
carbonaceous bodies under water } it has hence been also called marsh gas. It is a 
pTotocarburetted hydrogen, its formula being C*H*. 

Thiscarburetied hydrogen gas does not explode when mixed with air In a propor- 
tion much above or below tlm quantity necessary for complete combustion, with 
three or four times its volume of air it does not explode at all, with five and a half or 
six volumes of air it detonates fbebly, and with seven or eight most powerfhlly. 
When mixed with fourteen volumes of air the mixture is still explosive, but with 
larger proportions of air the gas only burns about the flame of the taper. See SirsTT 
Lamp and MiNiiia 

FIRE-DAMP INDICATOR. Fire-damp or Grtspa of the French is a neat 
source of danger to the eoal-miner, Ibr, when mixed with certain proportions of air, 
it forms a mixture which meeting with n naked light explodes, occsiionaUf eansing 
great destruotion to life and propnty, while ita pTMoets of combustion poison those 
whok although stunned by the ooneuseioB, would yet recover if conveyed Into n pure 
atmosphere, themfere its nwe e n oe is a twofeU aouroe of danger. If the gaa to the 
extent of 6 per cent be mixed with ntasosi^erio nir, and be long inhaled, it producee 
no remarkable effect, except perepimtiQii, whieh becomes profuse if the amount of 
flre-damp reach 10 per cent, ; if it at|U tncfeaee to 15 per coat., and he inhaled for 
half an hour, a peculiar bodily helplnsi fceUng euperyones, which makes one feel 
diepoeed to Ue^ one’s beek, nad Iho eyelMs tlimle and smart These feelings 
paee off in a fliminutee, If feedi nir be teoathodT In an atmoqibere containing 
S5 per cent, of flre-damp a man mav atUl brsithe for some ooaeiderable timn. The 
writer of this article remained in snob an atmos^ereftir five minntea making experi- 
ments, without other inoonvenience than afeeRng of mental lasaitndo— other words 
do not convey the exact sensation i but in an atmosphere more ftilly charged with 
flre-damp, probably 88 per cent, he became helpleaa before he eonld detemnine the 
amount per oent present even in three attempts ; that Ie, in shorter time than sixty 
seconds. * 

The phyeicel eharaetere of flre-damp vary greatly in diffbrent mines; inaomeoaaee 
being present to execUy the same amonnt per oent, it will explode violently in the 
lamp with a bliek, in others quite ^etl / 1 the miners call it a **tbaip gas,** or a 

alow gas,** u the case mqp W its odour varies greatly, and a oiieninitsnoe of 


* ilili risf ii ahlppsd at TsistinSeUi. but It li obtained fromNswton Abbot or Bover Tnwof. 
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much importaiiee in another ^nt of Tiew, is that ito diffusion rate u ragarda time 
▼ariet in different pits; in one pit it will diffuse into a vessel in forty-five 
seconds, in another in fifty, while in a third it may take siztv seeondsi the hygro- 
metno state of the gas appears to cause these variations, lor in dry die the time is 
longer, or appeared to be so in these cases, than in pits whose al|mis|»sia waa at the 
dew point. The writer of tliis paper is of opinion that the cireoiMtanaea nttending 
fire-damp in mines require investigation, as there are nsany pobls lo ha doddated, 
by experiments to be made in the pits. 

Fire-damp is a mechanical mixture of oarbnretted hydrogen, nltroM, and oarbonie 
acid, in varying proportions. The carburetted hydrognls the onlv anbstaaee with 
whi^ we have to deal in fire-damp, because it Is this anbatanee that, when mixed 
with atmospheric air, becomes explosive ; in the act of combustion Us eaibon IbialDg 
carbonic acid, and its hydrogen water, both of whidi at the moment of ibmation 
are gaseous, and at a high temperature, therefore, oeenpy a larger snaee than wae 
formerly occupied bv the mixed gasee— in other words, it explodes, and gives rise to 
all the facts so well known. 

In apsaking, then, In futnre of fire-damp, we allude only to the oarbnretted hydregen 
or marsh gas contained in the mixture, that alone being the combastible snbetenee ; 
a proposition to be noticed, because our figures will appear to bo different to those 
obtained by eome who have taken the compound subetance. Firs-damp is a chemical 
compoimd, odienrise known by the name of mine gas, or as marsh gas, and is com- 
|)osed of one equivalent of carbon, with two eqnividentt of hvdrogen i it is a light 
substance of epeoiflo gravity 0*559, air being 1*000, and, by its levity, has a tendency 
to riii* to the nppennoet part of a gallery. Notwitbstanding the law of diffusion, 
the lower contain lesa than the upper strata in a chamber, but the writer found, 
in a nitum air-way in the Hetton colliery, a uniform atmosphere of 3 per oent. of 
fire-damp. It is combnatible, forming carbonio acid and water. 

In the same manner, while epeaking of choke-damp,*’ *' after-damp,** •• black- 
damp,'* ** dampie,*' ficc., we allade only to the carbonic acid which is contained in 
the compound which passes under so many names, according tp the aource whence 
it ocenrs, for in all cases It is a mixture of carbonic acid, watery vapour, and nitrogen, 
in vatying proportions. 

CarDonic acid gas is a chemical subitauec, composed of one equivalent of carbon 
and two equivalents of oz) gen ; it is a dense gas of a poisonons nature, having a specific 
gravity 1*524, ; its density causes it to flow to and accumulate upon the floor of a 
chamber. In an atmosphere, containing 10 per cent, of carbonic acid, life can be 
maintained for a short time only, and a candle for a still less time ; indeed. Dr. 
Angus Smith has observed that 8 pi^r cent is fatal, if the amount of oxygen falla 
bolow 18 per cent in the same atmosphere. 

We have thus spoken of fire-damp and of carbonic acid, because we are xbciit to 
explain Mr. Anaell*s proposition for giving warning of the existence of these sub- 
stances through the agency of tliffutwn by means of a simple eyetem of telegraphy. 
Mr. George F. Ansell, of the Royal Mint, in a recent lecture on this entject, said : 
“ Posseadng this information, I visited eome pits, that I might see the pmeise con- 
ditions to be met, and 1 p1ac«d befbre myself the problem, bow to make known, by 
their own agency, the existence of eebetances so varying es earbonie acid and fire- 
damp; it waa pmctly manifeet that flic epecific gravity, ae epeoiflo gravity which 
had been prqpoeed by others must fidl, becaose of the dust and onrrents A air in 
the piU; but these thoughts developed the idea that speeifie mvlty, as n diffusive 
agent, would be the plan, and 1 have up to this date been unable to improve the first 
formed idea, although 1 have been enehled to greatly simplify the mode of operation. 
I felt ell elong that if the exieienoe of dangeroos gases could be made known to 
the muter wHhont the man's agency, then the servants wonld be more partienlar 
to obiurve the laws laid down by the master, and u conduee to the weUkre of all.’* 

The difiTbskm of gaeoi may be described u an intermingling of them when placed 
in such dicnmstanoes u tr admit of the natmil motion A their particlu extuding 
itulf into spaee or into other gasu ; for this explanation, it is well to consider that 
matter ia every fonn, whether solid, liqnid, or gaaeone, that is liquid in a higher 
eenee, is forased of minute pardclu, Juet u the ocean It ifanned of drops of water. 
Thou minate paitidu have been callM atoms or mdunlu, and there ere leeaons far 
believing that theu atoms have motion amongst themulvu in either the solid, Ikiiii^ 
or fueons ibnn of matter. In the cue of gases, the law goesning one p^cnlar 
mounn hu been Eliminated by Mr. Thomae Onihem, who hu demonitraled that 
wum difibu intoekeh other and into space in the Inveru ratio to the tqnate root of 
meir densitiuf in other wordi, a light gu diffssu itulf rapidly, white a denu ffu 
difftaau itulf alowly into space, er into another gas. 
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If we taJie the following fubetnocM, nnd eoinptre them with itmoiipheric air, at the 
atandard of specific grarity, they will iJluatrute our uieaniag, for— 

ajwctflc grsvitjr. Cable In, Grnini 

Air being taken at of 1 *0000 100 will weigh 31*01 1 7 

Hydrogen being taken as of 0-0691 „ h 2*1400 

Marsh gas being taken as of 0*6590 „ „ „ 17*4100 

Carbonic acid being taken as of 1 6240 „ mm 47*2600 

The barometer being 30 inches and the thermometer 60^ F. If, therefore, a vessel of 
a given capaoity be filled with each of these different gaSM under precisely simtlar 
rirrumstancoa, and weighed carefully, the variations of weight would be as indicated 
above. 

If, then, we imagine the containing vcrscI to bo made of such a substance as will 
admit of diffusion, we should fiud that the gas would diffuse out of that vessel in a 
period of time relative to its s|)ccific gravity : h} drogen most quickly, marsh gas 
next in its place, air following, and lastly carbonic acid; each gas being replaced by 
Its diffusion equivalent of air ; but in the case of air, although diffusion would take 
place, its amount would not be registered, because air would replace air, volume for 
volume. 

I'o demonstrate this with one experiment, it will l)e sufficient to fill a glass tube, 
whose one end is closed by a plug of plaster of Paris, with coal gas, and to then 
place its lower end in water, when the water will gradually rise in the tube, because 
the gas diffuses out into space, leaving a partial vacuum, while the atmosphere presses 
the water into that space. 

Vat we find that the whole space is not exhausted, yet there is no gas remaining; 
for while the gas has diffused out, air has diffused into the tube (&e gases lu'vc 
passed each otoor within the interatiocs of the plaster of Pans), and thus we come to 
the relative movement of gases under the circumstances of diffusion, endosmose, and 
exosmose, os it was formerly called. 

'I'he same gas, diffusing through different substances, occupies varying times, 
being quicker through unglazed pottery ware of Wedgwood than throsjgh Siciliau 
marble. The force or power of diffusion is considerable, os will be etident if the 
little apparatus about to be described be placed in an atmosphere of coal gas. Th«» 

instrument consists of a porous cell, 
795 surmounted by a cylinder, io which 

is placed a pistou of brass, the pis- 
ton being free to move. Just as in 
the case of steam. Immediately 
that this iustrument is placed in an 
atmosphere of coal gus, diffusioo 
commences ; the gas pubsing into tlie 
porous cell through its walls more 
rapidly tliau the air passes out, 
ciiuses an increase of volume, which 
exirts its pressure on the lower side 
of the piston and carries it up 
through tbs cylinder. 

Fii^amp and choke-damp ac- 
enmulace slowly under some condi- 
tions, and rapidly under others; 
there are, therefore, two main divi- 
ckms to be met, and we will fiist 
enplain bow Mr. Aosell proposes to 
indicate the existence of a slowly 
accumulating mass of gu in a goaf, 
or other place. 

For the purpose of indicating by 
signal a alowly aociimulated mass 
of fire-damp, or of carbonic acid, he 
uses a balloon of thin India-rubber ; 
for, singularly enough, he found 
that both these gases cause an sx- 
rAwazoN of the balloon. At first 
sight one can understand how manh 
gas ex]»nds the balloon, by the law 
of diffusion, but that oaibonic pt^ghoold also expand it, is so suprising, that the 
effect wilt require to be explained by a law not ye^ discovered. 
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Tbe btlloon te filled with atnioipheric elr, end ite neck lied tightly with illk, or 
wes-ead, end a piece of lioen ie bound round the equator of the balloon to prerent 
lateral eapanalon. The balloon c eo prepared, ia placed under a naall lerer a 
upon a itand of wood, ao that it ezerta a gentle preaaure on the lerer ( if now 
any fire-damp or carbonie acid accumulate round it, either of thoM gaaea puaa 
through the auhatanec of the India-rubber baUoon, and aeenmaiating inside, 
eanaea it to expand, thus to preoa againat the lever, and raiaing it rdenaea a detent 
B, E, by which the terminal polea of a battery t are connected, whereby we get tele- 
graphic communication with a diatant place, or a warning on the apot at will. It 
muat be stated that the tempmture of a given place in a mine duet not vary (Vom 
year*a end to year's end. The action of gams through India-rubber has been ei- 
plained, by aasuming that the gases dissolve in the oulffr coats ot the India-rubber, 
and in solution pass through and evaporate fhnn the inside This prcmosition ia rathor 
fascinating, bat Mr. Anacll refuses to regard it as the true expUiiatioo ; he ia, 
therefore, engaged in iuveatigatiug the facts in a larger field, and at a ihture time 
hopea to disoovor the law which regulates the passage of gases through thin India- 
rubber. 

These balloon inatrumenta can be so arranged as to tell if the accnmulation be still 
ftee from danger, or if it be explosive. 

In the event of a sudden irruption of fire-damp, he applies the law of diffusion in 
all Its simplicity ; Ibr by an inatramcnt,>!y. 795 a, he ahowa at once if there be gas, no 
irruption can be so sudden that this 
instrament cannot tell of its approach — 
say, in from 5 to 10 seconds-~aocording 
to the percentage of fire-damp con- 
tained in the dangerons rush. It may 
be 10 delicately act as to give warning 
if the mixture be still below the ezplo* 
sive point The instrument consists of 
an iron ftinnel, b, whose stem is bent 
into a U, the funnel being closed with a 
plate, A, of unglazed Wedgwood ware 
(but, in his first experiments, he used a 
broken flower-pot), the stem being closed 
by a cap of brass, o, through which is 
passed a platinum 'tipped copper wire, 
capable of Just dipping into the mercury, 

D, previously placed in the bend of the 
funnel. The distance between the 
platinum-pointed wire and the mercury, 
regulates the point at which the indica- 
tion shall be ^ven as regards the irrup- 
tion ; that is to say, if a non-explosive 
mixture is to give its warning, the wire 
must be brought almost to touch the 
mercttij ; but u it be intended to give its 
alarm for an ezploaive amount, then it 
may stand a little farther off, but in no 
ease to exceed the thickness of a shilling. If, when the instrament be ready, gas 
impinge on the porous tile diffusion takes place, and the pressure of the accumulating 
gas forces the mercury agaiost the platinum-poioted wii^ and the ciieuit being thus 
completed, tdegraphio warning is given on the spot, as well as in the manager's room, 
if such be desirable either by a needle or by a bell. 

In the case of known accumulations, Mr. Ansell considered that* if the amount per 
cent conld hjt readily ascertained, jnessures in proportion could be taken to sweep 
ont by ventilation such a dangerous mass. Me tried instruments upon many 
systems, all acting by diffusion, and with many obtained splendid results, such, for 
instance, os with aoolnmn of water or of mercury ; but in alt cases temperature would 
he (ktal, unless in the hand of a scientific man. Then, again, there is another action 
depending on the exchange of the proportions of the gases compoaing the atmosphere, 
which leads to errors ; he has, therefore, been led to use the aneroid barometer, 
which, although far from a perfect instrument, is still reliable, and may be depended 
on till a better is difeov^d. In this place we may mention that Mr. Ansell is now 
at work at a moat buntifril pocket indicator, which we have reason to believe irill 
avoid all the diflcnltiee of the aneroid, and be simply an indicator, not a compound 
inatrnmentancweiing three purpoeee, as doee the aneroid indicator. Thatmar^llous 
Von. II. T 
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amngenieiit, the Datj limp, gives magoiileentlndisitliiBSitBd it msy be asked, why 
try to go beyoDd h f Mr. AdmII says, 1 hopetosnpialiiaeBt it by aaolher indieator, 
for it mast still be used with my proposed iastnimem i yet 1 am not whhoBt hope 
that 1 sball^sooo make my instrament self-registeriiig, men 1 shall hope it will be 
even mors nseibl than In its present form.** 

The instnimeot,>l|y. 795 b, about to be explained, is an aneroid barometer of the most 
delicate conatrootion, the brass back of which has been removed, and its place oconpled 
by a porous tile, n. There are beside one or two minor alterations, such, fcr instance, as 
a small valve, a, to be nsed at pleasure. This instrument acts by pressure on the outside 
of an aneroid chamber, o, which, by a system of levers, causes a hand to travel over a 
dial face, which is graduated in inches Just as the ordi- 
nary aneroid, so that it can be used as a barometer, and 
as such can be relied upon. If we desire to experiment 
for fire-damp, or for choke-damp, by means of tnls indi- 
cator, it must be taken into the neighbourhood of the sus- 
pected atmosphere, and held by the ring handle, a, till it 
has become of the same temperature as the new place. 
It is absolntely necessary to follow these instrnctions, 
because, when the valve is closed, the instrument is 
affected by temperature ; when the temperature is equal- 
ised, which is usually a short time, and mi^ be known by 
the foot that the hand remains stationary after the valve is 
closed. The valve, which is simply a hole bored through 
the handle a, so that by turning the handle the atmo^here 
Is admitted or excluded at will, is closed by screwing it 
tightly, and the position of the hand recorded. Then the 
bnu cap i>, which protects the porous tile, is removed, 
and the instrument held up into the suspected atmo- 
sphere, when in abont 45 seconds the maximmn effect 
is produced} nt this lime it is neoessaiy to read the 
barometer accurately, because the maximum point hav- 
ing been reached, effusion takes place, and tne hand travels 
hack to sero. 

Effusion is the mechanical p^age of gas through the 
tile by preuure alone. This action proceeds with toe dif- 
ftision, hence we never obtain all the effect calculated 
upon; but directly diflIbBion ceases, effusion going on 
empties the chamber of gas, so that if the instrument be held long enou^ in the 
same atmospheie, the hand will retorn to sero, whence it started, and remain there 
till the instrument is taken into a purer atmosphere, or into one more folly charged. 
If into an atmosphere more ftillj charged, the barometer will rise, and this increased 
reading must be added to the other reading, eo as to obtain the amount present at 
the new place. Thus, in one reading it ^ves 8 per cent of fire-damp} this at- 
mosphere remains, and the hand returns to xero, but the instrument is placed in an 
atmoephere which gives 7 per oent on its foce, therefore the 7 + 8*10 per cent, 
which can be confirmed by taking the instrament into the intake gallery for a fow 
minutes, and then, putting on the cap, carry back the instrument to the suspected 
atmoephere, and it will at OQoe indieale the 10 per eent 
Effusion has been a aouroe of great trouble in the elimination of a suitablo substAnee 
for a diffusion septum, but Mr. AoseU has just now happily found that Sieilian marble 
supplies bis wants for this substanea, pendts dtjftukn to take ]daoe while it almost 
entirely arrei^tf^WibN. This will have a very important bearing on the indication 
of fire-dampMfeanse It will now be only necesiary to fit a plate id Sicilian marble 
into the iron ftinnel of fig, 795a in the place of the porous tib a, and that instrament 
will be used instead of m delicate instrument shown At fig, 795, which, it most be 
admitted, is extremely delicate and liable to destruction. By regulating the thickness 
of the marble from ooe<«ghtii of an inch to one inch, Mr. Ansell proposee to meet 
the cases of the varying times rcimired for the varioos rates at which gas accnmn- 
lates. The instrament shown as fig. 795 most still be used for slow acenmulatloiis 
of choke-damp, nnless it be finally assented to adapt a modification of the instrument 
fig. 795a, so that the risiDg of mercury in the bell cup b be made to tebgraph. 

All the time the valve, a, of the aneroid indicator is open, the instrument is 
a barometer, tberef^ it indicates change of altitnde ; at the spot one wishes to test 
the valve is closed; a knowledge of this will preelude the possibility of wUMAg 
change of alUtnde for pas. It is weU to remember that uis instrument is not 
intended to detect gas : its inventor intends it to be used only to detetmine how muoh 
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gu esisCi In any plane where it has been ebown to eziet A few intelligent obser- 
▼ationi will make any man aa perfbetly acquainted with the indicator at with hU 
watch. 

It ia imperatiTe that the inatrnment be held by the ring handlab dee Ita action 
cannot be depended on. Mr. Aniell hai foniid that the fbUowlag Agntee are to be 
relied upon for flre-damp, and for carbonic acid 
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Mr. Anaell acknowledges erith much pleasnre the services of Mr. Thomas VT. 
Bbort (of the firm of Marratt and Short, 63 King William Street), who, by a generous 
czcrtaon, practically realised the ideas Mr. Ansell conveyed to him, and so produced 
the necessary apparatus. 

The following actual ezperimentii were made by Mr. Ansell in a coal-pit at the 
Ince Hall ColUerv, on the 7tU June, 1866, in the presence and with the assistance of 
some of the luce Hall Colliery Company. 

Two aneroid barometers were used, each with tiles of different thicknesses, with a 
view to determine the proper thickness. The instrument denoted by the * had the 
thinner tile. 


tiUM 

Aneroid Bsro- 
■seler Indlcslor. 

1 

Amount 

DIftsnee 

Dsvj Lsmp glTlng to ibo Undtrviower 
Indlcatiuns as followi. 

br expe- 
riments. 

Before 

expert’ 

ment. 

After 

expert’ 

meat. 

i 

uf gsi 
dlcsied. 

ftom 

fleor. 

Seeoiidt, 

Inehct. 

Inches. 

Inchei. 

Percent. 

Inches. 


30 

80-63 

80-71 

0-06 

5-00 


Small cap. 

•50 

a0’40 

30*63 

0-13 



Very explosive. 

60 

80-52 

80-60 

0-08 




•60 

80-40 

80-32 

0-12 




50 

30*67 

80-62 

0-05 

450 

24 


•30 

30 40 

80-60 

0-10 

■T n 

24 

Three-inch cap on fiame. 

50 

80*55 

30-67 


■C w 

40 

Lamp exploded sharply. 

•30 

30-41 

30-53 


BT W 

86 

Lamp exploded sharply. 

50 

30-50 

80-63 


n El! 

24 

Gas expmve at this i^nt 


80-60 

30-65 



n 

One-inra top on flame. 

•50 

30-44 

80*50 


600 


Half-inch tc^ on flame. 

•30 

30-59 

30-64 

0-05 

4-50 

18 

Gne-ittch top on flame. 


80-42 

30*60 

0-08 

7-00 

18 

Thrce-qaarter inch top on flame. 

60 

30*61 

30*63 

004 

4*00 

— 


••0(1) 

80*45 

30*33 

0^ 

7*00 

18 

One-inch top on flame. 

60 

80*36 

30*66 

0*JQ 

8-00 

18 

One-inch top on flame. 

•60 

80-42 

30*56 

0-14 

11-00 

24 

Very explosive. 

60 

30-39 

30*70 

0*11 

8*30 

24 

Very explosive. 

•60 

30*33 

30*70 

0*15 

11-50 

80 

Over explosive point 


8040 

30*32 

0*19 

18*30 

80 

r Flame elongated in lamp, and gave 

60 

80*57 

80*76 

0*19 

13*30 

86 

\ evidence of going out 

•30 

30-89 

80*51 

0*12 


86 

Very explosive. 

60 

30*50 

86*74 

0*24 

16-00 

42 

/ Lasiq> conld not be held in this 

•30 

80*41 

30*62 

0*21 

14*30 

42 

1 gas without fear of extisetion. 


iVofr.— It wtf remarked by the tuderriewer, that the lamp indicated a varying 
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amount of gai within a frw acconda at the aama plaee. Theae ehangea were attri« 
Imtod to tlie beat from our lampa and from our bodiea, and it waa found that the 
Innipt and indicatora moat nearly agreed when both were taken into the gaa at the 
aame inatant 

(I) It waa agreed that thia waa held 10 seconda too long, aa the index hand 
travelled backwarda. 

FI RE8TONE, aigniflea a atone which will bear the beat of a furnace without injury. 
In geology the term ia generally applied to the aandatone which occnra at the top of 
the upper green aand in the aouth of England, which, from ita power of withstanding 
the effccta of heat, ia frequently used fur lining kilns and fUmaces. It ia a greenish 
calcareous aandatone, soft, and easily worked in any direction when first taken from 
the quarry ) but on exposure it becomes extremely hard and durable, and well suited 
for buildinf^u^aea. Many of the older churches in Doraetahire are built of thia 

FlilE WORKS. See PruoTEcnNV. 

FIR-WOOD. (Abies.) 1. The Silver Fir, Pinus abies. (Sapin Commun, 
Fr. ; Weiu Oder Edel Tanne, Germ.) 2. Sc.'OT8 Fir, Pinus sulvestris. (Pin 
D'Ecosse, Fr. ; Kiefer Oder FOhre^ Germ.) These are valuable aa timber-trees, and 
for the resinouB juices which exude from them. 

FISH. Many of the parts of fish enter into manufactures, and prepared become 
articles of commerce. 1'he true isinglass is boinetimes sophisticated by the skins of 
common fish. Fish oil finds employment in many ways. 

Imported fresh fish not of British taking in 1B64, 154,107 cwts., the computed 
real value of them being 137,007/. Of cured or salted fish, 274,677 cwts., valued at 
206.0.57/. 

FISH SKIN. The skin of the dog-fish, shark, and other ganoids, used occasionally 
in polishing and in cleaning rounded and irregular works in pattern making. 

FLAGSTONE: a stone which splits freely in a particular direction along the 
original linea of deposition of the rock. These are generally sandstone^ and the 
fiplittiijg surfaces arc frequently produced by thin lamtnis of mica; bid thin bedded 
liinestones also furnish flagstones, of which some beds of Purbeck limestone and 
the Stouefield slates arc examples. Flagstones are also obtained from Lias limestones, 
which are, in fact, thin beds of indurated cby.—- H. W. B. 

FLAKE WHITE. This name is applied indiscriminately to pure white lead, and 
to the trisnitritc of bismuth. 

FLAME (F/omme, Fr. and Germ.), in the ordinary acceptation, is the combustion 
of a mixture of au inflammable gns or vapour with air. That it is not, as many sup- 
nose, combustion merely at the exterior surface where the gas and the air come 
111 contact with each other, is proved by passing a fragment of phosphorus or 
sulphur into the centre (Kf a large flame. Either of these bodies ignited in 
jiassing through the film of flame will continue to born there with its peculiar 
light ; thus proving that oxygen is mixed with the vapour in the interior. If we 
mix good cod gas with as much atmospheric air as can convert all its carbon into 
carbonic acid, the mixture will explode with a feeble blue light; but if we mix the 
same gas with a small quantity of air, it will burn with a rich white flame ; a know- 
ledge of this fact has led to the practice, in many of our large gas works, of pumping 
air into the gaaometera with the cod gaa, a dishonest and a dangerous systeoL In 
the latter case, the carbonaceous particles are precipitated, as Sir H. Davy first showed, 
in the interior of the flame, become incandescent, and constitute while light : for from 
the ignition of solid matter done can the prismatic rays be emitted in that concen- 
trated union. Towards the interior of the flame of a candle, a lamp, or a 
where the aiMfcscanty, there is a deposition of solid charcoal, which, by its i^itioo, 
increases iniRngh degree the intensity of the light. If we hold a piece of fine wire 
gauxe over a jet of mi gM close to the orifice, and if we then kindle the gas, it will 
burn above the wire with its natnrd brilliancy ; but if we elevate the ginxe progres- 
sively higher, so as to mix more and more dr with it before it reaches the burning 
point, its flame will become ftiinter and less white. At a certain distance it becomes 
blue, like that of the almve explosive mixture. If a few platina wires he held in that 
dim flame they will grow instantly vrhite hot, and illuminate the apartment On re- 
vorsing'the order of this experiment, by lowering progressively a flat piece of wire 
gauxe from the summit towards the base of a gas flame, we sndl find no chareod 
deposited at iu top, because plenty of air has hien introduecd there to eonvert all the 
carbon of the gas into carbonic acid ; but as we descend, more and more chareod will 
appear upon the meshes. At the very bottom, indeed where the atmospheric air 
impinges upon the gauxe, the flame is Uue, and no oharcod can therefore he depo- 
sited. 

The iact of the increase of the brilliancy and whiteness of flame by the developmeiit 
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and ignition of lolid matter in iu boaom, illuatrataa manv eurionf phenomena. We 
can thua explain why olefiant na affordi the moat rivid ulumination of all the gaaea} 
hccauae, being aureharjged with charcoal, Ita hvdrogcn leti it go in the middle of the 
flame, aa it does in an ignited porcelain tube, whereby ita aolid partioleaflrat get imited 
to whiteneaa, and then bnm awiiv. When pluwphonia ia inflamed, it alwaya yielda a 
pure white light, from the ignition of the lolid paitielea of Tolatiliaed phoaphorua 
rapidly converted to phosphoric acid. 

In the blowpipe flume mm an oiMamp or a candle, the inner blue flittio has the 
greatest heat, b^aute there the combiistion of the whole Ihtly vapour ia complete. 
The feeble light of tmrning hydrogen, carbonic i side, and anlphur, may, npon the 
principlea now expounded, be iiicreaaed by simply placing in them a ihw particlei of 
oxide of sine, slender fllamenta of amianthi^ or flue ptatina wire* upwards of 
twenty yeara ago Dr. iTre demonstrated, in hia public lootores in Glasgow, that by 
iiiirrowing the top of a long glass chimney over an argand flame either flm oil or 
coal gas, the light could be doubled, at the same coat of material The very tali 
chimneys used by the lampHnakfrs are very wastefbl, aa they t^nerate a strong 
current of air, and the combustion of the solid matter is carried on with great rapidity. 
With a narrow chimney of half the length we can have nearly as go^ a light, and 
save 30 per cent of the oil See Dlowpipk. 

PLAliORRS BRICKS, commonly called Bath bricks. These are made in large 
(piantiUea at Rridgewater, from the silty clay deposited in the estuary, which contains 
u large quantity Of flne sand. These bricks are much used for domestic pnrpoaes, 
also in making foanders* cores, and for poliahing aome atoel articles. 

FLANNEL. A plain woollen stuff of a rather open and alight fabric. See 
Woollen MANOPACTtiREs. 

Walea ia the ooontry in which flannel was originally made, and the Welsh flannel 
is still held in mnoh estimation. Hand labour is rarely employed in the produc- 
tion of Welsh flannel, and though it is not so cheap as some others, the quality and 
flnish of this ikbrie generally causes it to be preferred for vests worn next the 
skin and similar purpoies. Flannels are now made more extensively at Rochdale than 
in any other part of the world, in that neighbourhood the manufaeturera produce 
the ffreatest variety of widths, finish, and substance, vii. : the thin, the medium, the 
thick, double raised, and swanskin. Saddle wortii produces the so-oalled Saxony 
flannels, which are much admired, and some varieties are nroduoed at Leeds, and 
finished the natural colour of the wool. In the Weat of England flannels arc made, 
but not extensively, and in Ireland a few varieties of low flannels and coatinga, 
called Galways, are manufactured ftrom Irish grown wool. 

FLASHINGS. Pieces of lead or other roetai let into the joints of a wall so as to 
lap over the gutters, and prevent the splashings of rain from injuring the internal 
work. 

Fi/ASK. In founderies, a shallow iron frame, without top or bottom, used for 
mouldiim. The lower flask is called a drag. 

FLAT. The name of a river boat, usually flat-bottomed, and carrying firom 60 to 
120 tons. This term is also applied to baidiets in which butter ia now sent from all 
parts of the country to the London markets. 

FLAT RODS, in mining, a seriea of rods for communicating motion from the 
engine, horisontally, to the pumps or ether machinery in a distant shaft. 

FLATTING. Th*' ration of finishing house painting so as to prevent the un- 
pleasant glare, which arises from a surface left in simple oil colour. The flatting 
colour should be incorporated with a large quantity of spirit! of turpentine. This 
drying leaves a dull surface, which is produced by the resin of the turpentine. Unfor- 
tunately, from the high price of f urpentine, naphtha ia now oommonly employed. Aa 
naphtha contains no resin, the colour is not so permanently placed upon the surface, 
it washes off readily, and ia liable, after a season, to fall off aa dust. Thia sobftitution 
of napliiha should therefore never be allowed. 

FLATTING MILL. A mill for rolling out metals into platei. Cylinders of 
great power are employed for this purpose. 

FLAUGHTS. Tools for carding wool, used chiefly in Scotland. 

FLAVIN. A yellow dyestuff imported from America, and used as a substitute 
for quercitron bark. It is prepared by dissolving it in hot water, with which it 
makes a somewhat turbid solution. It shonid be used when newly dissolved, fbr if 
allowed to stand it deposits a brownich-yellow mass, in consequence of its not being 
all eompletely soluble in water. If boiled in distilled water notil aH the solnblS 
matter is taken Up, and the clear solution decanted, it soon yldds a depcN^ The 
colour produced by flavin is never good until raised. A colour dyed bv it wetkent 
gradually when a little snlphnrie acid has been added ; but what remafni rrtdbu its 
brilliancy by laising, and in respect of this property it differs fitom boric. 
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Thf qntntity of eolouring matter in flarin ii rerj gnat, iti Talne aa compared 
with haric if 16 to 1» or one ounce of flavin ii equal to one po unj of quercitron rark. 
A portion burned left 4*4 per cent, of aah^ and a colntion of it givei the following 
reaction with salts : — 

^fsalts of iron - - . . Orange black precipitate. 

^tosalts of iron - . - - Deep greenish black precipitate, 

rrotosalts of tin - - - - Lemon yellow precipitate. 

Persalts of tin - - - - Orange yellow precipitate. 

Alumina ..... x rich yellow precipitate. 

Acids lighten the colour of the solution, and alkalies de^n it, rendering it 
redder.— iVanisr. 

FLAVIN DIN. A substance Isomeric with indin and Indigo blue. It is produced 
by the Mtinn of potash on indin. insvindin may b<‘ obtained in large quantities by 
eontinnittg the ebulition of indin with solution of potash for a long time. It » 
purifled by solution in water containing a few drops of ammonia, and precipitation 
with hydrochloric acid. Flavindin is of a pale yellow colour, and is sparingly 
soluble in alcohol 8ee Watts* “ Dictionary of Chemistry.** 

FLAX (Latin, l/num { French, Im; Italian and Spanish, hno; Portuguese, /tWio ; 
German ^ac/is; Dutch vIom), the LtnumvMttaUsaimum, a plant of the class Pentandria, 
order Pentagynia, in the system of Linnicus, and the type of the order Linacem, in 
the natural system of ^tany, largely cnltivated for its fibre and seed, and, next to 
cotton, thq most oxtensWely used raw material for textile manufbctnro in the vegetable 
kingdom. This plant was primarily a native of Asia, and was introduced at an early 
period, into Europe. Frequent mention is made of it in scripture history, as grown 
noth in IVilestine and in Egypt, os well as of the fabrics manufactured from its fibre. 
It was probably introduce into Europe by the Pbinnician traders, or the Greek 
colonists of Egypt and Syria. Homer ajludes to the linen manufactnre of Greece. 

At the present day, the flax plant is grown for fibre alone, for seed alone, or for 
both products together, in many countries of the eastern, and in some of the western 
hemisphere. For seed alone, in Uindostan, Turkey* and the United States of America; 
for fibre and seed in Russia, Belgium, Holland, France, Germany, Soandfnavia, Italy, 
Switserland, the Iberian Peninsula, Great Britain, and Egypt ; in Ireland, chiefly for 
the fibre, without utilising the seed. 

The average annual pi^uction of fibre, in the chief oonntries where fia* is grown, 
is as follows: — 


Russia • 

France 

Belgium 

HoUand 

Austria 

Prussia 

Ireland 

Egypt - 


Tool. 

180,000 

48.000 

18.000 
9,000 

60,000 

32.000 

85.000 

10.000 


aud adding all other countries, we may estimate the entire annual weight of fibre 
produced throughoat the world, at 400,000 tona 

The quantity of seed may he taken at neatly 2,000,000 of qnarters. At the 
average value of fibre and seed, the annual production in all countries, of the former, 
may be given in value at 20,000,0001, and of the latter at 6,000,0001, making in aU, 
25,000,0001 as the wurth of the raw produce, before itioonvenion into woven fhbrics 
and feeding stuffy 

The flax plj||lks a single slender stem, varying from 2 to 4 feet in height, ac- 
cording to thc^dnre of the soi’ and the season, with the difference of oUmate, and 
mode of culture. It bas lanceolate, sessile leaves, of a rich green colour, andbrineket 
out, at the top, into two or morn small stems, each of 2 or 3 inches in length, 
'and bearing light blue flowers, sOcoeeded by globular capsules, pointed at the apex, 
and bearing 8 to 10 seeds of a reddish brown, when ripe. The stem of the plant 
consists of an inner paM, or core, sometijnes hollow, but more fVequently solid, com- 
posed of ligneous matter, eorroonded with a bark of fibree, which are united to each 
other by a gum, the whole being sheathed in a fine epidermis. The plant arrives at 
maturity in 14 or 16 weeks after the seed is sown. It has then changed to a pale 
yellow or straw colour, and the eeeds have become brown. The upual period of 
rowing, in European oountriee, is firom March to May, although in some parts of the 
. ihe seed is put In the ground in aotiimn, but in t^ case nothing is gi^hied, 

88 tbe plant becomes mature veiy little earlier than when the sowfog ls me la 
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■priog. It ii grown on n iride rango of eaXemont, elnTjonm, PMtv, 9te^ 

bat that boot adapted to it ii, either a de^ fHable, olaj hNun. or the allawial deposit 
of riTera, whether along their banks, their deltaSi or where reelaimed ftom the sea, 
as in the ease of the polders of HoUand. Deep tillage, good drainage, and related 
pulverisation of the soil, are very requisite. 1 he preparations ht the crop are begun 
in winter, by ploughing the surfhoe, and turning it up to the action of IWtst ; they 
are completed in spring, by plowing and harrowing. The seed is sown at tlie rate of 
2| bushels per statute acre, the Mwt season being April In the BrMi^h Isles, 
Belgiuin, and Holland, the IhYoarite seed is obtaiM from Russia, Uiga being the 
port of shipment Dutch seed is sJso eatensiwely in use In Ireland, in the heavier 
class of soils. Anerlcaa is also oooasionally used in Ireland, and a good deal of 
home grown seed— the diet year's growth iVom 1^ seed (one year (bom the barrel), 
which is considered quite equal to the partut No nuinoTO is used in Ireland, but in 
Belgium end France, rape cue diesolm in urine is considered very useAil. The 
seed is sown broedcsst, and the soil is afterwards rolled. When the plant is a few 
inches high, weeds are careftilly removed, and no farther attention is neoemary until 
the eeason of pulling. Flan le not cut with the soythe or siokle, but is pulled up by 
the roots. About & middle of August it is generally reedy fbr pulling, in the British 
Islands, but in Belgiiim and France, it is in a fit state 2 to 8 weeks earlier. 

The after treatment varice in different eoontriei. In Russia, part of Belgium and 
Holland, and in France, the plant after being pulled, is dried in the sun, being ect up 
on the root end in two thin rows, the top interlacing in the form of the letter Vin- 
verted. The son and air soon thoroughly dry the stems, and they are then made 
into sheaves, and the seed afterwards beaten off. The stems are steeped subsequently. 
Another mode, in general uae in Ireland and in part of Flanden, is to ateep the green 
sterna immediately after they are polled. In Flandera, the seed is invariably separated 
from the atema before the latter are immersed in water. In Ireland, although this 
la practiaed to aome eatent, yet the great bulk of the flax crop ii put in the water at 
once, with the seed capsules attache^ and consequently there is a very considerable 
annual loca to the country, by this waste of a most vocable product of the plant. 
In the Walloon country of Belgium, in its eastern provinces, and in the greater part 
of Germany, dsw-insftuiy is practised. That is, in place of immeraing the atema in 
water, they are spread thinly on abort grass, and the action of the dews and rains 
nltimatelpr effect what immersion in a running stream or pool accomplishea in a much 
Shorter tune, namely, the decom]mition of the gum which binds the fibres to the stem 
and to each other. Fibre obtained by this method is, however, of very inferior 
quality and colour. 

If the fibre of flax be separated from tbe stem, without the decomposition of this 
matter, it ie found to be loaded with iiopurities, which are got rid of afterwards in the 
wetrBpinning, the boiling of the yarn, the subjection of the woven fiibric to the action 
of an alkaline lye, and the action of tbe atmosphere, — of rains and of alternate dippings 
in water, acidulated with sulphuric acid, and of a solutiim of chloride of lime, which 
are all required to perfect the bleaching. The great object, therefore, is to obtain the 
fibre as nearly free from all foreign sabstaneea as possible, and, consequently, the 
mechanical eqiaration of it from Ae woody pith of tbe stem is not to be recom- 
mended. 

At various periods attempts have been made to prepare flax fibre without steeping. 
Weak acids, solutions of caustic potash, and of sods, soap, lye, and lime, have all beoi 
tried, but have all been found objeetionqble. In 1818 Mr. Lm bronf^ before *' the 
trustees of the linen and hempeo manofoctnres of Ireland his system of separating 
the fibre without eteeping. He alleged that a large yield was thus obtained, that the 
colouring matter could afterwards be dischaiged by ttie most simple means, and that 
the fibre pceseesed greater strength. But it was (bund that the system was practi<^ 
cally worlhleiB. In 1816 , Mr. Pollard, of Manchester, brought (brward a plea of the 
same nature, and proporod to make an article ftom flag, which eould be spun on 
cotton machinery. This also fell to the ground. In France and Belgium, at dnfofent 
periods, aimilar prejeeta were found equally ionraeticable. In 1860 , and again in 
1887 , Mr. Dcnlanrotived the same, hat the SUM anal otjeetions prevented the snooeas 
of the system. The fibre was loaded irith imparities, sod the ipperently larger 
yield over steeped fibre, consisted aoldy of these venr imparities, which had to be 
g^ rid of in the after processes of maniuwtnre. At the same time it mnet be reoog* 
iiised that the **dry separated ** fibre can be readered nsefnl for one elam of muff* 
(ketaree, viin thoio where no bleaching ie tteeeemry, and its greet* etreng^ hi here 
an oljeet For ropei, rtek-coveii, torpauliDa, railway-wagi^ eofrets, me., where 
pitch or tar ere need, end prevut the deoompoemg action ef meisltite and of atmo- 
apherie daagea. Ibis mode of obtalniiig flax fibre is hif^iij nseflil. 

The imdkenlea of the flax ttems k FateTi eithet aa pnUed fidlef li^ or lAat 
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drying, appetni, u yet, to be the beet mode of effecting the deeompocition of the 
gum, and obtaining ttie fibre pure, or nearly sa Thn water rooit suitable for this 
ptirpoae ia that obtained from surface drainage, springs generally holding more or 
loss of mineral matters in solution. Spring-water from a calcareous soii is peculiarly 
unsuitable, the carbonate of lime which it contains being adrenie to the putrefactive 
fermentation of the vegetable extractive. In Russi^ much of the flax grown is 
steeped in lakes. In Holland, it is always steeped in pools filled with the surface 
drainage. In France and Belgium, it is either steeped in pools or rivers. In Kng- 
laiui and Ireland, generally in pools, though occasionally in rivers. The most cele- 
brjited steep-water in the world ia the river Lys, which rises in the north of France, 
and flows through tlie west of Belgium, joining the Rscant at Ghent. Although the 
water of this stream has been analysed, chemists have not been able to discover why it 
should bo BO peculiarly favourable to the steeping of flux. All along its course nax 
is steeped. The trade is in the bands of factors, who purchase the dried stems from 
the growers, and undertake all the after processes, selling the fibre to merchants when 
it has been prepared for sale. The apparatus iu use consists of wooden crates, 12 feet 
long, 8 wide, and 3 deep. The sheaves of flax-straw are placed erect in the crates, 
and the root ends of one arc tied to tlie top ends of another, to secure uniformity of 
packing. The crate, when filled, is carried into the river, and anchored then*, tlie 
upper part being sunk by the weight of stones, 6 inches underneath the surface. Thu 
jieriod of steeping begins in May, and ends about S(*pteiiibur. The previous year’s 
crop is thus steeped, having lain over in the state of dried straw during the winter. 
All the flax thus treated produces fibre of a yellowish white colour, very soft and 
lustrous, with very finely divided filaments, and strong. From it almost exclusively 
is made cambric, the finest shirtings, and damask table-linen. It is a strange faet 
that flax straw is brought to the Lys, from a great distance, and even from Uollaud, us 
no other water has yet been found to give such good fibre. 

Ill 1847 a new system of steeping was introduced in Ireland, by Mr. Schcnck, of 
New York. It had been successfully tried in America on hemp, and the inventor 
crossed tlie Atlantic to try its efiicacy on flax. His plan consisted in hastening the 
putrefactive fermentation of the vegetable extractive by artificially raising the tem- 
perature of the water to 00^ Fahrenheit. By this means insWtul of an uncertain 
period of seven to twenty-one days being required for the steep, according to the state 
of the weather and the temperature of the atmosphere, the flax was retted uniformly 
in sixty hours. The flax straw, after the separation of the seed, is placed in wooden 
or brick vats, and the heat is oommunicat^ by forcing steam into a coil of iron or 
leaden pipes, placed under a false Ixittoui perforated with holes. 

The annexed plan (/y.79dc)uf a retting on Schcnck’s system, capable of consuming 
annually the produce of 400 acres of flax, and employing, in all the operations of 
seeding, steeping, drying, and scutcliing, 30 men and 55 girls and boys, or an aggre- 
gate of 85 persous, will give an idea of the arrangements. The seeding-houHe 
reipiires to be of large sixe, as flax straw is a bulky article. It is on the ground floor, 
fnr the convenieiiee of carting in the flax. The loft above it is used for eleaning and 
storing the seed. I'be vat and spreading-rooms are in a building of one story only, 
built with a vaulted roof resting on pillars. That part of the roof which is over 
the vats has lower windows to aid the escape of the vapours from the vats. The 
drying sheds at the top of the plan are on an open tpaee, irell exposed to the wind, 
and fifty or sixty feet apart The hot air rooms or desiocating house are fire-proof, 
each room capable of containing the flax turned out in one day's work. The scutch 
mill, with engine and boiler-house, complete the plan. 

The ndvanrages of this system were so manifest that it was speedily adopted in 
many parts of the United Kingdom and of the Continent It was found, however, to 
have some deftjUP The small quantity of water soon became thoroughly saturated 
with the producIrSf decomposition, and the fibre of the flax, when dried, was, conse- 
quently, found loaded with a yellow powder, offensive to the smell, causing incon- 
venience in the preparing and spinning, and worse still, acting prejudicially on the 
quality of the fibre itself, renderiw it harsh and dry. 

To obviate these deibets, Mr. Pownall, of J40ndon, conceived the idea of pressing 
the flax straw, immediately when taken out of the steep, between a pair of smoo£ 
cast-iron cylinders, while, at the same time, a stream of water played upon the rollers. 
By these means the foul water of the vat is pressed out of the flax stems, which are 
flattened and bruised, thus tending to aid the separation of the bundles of fibres into 
minute filaments, while the stream of water effectually washed away all remainiiig 
impurities. 

It has recently been found Chat better fibre can be obtained by reduoiog the tern- 
peretnre and extending the time of steeping. The most peifoct a&ptation OTSehenek’s 
system is at the rettery of M. Auguste Scrive, near Lille, and /p. Tfifi U fi fOpw- 
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MntatioD of It Tanks of wood or itooe ire iifed« Moh to oootilB two tad a half torn of 
flax straw. Tbo straw is olassUlad according to quality and length baforc being packed 
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Ibir ladiM think a, Mtehlaf tha topa on tha whole l6B|th of aadi row of baodka. 
I^OM itripo of wood are drm eroM iron boUora o, aaeurad by iron bora c, 
flurtened to piaaoa of wood d, worked into the aide walla of tlM tank, leiTiag a aorflwe 
of fbar iaehee dean of water over tha top of the flax. When tha tank haa baen filled 
with oold water throogh the wooden ahoot tha whole ii rapidly heated to 78® 
Fahrenheit, by meana of ateam pinea coiled tinder tha fidae bottom. A aeoond open 
ahoot r, carriea heated water at 90® to diaebarga on tha aarlkoe, beaidea two cloaed 
pipea 0 o, one of whioh bringa hot water of the aama temperatare, and the other cold 
water. When fermentation aeta in, which la ordinarily in eight hoora, the pipe, aa 
wall aa the ahoot of water at 90®, ia aet at play. Tha firit to oreate a continual corrent 
of fireah water through Uia tnaaa of flax, coring off tha producta of daeompoaition, 
and bringing them to tha anrlkce i the aeoond to drive thb foul water to the openinn 
B H, where It ia diaoharged by the overflow. The two pipea with heated and cold 
water going to the bottom of the tank, aa well aa the two ahoota containing cold and 
hot water, to go to the anrihee, are alao made uae of to eqnaliae the temperatare during 
the whole operation, whioh ia aacertained by the uae of a thermometer in the aquare 
wooden box a j. Ihe ateeping of eoarae etraw requirea 86 to 48 houra, medium 
<inalitiea 60 to 60 hoora, and the finer deacriptiona 60 to 72 houra. The ** wet roll- 
ing ** between evlindera after the ateep la accompanied by a ahower of water at 78®, 
not on the flax but on the top of the cylindera. Thia removea the remaining impu- 
ritiea, and preparea the atraw for being eaaily dried. The heated water may be ob- 
tained from the waate water of a apinnmg-mill, or from a coodenaing ateam-engine. 

Flax ateeped bv Sehenek'a ayatem ia dried in variona waya. Some rettera have 
drying houaea with healed air, othera aet np the flax loosely on the root end, in the field, 
or spread it thinly on the grau, while others, again, clasp it between two slender 
pieces of wood about a yard in lengfo, and hang these np in a building open ai the 
sides, so that a enrrent of atmospheric air ia constantly passing through. 

In 1869 another mode of retting flax was introduce by Mr. Watt, of Glasgow. 
Instead of immeraing the stems in water, he subjected them to the action of steam. 
Square iron chambers were employed, in which the flax atraw was packed. The door 
by which it was introduced was then foatened by bolts or nu^ and simm was then 
driven in. The steam penetrated the stems of the flax, and being partially condensed 
on the top and sides of the iron chamber, a constant drip of water, fnkewarm, fell upon 
the flax. In twelve to fourteen hours the stems were removed, and, after being dried, 
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fibre readily separated from the woody core, the water remaining in the Iron 
ehamberbeingofadaik brown ofdoor,withoakoffeiislTe odour. The fibre obtained hj 
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OikmetM WM oft gmWh eolm.tnd wm tt ftfH weU thMgIt of tiy auattf^ren i 
bat, in tbn «nd, on more extended triali it wns fbnnd tn poiiMi lexeinl deftoMi nod 
Wntt*e eYitem if not now carried ont _ • ^ ^ 

Another ijitem of treating 8ax waa introdneed by M. ClaiHra, n Mgian, OM nvr 
aome time H attracted mneh attention* He aepavnled the dbre Ikom Ow alam withM 
steeping, and then, by the employment of aoida andBlkaUea,lM got rid of te eofotable 
cxtractrre and other impnritiea, and pf^need n fltenna maw atrangly inarmhiigg 
He pr^eaaed to make an article capable of being open with cotton tk wool The 
higher Talne of flax flbre, boweeer, waa a greet oW^ a^ at pieaa^ the <nir«M 
made of hia prooeaa ia to eon^rt acntching tow— « Hie refaii flax flbre««iato an aftMe 
to be apnn with wool, and eten tbii is pfiotiaed to bnt a eery amj^Ment 
Mcaara* Barton and Pye*a patent tfig* ) ia a aeodiflaaimn of the hot water atea^ 
By thia proceas the flax atraw, after the aeed la remo^, lipaaaed thrpnAa amelilM 
oompoaed of plain and crimping rollers, by the combined aetkm of whldt tlw woody 
part Is rendered easily separable from the flbre. The latter la than nlaoed In a xat, 
nolding about a ton, which ia aubaeqnently fllled with cold water. This hM a p^ 
foratad fidae bottom, nnder which steam, with a pveaanre of 60 Iba. to an inch, is in- 
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tfodneed and dim a minat e d by perflamiad tohaa. Another tabaMtayamtolha cat a 
cold mixtmoffUliriacaiih in water. Tholatrodnettonoftltomiitovoandtiiti 
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te eontinutd notil the liquid in the rnX reuchei 80^ Fehrtnheit. The flui remaini in 
it ut chie tempenture for thirty houre, when the ■urthce of the liquid is corered with a 
saponaceous fW>th. Then on apparatus of cross bars of wood, closely fitting into the 
interior of the rat, and pressed by two powerftil screws, expresses the impurities from 
the fibre. The supply of the fuler*s earth is stopped, and cold water is alone sup- 
plied with the steam, so regulated that the temperature is by degrees raised to 150^, 
the pressure being continued until the water ap^ars free from impurities. The water 
is then withdrawn frrom the vat through a valTe in the bottom, and a pressure equal to 
fiOO tons is applied to the mass of the flax. It remains under this pressure for four hours, 
when it is half dry. It is then taken out and dried in sheds open at the sides to the 
air. The fibre produced by Mr. Pye*s method appears of good quality and strong, 
but the system has not as yet been carried out on a suffleiently large scale to admit of 
a decided opinion on its merits. 

The same may be said of the plan of M. Terwaiigue, of Lille, who employs hot 
water at a temperature of 16^ to \1^ eentigradet 60^ Fahr., in which chalk and char- 
coal have been placed. His process requires seventy two hours on the average, and 
he employs briox tanks. The water is, as in all the preceding cases, heated by steam. 

Before leaving the suliject of steeping, reference may be made to a process patented 
by Mr. F. M. Jennings, of Cork, by means of which coarse flax fibre is rendered 
capable of being subdivided into minute filaments, or, in other words, made fine. 
While the fibre of cotton is incapable of subdivision, that of flax, as viewed through 
the mieroBcope, is seen to consist of a bundle of extremely delicate filaments adhering 
together, so that fine and coarse flax are really relative terms. Mr. Jennings throws 
down upon the flax fibre, as it apjicars in commerce, a small quantity of oil, say half 
an ounce to the pound of fibre. 11 oflects this by boiling the fibre in an alkaline soap 
lye, washing with water, and then lualiug in water slightly acidulated with pyrolig- 
neous acid, which decomposes the map and leaves its ihtty constituent on the fibre. 
It is afterwards washed onoe more, and is then found to bo soft and silky, and the 
coarse fibres capable of being readily separated on the hackle, while the strength is 
not apparently reduced. There is also a greater facility in the bleaching of the linen 
made from flax fibre so treated, and less loss in weight m the bleachin|f process. 

While some of the inventions referred to for hastening and equalising the time of 
steeping are being carried out to a considerable extent, and promise well, when brought 
to a greater degree of perfection by experience in practical working, to be yet more 
largely employed, the great mass of the flax grown throughout the globe is steeped in 
pools, rivers, or lakes. It will, therefore, be most advisable to follow the processes, as 
practised by the growers or fketors. 

When the flax has been sufllcieutly retted, t. e. when on taking a few stalks ont of 
the water the fibre can be readily separated by the fingers along its entire length from 
the woody interior, it is removed from the water, and placed to drain on the banks of 
the pool or river. It is then taken to a closely shorn grass-field or old pasture land, 
and spread thinly and evenly on the ground. In Flanders, however, the system of 
drying is somewhat diflferent. Instead of being spread flat on the ground, the sheaves 
are divided into fimr portions, and these are set upright in capeltea^ t. e., the butt ends 
are spread widely out in a circle on the ground, and the tops are kept close together. 
By this means the son and air soon dry the flax. Wh mi thoroughly dried it is tied 
up in sheaves, and after remaining a few da}s in the u«wal form of a grain stack, it is 
ricked. In this state it may remain for years witho it the fibre being deteriorati^. 

The next process is termed scutching (French, it // lyc), and is intended to separate 
the fibre from the woody matter of the stem, and thus to make it fit for the spinner. 
The first part of this proeess ii to bruise the stems thoroughly, so that while the fibre, 
from its tenacity, is intact, the brittle woody part is flattened and broken in such a 
manner aa t^ppiit of its easily being beaten off by the action of the scutch-blade or 
scutch-mill, in most countries the bruising is done by band. In Flanders and France 
the flax straw is first lidd flat on the grounA the sheaf being untied and spread thinly, 
and the workman, placing his foot upon it, beats it with an instrument called a maik 
having a carved handle and a heavy ^uare indented mallet, Jfp. 799. 

The next part of the process is to give the flax repeated blows in a machine termed 
a hraci or Mgtie, Jig. 800. This is generally made of wood, but sometimes of iron, 
and cousists of two rows of grooves T t, the upper one moving on a pivot at the 
socket B A stout pole p runs from end to end of the upper row of teeth. The latter 
are wedge-shaped, 4} inch deep, 1} inches thick at top, and 33} inches long from the 
head h to the socket s. The head weighs about 8 lbs. and is 10 inches long, and 3} 
inches thick. The lower row of teeth consists of fonr, while the upper is three, fitting 
mto the interstices. The best wood for the machine is that of the apple-tree. 

Next comes the scutching proper, still following the Belgian, French, and Dutmi 
method of hand-work. After the flax has been bruised by the moif, and erashed 
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the hraque. It If ready for the icutcbing proeeta. In Belgitnn and Franee the method 
pursued it by the emj^oyment of a wooden stand (Jlq, SOI)» A broad plank of 
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pine or becrh, about 4 feet high, and rather more than a !bot broad, about f inch 
thick, is fixed in a wor>dcn sole n. 3 feet from this sole is a cut in the wood of the 
upright plank, about IJ to 3 inches wide. This cut serret for the introduction of a 
handful of the flax straw, braised as before described, and the workman holding it tlirce- 
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fourths expoaed through the slit, beats it wlih a tool ealM the aeatek*bhide,/|y. 802. 
It is made of walnut wood, and is Teiy tongfa and ^xlMe. In Ireland the system 


brake similar to that Belgium is employe^ but instep of the Belgian aent<di,tool, 
a rode instrument is employed, generally of ash-wood, in the form of a sword blade. 

It must be stated that the system of handscutchlng is only to be recommended where 
the quality of the flax flbre is so superior ss to render eoonomy in wute of primary 
Importance, or else where the wages of labour are so low, u to render the power of 
machinery of little consequence, as regards economy. Bat, where wages arehigh, 
and flax of medium or low quality, there is no question that machine-senlching is Urn 
most adTisabK And the most eoonomicai TbSa has been especially reeognlNd in 
Ireland, where In 1657, 1037 scutek ntiUs were in operatloii, when foe growers sent 
their crops to be prepared for market, at a reasonable rite, nmek kis than hand- 
sentehing would hare cost Seutek milk hare been introdnoed whh adtastage iato 
Russia, Inmaata^ Austria, Denmark, Holland, Belgium, Franee, Italy, and figypt 
In Irehmd, alfooogh in aereitd diaftriets flax Is scutched by liaiid|iiiae1iiBe or aull 
seutehing has been ibr more than half a century in operation. As la foe band- 
scutching, foe operation eontisCs of two processes: flrst, foe bndring df foe sleau, 
and secondly, foe bealiug away of foewoody parts flron foe flbie. The origittat 
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ijilm orbraiafaif ifilUl Teij gvomL It oomiilt of ft Mt of three gmooth wooden 
roUefi, one nodemrath and the two othert ftboTo it, imlM to enoh other, nod one of 
tlioin boriiootil to the lower roller. The Inboorer ilti oppoeite the lower roller, and 
in«eiie a handfhl of flax itraw between the latter and the upper oncb which ii horiiontal 
to it. The flax being drawn in and bmiied between thceeb piwe> up between the two 
upper roUere, and reappean at the ontaide. It ia again ^ throng, onoe or twice, 
according to ito thiokneaa, or to iu being more or lean >tee^, and the fibre, conae- 
quently, more or leaa euil j freed from the ligneoua part The acntching apparatna 
conaiaU of a wooden shaft, to which are attached, at intermla, like radii of a circle, 
abort arms, to which are nailed tbe atocAa, which are parallelogram ahaped Uadea of 
hard wood, with the edgee partially aharpened. The labonrer atanda beaide an up- 
right wooden plank, wery aimilar to that figured in the deaeription of tbe Belgian 
hand-aoutching apparatna, and through juat inch a alit eapoaea one half of the hai^fal 
of bruiaed flax-atraw to the action of the atocka, which revolTe with rapidity along 
with the diaft, and atrike the fiax atraw, beating off the ligneoua matter, and leaTing 
the fibre clear. When the end expoaed to tbe atooka ia meaned, the workman tuma 
the bandftil and expoaca the other end. It ia uaual to hare a aet of either two or 
three men, at aa many different atanda, and inatead of each thoroughly clearing out 
the handihl of fiax, he only partiallT doea ao ; the aeoond then takea it ui> and finiahea 
itt or, if there be three in the act, he doea not quite clean it, but banda it oTerto the 
third to do ao. In the latter oaae, the firat workman ia oalled the buffoTt the aecond 
the mddkr, and the third the /intsher. The motire power in theae acutch-milla ia 
generally water i in come oaaea they are wind-milla, and in a few inatancea they are* 
driven by horaea. Latterlv, the uae of ateam-enginea haa conaiderably increaaed, aa 
bi‘iag more to be depended upon than water, which frequently faila in a dry aeaaon. 
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It haa been found that the woody waate produced in the acntching, ia quite anifieient 
fhel for the boiler, without ita being neceaaary to purohaM eoal or peat, and thia waate 
bad hitbeilo been applied to no uaifal purpoae, being with the greaM diffleulty de- 
composable for manure. 

The first improvement on this old aeuteh-mill apparotaa was the introduotlon, by 
Heiers. MacAdam Brothers, of BeUhtt, of a mactiine for bruising the fiax atraw, 
prior to steeping, and it has since been extensively employed, with verj adftsfretoiy 
^ulta. It oonaists of a series of fluted r^era, running vertically on eadh other, the 
flatmgs varying in width, the widest aet hei^ the first through whidh the fiax 
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piMM, tad Ibe oAeri diminiilifaig in iridlh, vntll tbe flnttl isthn iMt While nellng 
■troDglj on the ligneous nitter. st the siine time hrniibg end oriii^ng it, ind re- 
dneing it nlmost to powder, it does not iidare or disnmi^ the ibvss. OnshsenklM 
mnchSie of this oonstraetion is osphble of supfl yln g IS siwiehliig stands of the oidf 
Dsry mill It is sttended by two boys, OM to Ibsi the flis«sttiw into the aHWhinf, 
by meins Of i feeding table, and the other to nmoee it at the oppamis agtfamity* 
Once paMiog through the maehine is quite safteient to pespoM thi Utm straw 
thoroughly for being soutohed. The force required to drif e It is one h aii s p ower. 
Fig 603 will best show iu eonstmetiion andmode of aetieu. 

it haring been found that many dieadmatagm were inherent in the did scuteh- 
mill, sererai persons hare set themselres to work to supply a maehine whioh would 
reduce the oust of labour, obriato the necessity of obhUag skilled workmen, and 
dimmish the great waste of fibre, which was but too fr eqa en t In the ordleory mUL 
Among the most sueeessfbl of these scutehiDg-maebmee, is an iarentloa of Mr. 
Mac-Bride, of Armagh, Ireland, JIga, 804, 805. It eoaeists of a eaat-lran frame, at 

804 



caeh end of whieh is a oompartment, endosing a double aet of beaten, of pcenliar 
eonstruetlon, which rerolre rapidly in n eontnry diieetion, striking nltomately on 
(ueh side of the fiux, as it is submitted to their ection, end Bioroo^ily remorlng the 
woody pert, which fUlc down in dust into u pit or hollow under the in 

order to ourry the fias gradually through the maobine, and prsitiit it in n proper 
manner to the beaters, in succesuon, an endless donUe r^ is mfrodnoed, enrrMin 
the hollow of a large groored wheel, in which it is kept tight, by meant of tension 
weights. The fian-etraw, made into handftila, is introdnoed nt A, nndcr the double 
rope, at one end ef the machine, and ia at once groped by H firmly, radier ahore its 
middle, sad carried along slowly, by the morement of the gro o red wh^, until it 






the time the flaz-stnw hu been onmed throngh them, nil hs loircr hnl( wUeh has 
been cipoesd to the nelion ef the henten, is dsiaed out, and the leps^ passing an n 
riiort way frrtber, arrirea at a point where e eaeond groored wheel m serehiag, ftitw 
Dished with ropee in like miaaer,lmt arranged tin rather lower leriL Byneimple 
arrangement, the fine Is here traasfemd from one aet of ropes to the other, me 

se^ am gris^ H npm im kwertend, thus tearing aU the endemedpevtier upper 
half, leidg to he senlehed. The aeeond wheel mores onv end eiiiiee dm figg^ 
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iTArdi the eomMitaieiit eontaining the leeond let of beaten, deaning all the upper 
portion of the flax. It then iesuee out at d, cleaned throughout, and is receiyed by a 
penon placed there for that purpoie, who makes it up into the usual package for sale, 
16|lbs. A constant succession of similar handfols ^ flax-straw are thus kept pass- 
ing through the machine without interruption, b s are the beaten, t x are two cones, 
carrying[ a leather l^d, which gives the motion to the ropes, or carrying apparatus. 
lly shifting the position of this band towards one end or foe other of the cones, the 
speed of the carrying-ropes may be varied at pleasure, so ns to keep foe flax a longer 
or shorter time under the beaters. Some kinds of flax require more scutching than 
othern. o G are foe driving pulleys, for giving motion to foe machine, means of a 
band from motive power, which may be steam, water, wind, or horsea £ach pair of 
pullevs drives one set of beaters separately from the other set, and hence, if requisite 
to drive one set foster than the other, whirh is sometimes the case when the top end 
of the flax is hard to clean, this is easily done by using a similar pulley on the machine, 
or a larger drum on the driving shaft. S' n are the tension weights and levers for 
keeping tight the carrying-ropes. J J are bearers of wood for carrying the frame of 
the machine, x K are pits underneath the compartments containing the beaters, 
and arc for receiving the woody dust as it falls from the flax-straw. The machine 
occupies a space of ll|t feet, by 10 feet, but some space is required round it for 
liandling foe flax. The height of foe machine is 6^ feet The power required is 
threo'horse. 

11. Mertens, of Gheol, Belgium, has invented a scntching-roachine, which merits 
notice. It Is portable and cheap, and requires foe attendance of only boys or giils, to 
put foe flax-straw in and take the scutched-flbre out The action is something similar 
to that of the Insh scutch-mill, but the bruised flax -straw is placed in iron clasps, one 
end being first cleaned out, and then the clasps opened, the flax-straw reversed, and a 
second insertion in the machine clears out the other end. 

Messrs. Rowan, of Belfast, have very recently introduced a scutching machine, 
whose action differs from all hitherto in use. The flax-straw is not previously 
bruised, but is at once fastened in iron clasps, which are placed in a slide, the action 
of the machine carrying them on along one side, while two parallel^ars of iron, 
toothed, comb the straw and separate the woody part from the fibre. The first 
portion of these bars have coarse teeth, and foe teeth become closer by degrees up to 
the end of the slide. There a workman or bo} takes out foe clasps, unscrews the 
nuts fastening them, and reverses the position of the straw, so that the portion not 
previously subjected to the action of the machine ii now presented to it, while that 
already cleaned out is untouched. The machine is double, i e. has two sides of 
combs, each capable of containing; twelve of foe clasps, and each cleaning out one 
end of foe flax-straw. Hence, after the workman or boy has unclasped the half- 
cleaned straw, turned it npside down, and presented foe uncleaned end to the other 
side of foe machine, the same action of combing, already described, clears out that 
end thoroughly, and by foe tima the progressive movement of the mechanism brings 
the slide to the extreme end, foe flax fibre appears free from woody refuse, and in a 
fit state for market It la fomi unclasped and made up into bundles. 

There have been a great nnmber of other scutching machines invented, but it is 
not necessary to partiomriaa foem. 

In the operation of aoutebing, however carefully it may be done by hand or by 
machine, there occutw more or less waste, L e, the beating of foe flax-straw, in order 
to separate the marketable fibre from the useless wood, causes a portion of the former 
to he tom off in short filaments mingled with the wood, and this tom fibre is verpr 
much less valuable than the long Aliments when finally cleared out In general, it 
will not averu^ore than an eighth or a tenth of vhe value of foe long fibre. It ia 
termed sculcmfmw or codtUa, and when properly cleaned is dry-spun for yarns em- 
plo} ed in making coarse sacking, tarpaulins, &c. Being very mu^ mixed with foe 
woody-matter of foe flax-stems, it is necessary to get rid of the latter before foe 
seutching-tow can be spun into yarn. To accomplish this, shaking by hand is foe 
first process, and Bubseauently the stuff is put Into a woody machine termed a ** devil,'* 
in which, by a mechanum something resembliM the shakers in a threfoing machin^ 
the woody particles and dust are got rid ofi The tow ii sorted into different quali- 
ties, and^ in some cases, it ia hackUd before being lold. In France and Belgium, it is 
chiefly retained at home, spun by baud, and woven into each fkhries aa coarto 
trowsers and shirta, fbr the Ubonring classes, aprons, table-covers, Ac. &o. What is 
produced In RnsiMi; Is partly used for similar purposes among foe seift, but foe great 
mass is exported, Great Britain and Ireland being foe chief mart, and Dandee espe- 
cially. 

The great idm in all foe4ifoent methods of leutohing, haa beep to obtain foe 
largest ]xMsible yield of long fibre from foe flax-itraw, and to waite aa little as pos* 
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Bible in scatdbing-tow. The French and Flemish system of hond^ioutohing is most 
successful in this respect, but as the qualtty of fibre there produced is Tory much 
finer, and consequently more valuable than idl others, the additional exfwnse of hand** 
labour is compensated by the larger yield of long fibre *, irhereas, in Ireland, the fibre 
being generally coarser and less valuable, oocupying an IntermedLate j^ee between 
the Flemish and Russian, the cheapness of miU^^scutching turns the scale, andf'eitoept 
in remote districts, it is now universal. In Egypt, until some fifteen years a|^, the 
method of scutching was of the most primit^ form. The fhUahs, after steeping 
their flax in the Nile, and drying It on the banks, puKceded to cleanout the fibre, hy 
first beating the straw between two flat stones, and then striking it against a wooden 
imst. Mehemet Ali and his snecessors, however, introduced Irlib scutch mills, driven 
by steam-power, and since then a marked improvement has taken place in the state 
in which Egyptian flax has been br<mght to market. It may be inteiesting to note 
here, that in the early period of Egyptian civilisation, the dwellers by the N ile were 
able to manufacture cambrics of a finer texture than the most finished modem mecha- 
iiibm can produce,^ as is evidenced by the cerecloths wrapping the mommies, and 
that from a fibre so coarse in comparison to European flax, tMt while the latter may 
be spun by machinery to 300 or 400 leas, and by hand to 1200 leas, the former can- 
not be put higher than 40 to 50 leas, and rarely even to that. 

Ill the acuti.hing operation, three several matters are obtained ftrom the flax stems. 
'I'lie first is the fibre, which is the primary object, and which is the really valuable 
]>ortiOQ, that known as ** flax” in commerce. The second is the woody refuse of the 
stems, hitherto applied to no other use than as fUel, or occasionally in Ireland as a 
covering for cuttings of potatoes, when plant^ to protect them from frost Mr. Pye, 
of Ipswich, however, proposes to make it available as an auxiliary food for 
cattle, having the authority of Professor Way that a sample analysed by him yielded 
7 <12 per cent of oil and fatty matter; 7 ‘03 of albuminous matter (containing 1*25 
nitrogen), and 26 29 starch, gum, sugar, &c. He (Mr. Pyc) recommended its use 
for feeding live stock, in conjunction with ground oats or other farinaceous food. 
Professor Hodges, nevertheless, in analysing another sample of this ground ligneous 
matter, gave quite a different result, his estimate of the nutritive constituents being 
as follows*. — nitrogenised flesh-forming matters, 3*23 per cent ; oil and fatty matters, 
2 91} gum and soluble matters, 14*66; and he compared this with the average results 
of seven analyses of oil cake, giving nitrogenised matters, 28*47 ; iktty matters, 
12*9(1 ; gum and other soluble matters, 39*01. 

The third portion separated by the scutching process is termed ** scutching^iow,** in 
Ireland ; in Russia and Prussia,** cudt7/a,*'' in France and Belgium, ** elauppe c/e teiUage” 
dc'scribed above. These branches of the trade consume annually many thousand tons, 
imported chiefly into Scotland, from Russia and Prussia. In France, Belgium, and Hol- 
land, the codilla or scutching tow is chiefly retained by the growers or factors at home, 
for a domestic manufacture of similar goods, and of coarse blouses and trowsers. It has 
also been employed for conversion, by Claussen’s process, into a finely divided mass of 
fibres, capable being mixed with wool and spun along with it into yarn, the tabrio 
made from this yam being ohiefly hose. 

Before procee^^ to treat of the processes to which flax fibre is subjected subse- 
quent to scutching, it may be well to glance at the uses to which the se^ is applied. 
This valuable pr^uct of the plant furnishes two articles of much utility, and of very 
extensive use, — ^the oil and the cake*. When the seed has been separated, dried and 
threshed out, it is either sold again for sowing or for conversion into cake and oil. 
Of course the former purpose only consumes a small proportion of the seed produced 
throughout the world, and in many countries it is not of a quality suitable to the chief 
flax -growing localities. Thus, while northern Rossia, Germany, the Low Countries, 
and France either export seedfor sowing, or consume their own produce to a eoDsiderable 
extent for this purpose ; the southern provinces of Russia, the states along the Medi- 
temmean, Egypt, Turkey, Greece, and the East Indies, while large exporters of seed 
for crushing, cannot sell any for sowing. The supply of the seed cruisers of the 
United Kin^om is more largely obtained from Russia and Hindoostan than from any 
other countries. The entire annual Import of seed into the British Islands averages 
600,000 to 600,000 quarters, value between a million and a half and two millions 
sterling. The conversion of flax seed into oil and cake is carried ont by different 
methods. In France, Belgium, Holland, and the north of Europe generally, where 
a large quantity is crashed, the apparatus employ^ is \ jry simple end yet very ellbe* 
tive. Lille, in Franee, Courtrai and Ghent, in Mgiuin, Keuss, ift ^Ihussia, and the 
province of Holstein are the great seats of this maniracture. See XdmBSP. 

The seed is pounded in a kind of wooden mortars, out out of solid timber* and at 
the bottom lined with thick copper. By meons of a revolving shaft, fomished 
with prqjeetiDg aotehes of wood, beams of oak 20 feet high, the ends shod with 
VOL. II. Z 
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cluuinelied iron, tre nltcmately raised up and let fall Into the mortara, where, in a 
abort time, they convert the sera into a p^py maaa. 'When saffleiently pounded, this 
is then renioTtd and put into woollen hi^ which are then wrapped up in a leathern 
case lined with a hard twisted web of horse-hair, covering both sides and ends, but 
open at the edges. These are then ready to be pressed, and for this pur|K>Be are 
packed periiendicularlv in an iron receptacle, narrow at the bottom, and widt'ning 
towards the top. Packings of metal are then put in, and in the centre of the bags is 
inserted a beech wedge. A beam similar to that employed in pounding the seed is 
then set in motion, and at each descending stroke it drives the wedge in tighter, thus 
squeesing the bags of seed against the iron sides of the press. When the wedge has 
been driven home, anodier is introduced and battered by the beam, nntll it will drivc 
no farther. At the bottom of the press arc holes through which the oil thus pressed 
out of the seed ruus into a reoeptatdo beneath. In order to loosen the wedges and 
admit of tlie bags being removed from the press, a wedge of a different form, wide at 
bottom and narrow at top, and already a fixture in the press, but raised up and fastened 
by a rope during the driving of the other wedges, is released from the rope, and another 
beam drives it home, thus partially starting the differently constructed wedges and 
loosening the mass. The bags with the pressed seed are then taken out, and the 
latter, having lost the greater part of its oil while subjected to so considernhle n 
pressure is found in a thin hardish cake, taking the form of the leathern cose, and off 
it the woollen bag is readily stripped by the workman's hands. The oil obtained by 
this process is the purest and most limpid ; 'but another process has to bo performed 
before the soed yields all that the pressure is capable of extracting from it The 
cakes, therefore, when taken out of the bags, are broken up and put into the mortar, 
where the same pounding ofieration takra place. When again brought into a enm* 
minuted state, the powder is put into a circular iron pan or kettle, under which is a 
fire, and slowly roasted in it, being kept from burning by means of an iron arm which 
is moved round inside by the machinery, constantly turning tlie ground seed. When 
sufliciently warmed bv this operation, during which it is made to part more freely 
with the oil, the mass is again filled in bags and pressed as before, after which they 
arc finally, the liags being stripped off, pared at the edges, put in a row to dry, and 
stored for sale. 'I'he oil thus obtained is darker in colour than that by tlie cold 
procehs, and contains more mucilaginous matter. Many foreign oil-millers, however, 
only employ the hot plan, believing that they have thus a larger yield than when the 
cold prt'ssiire is first used. Sec Linseed Oil. 

In England, the cold pressure is little, if at all, practised, the seed bein^ almost in- 
variaiily warmed before pressure. The system of crushing, formerly universal here, 
had some resemblance to the Flemish method above detailed, the chief difference 
being in the mode of preparing the seed, prior to its being put in the press. The 
first process is to pass slowly from a hopper, the wliolc seeds into a pair of smooth 
or fluted metal rollers, which, in turning on each other, crack the seeds. Heavy 
edged stones then grind them into a meal, a little water being added during the opera- 
tion, which fiicilitates the comminution of the seed. I'he meal is then put in the 
kpttle before described, and while heated and stirred in it, the water mixed with 
it is evaporated. It is then bagged and put in the press, where the atampera^ falling 
on tlic wedges, effect the desired results. The most recent improvement in the mode 
of pressure, and one now largely adopted, is the hydraulic press, and it is generally 
considered that a larger yield of oil can be obtained by its use than by the wedge and 
stamper-beam method. Blundell's (of Hull) patent is that most generally employed, 
and Messrs. Samuelson of that place are distinguished as makers of it, having intro- 
duced themselves some modifloations and improvements. The oil obtained from flax- 
seeds or Unsaid as it is generally termed, is of very extensive nse in the arts, and is 
the chief venH for painu. To suit it for this purpose, and to moke it drjr quickly, 
it is mostlv boiled in an iron pan, and daring the operation a quantity of litharge is 
dissolved in it The cake is a very fovourKo article with stock-feeders, being com- 
bined, as containing much nutriment in small bulk, with roots or other vegetaUe 
food, having large balk with small nutriment So extensively is it consumed in 
Great Britain, that besides the very large quantity made foom imported seed* fully 
80,(100 tons of foreign cake are annually imported. On the continent inferior qualities 
of cake are ground to a coarse power, and either applied to the soil as a top- 
dressing, or steeped in a liquid munure, and the mass spread out on the land m 
that state. 

Scutched fiiax fibre appears in tbd market made up in different ways. Russian is 
in large bales or bundles ; Dutch and Flemish in bales weighing 2 owt, the fibre teing 
tied in heads," each of which is about as much as the hand will mip* Iri^ " 
made up in bundles termed ** stones," the weighs of which is either Ifil lbs. or M Ih^ 
In this state it is piled in the stores of the spiimer, care being takett that it he placed 
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on a groand'lloor. flagged or tiled, and not in a boarded loft, aa the bnmid atmosphere 
of the former is eondnoive to the preservation of the suppleness and ** spinning 
quality *1 of the flbre, whereas it deteriorates oonsidenbly when eaipoied to a drier 
air. 

The first operation which it undergoes in the spinning fliotory is haeUmg. 

This process is required to comb and straighten the fibres, to get rid of any knots, 
and to lessen and equalise the sise of the fllameali. The aetloo of the hankies nsoes- 
sarily divides the scutched flax into two portions, the long, etraight ones, which re* 
main after the flax has passed through the operation, being termed “ linet" and the 
woolly or cottony looking msM which remains, being desmnated ** tow.** Both of 
those are spun, but the line produces the finer and better quauties of yarn, and is con- 
sequently mueb more valnable than the tow. The great object, therefore, is to obtain 
tlie largest possible qaantit}[ of the former from a given weight of scutched flax, and 
the yield of line varies considerably according to the nature of the sesHon. Spinners, 
therefore, are anxious as each new crop of flis is brought to a maiketahle state, to 
ti ht the yield of line, so as to guide them in their purchases. Thev are thus enabled 
to ascertain more clearly the suitability of the samples for ** warp or “ weft” yarns, 
aiul for thread-twisting. Warp-yarns being those which constitute the long threads 
ol a linen fabric, require to be harder and stronger than weft-yarns, which form the 
iMoig or short threads. 

Tlie yield of line, os well ts the general eeonomw of the operation, is, of course, 
gt eatly dependent on the nature of the hackling-maohine employed, and great scope for 
cure and ingenuity is thus given to the machine makers. A great number of hack- 
ling 'machines huve, from lime to time, been brought out, employed in the factories, 
nnd buhsequently abandoned, when others, .having greater merit, have been in- 
vented. 

Tfi the early period of the linen manufacture, when spinning was done exclusively 
h} hand, no liaekliug-niaehines were employed. The process was exclusively eflected 
h> hand'hacklcs. i*>cn after the introduction of machine-spinning, they were, fora 
long period, the sole means of hackling. Of late years, the machine has been more 
and more brought into use, and although hand-hacUing still exists to a considerable 
extent, the other method is by far the more extensively employed. 

For hand-hackling, the tools used consist of a surface studded more or less thickly 
with metal points, c^led hackle-teeth, through which teeth the flax is drawn by the 
opeiator. 

'Pile hackles ordinarily used for hand-hackling in this country are in the form of 
rectangular parallelograms, presenting a Fine of 7 inches towards the worker, and 4 to 
h inches deep. The first employed is called the ** ruffer,” the pins of which are 
ai>out inch square at their base, and 7 inches long, and brought to a fine point { the 
second is the ** common 8,” which is always used a^r the ** ruffer ; then the ** fine 
8," the ** 10,” the ** 12,” the ** 18.” The pins of all these tools are similarly placed to 
those of the ruffer, but are somewhat shorter in length, and are more slender as the 
tools increase in fineness. la all these tools the pins are held in wooden stocks of 
altout } inch in thickness and covered with sheet tin. This sheet tin, through which 
the pins are driven, helps to support them and prevent the wood ftrom splitting. 
These tin covered stocks are only of a sise necessary for the extent of pins em- 
ployed, and are them- 8oG 807 

selves screwed to other 
larger pieces of board, a 
little broader and some 
inches longer than them- 
selves, and by which they 
are ultimately fixed to 
the hackler's bench, in- 
clining somewhat back- 
ward with their points 
iVom the worker, and a 
sloping board behind to 
prevent the flax entering 
too much in the pins, 
thus: 

Fig. 806, end view of 
a hackle ; Jig* 807, front 
view of hacUe ; Jig* 808, 
hackly fre., fixed np for 
working, a pins ; 6 tin covered stock | e foundation board | d bcim of table or 
bench { s bock board ; /table to receive ^e tow, Ac.; o hand of workman. foiV^h fo 
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the form of Iinckle iti England, and also the manner they are, of whatever de« 
icriptioii. fixed for work. 

'J'he operation of manual hackling is eimple in prmciplo, although it requires much 
experience to acquire dexterity. 

'I'he workman having first divided the fiax into handfuls or stricks, of which there 
are .100 to 400 to the cwt., proceeds to grasp one as fiatly spread as possible between 
Ids forefinger and thumb, by about Its middle, and wind the top end round his hand iu 
usder the lietter to prevent the slipping of the fibres y he then begins by a circular 
swing of hii arm to lash the root end into the hackle, taking care to commence us 
near the extremity as possible, now and then collecting the fibres by holding his left 
hand in front of the tool, turning the strick from time to time. He thus gradually works 
up os near as possible to his right hand, when he seizes the ruffed part of the striek 
and holds it iu the some manner as at first, and proceeds by a similar treatment to 
** ruff the top end; when this is finished the ruffed " work is taken to the tool 
called a ** common 8," the pins of which are much closer placed than those of the 
niffer, and are only four or five inches long. 'I'his “ 8 *’ is always used after the 
ruffer, but fi'om it the work cun be taken to any of the finer tools, viz 8, 10, 12, and 
sonietiines 18. It is usual and better to dress both ends over each tool before takirtg 
the work to the next. The pins of all these tools are 4 inches long, in order, as w.is 
supposed, to have sufficient spring. The fiax is not lashed into them as into the 
riillers, neither are the emls required to be wound round the hand. But the root end 
of the flux is always the one to be first worked, and the hackling begun at nearly the 
extremity of the stick, which on being drawn through the hackle is received b> the 
left hand of the workman, and by it carried back and laid upon the back board and 
over the point of the pins, for the angle of inclination of the hackles and a slight 
lowering of the right hand causes it to enter sufficiently on bciug drawn forward. As 
it is imposbible to ruff or dress entirely up to the hand, when the hold is changed in 
cither operation, there must of necessity be left a certain space to be repossed through 
the tools ; this is called the ** shift,'* but the less length that is required for this pur- 
pose the better for the yield of line. The numerous long fibres that slip fVom the 
sirick in ruffing must be collected and drawn from the mass of low attained to them, 
when they can be relaid in the strick, or kept to be dressed separatmy under the 
name of ** shorts," and from time to lime the short fibres or tow sticking to the teeth 
of the finer tools arc removed. Whenever one-half of the length of the strake of 
flax is buckled, it is turned round to hackle the other half. This process repeated 
upon each hiieklc. From 100 pounds of well-cleaned fiax, about 45 or 50 pounds 
of hackled line ma> be obtained by the hand labour of 12 hours ; the rest being 
to V, with a small waste iu woody particles of dust. The process is continued, till by 
careful handling little more tow is formed. 

To ai<l the hackle in splitting the filaments, three methods have been had recourse 
to; beatiug, brushing, and boiling with soup-water, or an alkaline lye. 

Beating tlnx either after it is completely hackled, or between the first and second 
hackling, is practised in Bohemia and Silesia. Each hackled tress of fiax is folded 
in the middle, twisted once round, its ends l>eitig wound about with flaxen thrcuils; 
and this head, as it is called, is then beaten by a wooden mallet upon a block and 
repeatedly turned round till it has become hot. It is next loosened out, and rubbed 
well lietween the hands. The brushing is no less a very proper operation for part- 
ing the flax into fine filaments, softening and strengthening it without risk of tearing 
the fibres. This process requires in tools, merely a stiff brush mode of swines' 
bristles, and a smooth board, 3 feet long and 1 foot brood, in which a wooden pin 
is made fast. The end of the flax is twisted two or three times round this pin to 
hold it, and then brushed through its whole length. Well hackled flax suffers no 
loss in this op|||tion ; unhackled, only a little tow; which is of no consequence, as 
the waste is thMby diminished in the following process. A cylindrical brush turned 
by machinery might be employed here to advantage. These have been tried in 
establishments fur machine spinning, but not found advantageous. 

• The object of all hackling being to produce a good yield of line with tow of good 
quality, that is to say, free from broken, unsplit fibres, lumps, and knots ; the care and 
attention necessary to do this, with the expense and uncertain result of the individual 
skill of workmen, urged manufacturers to attempt the establishment of machines for 
effecting the process. Therefore many contrivances were invented with this view, 
but it was long doubted whether any of them made such good work, with so little loss, 
ub hand labour. In hackling by the hand it was supposed that the operator would 
feel at once the degree of resistance, and be able to accommodate the traction to it, or 
throw the ffax more or less deeply among the teeth, according to circumstanceSy and 
draw it with suitable force and velocity. For a considerable period these ideas, or 
rather prejudices, as they may now be called, seemed to be confirmed; fbr the earlier 
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attempts to sapcneile hand hackling, like tbcwi in many other andertakings, though 
partially favourable, were, on the whole, rather discouraging. In attaining one point 
desired another was lost, for too much still depended on the care and attention, if not 
on the actual skill, of the persons attending the machines. 

It will be desirable, therefore, to give particulars respecting some of those which 
have been fVom time to time invented, although they arte not now m use, as a lesson for 
preventing the repetition of things already known, aa well as to Illustrate tiiO steps suc- 
cessively taken. The first machine invented, or, at least, published, was called the 
** Peter,** and was intended to illustrate, as clearly .ut possible, the movemews of the 
hand hackler. The flax was first divided into small convenient portions or handfuls, 
about 4 os. each, called ‘*striuk8,** which, before being taken to the machine, were 
slightly straightened and dressed over the ordinary baud ^rouglicr/* Each of theae 
was then idaced between a pair of short iron bars, called a** holder,** one of which had 
an indentation in the middle, and the other a corresponding prcuoction. Thus, when 
tightened together by screws inches apart (such length being e«]ual to a man's 
grasp), the strick of flax was firmly held while exposed to the action of the hackles. 
'I'hc bolder was tiien snsiiended from movable levers over a truncated rectangular 
cylinder, upon the angles of which were fixed, at a certain angle, hackles similar to 
those used in the manual operation. The levers supporting the holders received from 
n crank a short up and down motion, so timed in their oscillations as to strike the 
holder neatly against the points of the pins at the time they were passing under, 
coining thus as nearly as possible to the eilect of a man striking in and drawing through 
the hackles, exc<‘pt that tlie flax remained nearly stationary, and the hackle was drawn 
tliroiigh it by the rotation of the cylinder, whereat in the hand process the hackle 
\^as stationary, and the flax drawn through it by the operator. Each machine carried 
two holders. The tow made and collected from the holders was seised and taken off 
by boys stationed for that purpose, while another, at the ringing of a licll, took out 
and changed tlu bides of the stricks to be presented to the action of the hackles, and 
suhscqucntly withdrew them from the first machine to another similar hut with finer 
hackles, and thus continued until the rootend—al ways the first operated on — was dressed 
to the desired degree of fineness, when they would he taken to a tabic where another 
set of boys, previoubly to removing the first holder, put on a second to the already 
hackled part, leaving about 2^ to 3 inches to be re-hackled. This operation is termed 
** bhifting,** and the space lefl, ** the shift;** it is thus performed and remains so called at 
the present day, the only change being that in the holder now in use one screw is used 
for two stricks instead of two screws for one strick. 

Fig. 809 V ill more clearly show the constimction of this machine. square trun- 
cated cylinder cairying the hackles ; D, oscillating arm or lever for supporting the 
bolder; cc c, framing; d, crank and shaft; e, connecting rod from crank to oscillating 
arm ; f f r f, hackles ; o g g o. bark board ; h, holder. The first motion was given 
by pulleys on the shaft d, which revolved 4 times to 1 of the hackle cylinder, by the in- 
tervention of suitable wheels. The worm and wheels for the bell motion were at* 
tached in the usual manner to the shaft of the cylinder. 

Machines of this construction continued in rather limited use without any change or 
competition till about the year 1825, when a patent was taken for a machine known 
as the pendulum machine. The flax in the 
holder being suspended and swung back- 
wards and forwaids while the hackle re* 
mained fixed, the flax was thus hackled, 
stroke for stroke, on each of Its sides. The 
boys, as in the last described, snatching off 
the tow as it was formed, and at certain 
times, that is at each rise of the pendolum, 
for it had a rising and foiling motion to imi- 
tate the hand workers in commencing at the 
extreme end of the flax, passing the bolder 
from one recess to another of the pendulous 
table, so as to arrive at the progressively 
finer tools when ranged along the machine ; 
but sometimes the different tools were fixed 
upon the angles of a square cylinder that 
presented a finer range, the whole length of 
the niMhine, by turning up a new angfo at 
each rise of the pendnlnm, when the labour 
of the boys was simply to put in the tow 
and take out from it the flax. The adjoining diagram (fig. 810), terithout entering 
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on any dotails nt a machine that was so little uaed, will make the theory of ita 
action quite clear. 

610 A, hackle bench sometimes re- 

■* ^ **’***^ irolviog so as to present diflereiit 

\ / \ degrees of hackles at its various 

angles, sometimes stationary with 
the gradations of hackles upon its 
length I B n, pendulum arms ; 
c c, equal wheels working into 
each other ; d d, crank arms ; 
B, radial slide-bars to preserve 
the holder table vertical ; h, 
holder table; f f f f, hackles; 
a u, back boards ; 1 1 , direction 
in which the holders swing; there 
wore the same wheels, &c., at 
each end of the machine, and 
the holder table H reached fi om 
one to the other. The wheels, 
c c, with all attached to them, 
were made to rise and lower 
npdn the hackles, and the back- 
boards G to rise when the hackle 
bench turned. 

About the same time another 
patent was taken out for a ma- 
chine, where the holders were 
suspended above one end of a 
travelling sheet of hackles. This 
machine also required hand labour to turn and transfer the stricks, though the tow 
wus caused to full clear from the hackles by mechanical means. The following 
sketch (^^.811) shows the principle upon which this machine works, and though 
never miieh employed at the time of its appearance, has subsequently served os a 
foundutioii for those that are now in the acnith of their prosperity. 

A A ( fiq, Rll ), sheet of hackles; B, support for holders ; c 0, carrier pulKys for the 
sheet of hackles. Ftq, 8 1 2, a larger view of the hackle bar a a, in order better to abow 
the taller n d d, in the staples or grooves s e, and Jiff. 813, at the end of the hackle-b.ir 
Cl G : F F, pins of the hackles, between the rows of which the fhller d d p ac^s to push 
the tow of!' tile pins. There is a clearing faller d to each hackle, which is kept to 
the bottom of the hackles at that part of their course where they are in contact with 
the flux, but at the turn f d fly beyond the points^ as shown by the effect of the cen- 
trifugal force. 

All these machines, pgiseuing great similarity of features in regard to the 
personal attention required, never came Into such general operation as to supersede 
entirely hand-dressing, either from their own defects or preiudices against their 
employment. About the year 1830» in consequence of the new mode of spin- 
ning being carried on 
with considerable energy, 
it was found advantageous 
to cut the flax into 2, 3, or 
more lengths previously to 
hackling, which rendered 
it necessary to have ma- 
chines peculiarly adapted 
for this new short descrip- 
tion of material. Thisma^ 
chine* known as the ex- 
centric or circular ma- 
chine, deserves consider- 
able attention ff)r its own 
inherent merits, and the 
extensive utility it has 
proved to be of in soggest- 
ing the principal parts of 
those by which it has been 
. supplanted. In its ofi- 

ginal form it was made of a breadth suitable for only one stnek, and consisted of a 
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cylinder 3 ft diameter, npon the whole eireamferenee of whleh at iatenrab of 3 or i 
inches were fixed the hackles. As each machine eonld only carry one description of 
hackle, it was necessary to employ a senes of these machines, eafled a ** oUss,** when 
the flax required to be dressed over asncoossion of finer tools, eaoh sncceeduig machine 
carr^ mg a hner tool than its predecessor. The hackles were cleared of tow by coming 
m ( ontact at one part of their revolntion with a brush roller, Which aha revolved in 
contact with a cylinder covered with card olothiam the points of the pidi being In such 
u direction as to clear the brush from tow, and alTow iMf to be in its tom beared by 
the oscillations of a comb, whence by rollers the tnw was brought into a silver. In 
order to preserve the continuity m the supply of to» , and maiutaiti the re^larity of 
the sliver produced by it, the holders with the flax were presented to the hackle 
e'ylmder in a manner peculiar to this machine, dUd in endless jmccession by mranS of 
certain circular ran icrs plsced at each end of the hackle cylinder, but oxoentrlptheretd^ 
and at such a distance apart as each should bear one eini of the holder as it ek^ 
tended across thi cylinder parallel to its axi^ Thus the holders uitr Nluoed at that 
part of the circumference of these earners furthest fiom the hackles ve*re carried for- 
w lid, while the flax was in operation, till they were brought almost into contact with 
the points of the pins, when, by the mtonrention of a slide, they were withdrawn from 

814 



the machine, bnt with one side only of the flax dressed, and that but on one tool ; there* 
fore the bolder required replacing in the same machine, m order that the second side 
of the strick should be dressed as was the first The holders then required to bo 
carried by band to each succeeding machine of the class. 

The preceding figure (814) rhows the leading features of these machines : a a, 
hackle cylinder; d d, excentnc wheel to carry holders in its recesses h, A, A, A, A ; c, 
bhde npon which the holders were laid so as to fsU into the recesses A A of wheel 
u ; D, slide for taking out holders ; e, brush cylinders with brushes ; a, cylinder covered 
with card clothing ; h, holder come out; i, dofling comb. The space of the bolder 
carrying wheel was filled with holders, and so mamtained in endless succession, and 
thus each served in some measure to keep the end of its preceding one down into the 
hackles. 

About 1833, a machine was patented consisting of two parallel blinders, over 4rhioh 
the flax was earned, revolvmg in its progress so as to present the alternate sides ol 
the Btnck to the himkles, the progr^ively finer tools being ranged along these 
cylinders, so that having passed the length of one cylinder one end was completely 
finished. When the holder was taken out, ** shifted,** and replaced, it was carried 
Wk along the second cylinder, and thus returned to where it ‘oommenced, finiahed. 
This machine, however, never was carried farther than the experimental one ftw the 
patent 

Another machine (Wordsworth’s) the same year made its appearance, and which 
for some time ei^oyed much celebrity. It ooatietcd of two parallel vertical ahoete 
of hackles running together, and so geared that the hackles of one inWlieeled the 
interstices of the other. The flax suspended in its holder ftom a apeelM of troiigh 
passed between these two sheets, and was thus hackled simultaneoiislyoii ea^ ai^n 
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itR couno through the progrcMively finer hackles from one end of the machine to the 
other. 

A A (815), hackle sheets ; d a, holder trough or slide | c c c pulleys for carrying 
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the hackle hliocts ; a a, brush rollers ; a n. rollers covered with card clothing to clear 
the brushes ; i f, doffer combs ; o o uo, hackles ; ii, holder; 1 1 , brushes. 

It IS unnecessary to notice more at length the dillercnt machines brought out, em- 
ployed for a time, and then rejected. Although the hackling and spinning of flax, in 
the* full length as it grows, was what was first practised by liaud, the first really suc- 
cessful machine for hackling was what was known as the ** circular machine *’ for 
hackling cut line/' as it is called, or the long flax fibre broken into several lengths. 
It had always been known that the top and root ends of the fibre were of very infe- 
rior quality to the middle, and of course when all was spun in one length the yam 
produced was inferior to what the middles could be spun to, while superior to what 
th<’ tops and roots would produce. It therefore occurred that in the general qualities 
of flax the division of tha fibre, so os to separate the different portions named, would 
be advautageouR to the iptnncr. The operation of cutting was performed by a simple 
machine consisting of a pair of jaws, so constructed that when the flax is introduced 
bi^twoen them the different parts, instead of being clearly cut off, are, so to speak, 
bitten off, leaving ragged efidfl. This is desirable in order that the ragged ends might 
interlace in the S|Mding prior to going through the pKparing machines, which pre- 
cede the spinnini^l^eration. The machine for hackling cut line was brought out 
about thirw years since, and underwent, before it Was finally set aside, a considerable 
number of modifications for the purpose of economising me labour in working it 
About the Same time the *' fiat machine ** was introduced, which was more particularly 
intended for hackling long flax. The nature of the operation of these machines was 
the same, the flax being acted on by different series of hackles fixed in the circum- 
ference of a cylinder in the one machine, and on an endless sheet in the other. The 
curvature o^the cylinder was no objection in hackling cut flax, but for actinjj; on long 
fibres it was necessary to put the hackles on a sheet, for the purpose of getting suffi- 
cient length of flat sorfhee. The most successful machines, and which displaced 
all previous ones, have been modifications of these of different kinds, some of them 
being simply contrivances for saving manual labour, and giving certainty to the action, 
and others combining other improvements with this object. Carmichael's patent ma- 
chine 816, 817 ) was, as brought out at first, simply the old flat machine with self- 
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Acting motionf for aetoattog the hoMen applied to it. It waa afterwarda mneh im- 
provA hy the adoption of an inclined sheet in imitation of a very successful self-act- 
tiiig niodifleation of the old flat machine vhich was brought out by Combe, of llcl- 
fast, whose machine, at this time, is considered by many to be the best one in use 
for long line. 

The distinguishing feature in these rival machines is, that in Carmichaers the 
motions are all performed by the descent of ponderous weights, while in the other 
tb<^ are performed by the direct action of the machine. 

There arc other differences affecting the working of the machines, which arc by 
practical hackleri oonaidered of great importance, and as giving mure value to Combe's 
machine. The most important of those is the fkeilily of a^nsting the place where 
the holders approach the flax, which greatly affects the yield of line. 

The same principles of actuating the holders were applied to cylinder machines for 
hackling cut flax, but as these have been displaced by more recent inventions, it is 
not necessary further to refer to them. Woi dsworth's machine, already figured (8 i .5), 
was of importance, as being basis of several otlu r valuable machines. Its essential 
feature was arranging the buckles on two sets of endless shifts placed opposite each 
other, and driven and connected by wheel-work so as to revolve together, the surfaces 
being placed so close together, that the hackle pins penetrated the flax from both 



aides, and hackled at the same time. The large circle described by the pointa of the 
hacklca in this machine, which prevented them oqjtting the flax doM to the holdenf 
and other imperfections, led to its abandonment. About sixteen yean ainoe, Gotnbo 
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(tf BclfiMt, deiign<Hl for the eminent flax-spinning firm of JAanliall tnd Co., of lAiedt, 
a mollification of this machine, which since has been known aa Ardill and^ PiokaM's 
machine, and has come into extensive use. The principal new fkatnre In this tnaohine 
was the intnKluction of cranked wheels for supporting and canning the hackles, for 
the imrpose of making the points of the hackles descriU* a small circle, and thus enable 
them to cat close to the holders. Although sueeeNsfht this invention did not fhlly 
accomplish the ohjcct aimed at, Aluiut the same time, BSarsden's intersecting 
machine was hrought forward, and possessed a great reputation fhr a length of time. 
Ith success was a good deal owing to the flax haekh'^l hj it having an apj^ent fine- 
ness, but this vas not found to Im of practical value, as the spinning quality was not 
improved thereby. I'^r this reason it has gone greatly out of use. 

The next niaehitie which came into extensive use was Combe’s reversing cylindi rs, 
Jii) 818. These mni'liines are eonstnictod in a great variety of forms for diffenmt kiiida 
*of work, and seem to give very good results. They arc simple in their consti action, 
and give little trouble, acting lightly on the flax and making very wiry fibres They 
nr«. mode of all sixes, from 12 to dO inches in diameter, and with 4, C, or 8 gradti- 
iitions of hackles, according to the kind of work to bo done on them. The flax is 
hackled on each side, or each graduation of hackles, by reversing the direction of the 
rotation of c> linders. The low, or short fibre, is thrown otF the hackles by stripper 
rods, placed ht tween the rows of pins. 

1*114 next machine to be named is by the same inventor, and is styled the patent 
rcvi^rsing dieet hackling inaclnne Tt is for long line, on the same principle as that 
jii^r described, except that it has the hackles fixed on flat sheets, as in the ** old flat*' 
iii*\« hinc. It IS sniiplc and complete ; easily driven and attended, and a considerablo 
iiinitlK‘r arc n4iw m use. From the hackles being on a flat sheet, it is necessary to 
Tuakc the holders descend, first on one side while the sheets are moving in one direc* 
tmn, and then on the other while they are moving the other way. This is done by 
MipIKirtiug the eli.iuri4*ls which carry the holders on four levers fixed on two oscillating 
shafts winch motion is coiiiiiiunteated by a shaft. The holders are slid through by 
a IcMT on the top, which acts on a sliding bar, by means of a ball, which forms a 
uiiiveisal joint and actuates the holders, whatever position the channels arc in. The 
drawing here given, 810, will show the mechanism. 

liotli the iiiaelimes last described arc made double, or in fact, the construction of 
each is that of tw'o niuchines in one. The table for filling and changing the flax in 
the holders is attuehcHl to the machine. One side hackles one end of the flax, and 
the other side the other end. 

We now have to describe a machine for hackling cut line, patented by Mr. Lowry, 
of Manchester, and now extensively in use at home and on the continent* It ia 
virtually a modification of Wordsworth's machine, already described. 

/«r/. 820 is a side elevation of a sheet hackling machine to which these improve- 
ments are applied; fp.S'2\ is an end elevation of the same; fig, 822 is a front view ; 
ai\i\ fuj, 823 an end view of one of Lowry's improved hackle bars. In fiat, 820 and 821, 
a a represent the belts, shwts, or chains to which the hackle bars o are attached. 
These belts, sheets, or chains pass around the small drums c r, and larger drums 
i/ d, which arc turned round by the gearing, shown in the drawing, or by any other 
suitable arrangement of gearing. The hackle bars bt are made with a recess tO 
receive the stock of the backks i , 

The hackle bars b are connected to the belts, sheets, or chains a, a, by means of 
rivets or screws, passing through the flanges b, and through the belts, sheets, or 
chains a ; and at each end of each hackle bar is a stud or guide pin b\ which, when 
the hackles arrive near the small drums c, c, take into the groove in the gnidc plates. 
The object of these guide plates is to support the hackle bars in passing over the 
small rollers r, and during the operation of striking into the strick of flax or other 
fibrous material to be operated upon. The holders with the stricks depending from 
them, are placed within the rails t, i, and these rails are made to rise and foil and the 
holders are made to pass from one end of the machine to the other, in the usual 
manner. When the machine is at work the drums c and d revolve in the Erection 
of the arrows in fig. 821, and the hackle bars being attached to the belts, sheets or 
chains a, and supported by the guide plates, cause the hackles to enter the stricks of 
fibrous material at or nearly at right anglm to the fibres thereof^ and to retain that 
position at the commencement of their downward motion ; whereby ai the beltii 
sheets, or chains continue to descend, the hackles a^' drawn through the fibroua 
material for the purpose of removing the short fibres and extraneous matter. Another 
great advantage resulting from this improved mode of attaching the hackle hars b to 
the belts, sheets, or chains u, is, that the hackles can be made to enter the fibroua 
material at a point closer to the hfAdet than in any of the sheet maehhiea now h& use. 
When the hackles are passing round the dnuu d d^ they eve hy the 
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r«Yo1vin(r hruihoi which deposit the material remored from the hackles on to 
the card drums k, k. These drums are cleansed or doffed by the combs / A or in any 
other coDTcntent manner 



Thu machine is also used to a Tory large extent, and well liked for dressing 
line and full length flax. For this porpose the sheets require to he made six inehei 






( ombt, of lU Ujflt has nc^ntly produced another edition of Wordsworth’s machine. 
Its novel Icaturc consists in dispenbing ^ith bars altogether, m carrying the hackles 
and m fixing them dinetty on the leather sheets By this means a very true action 
IS obtained, and the woiking parts are so light, that the machine beais any speed 
with scircely any wear and tear In this invention there is alsti combined convenient 
modes of regulating the lift and severity of the cutters to suit different kinds of flax, 
and the holders are earned through the machine by a separate apparatoa for that 
purpose, while they are at their highest elevation, instead of during the whole process 
of lifting, as had always been the case in other machim 
The cutting of flax already referred to, is effected by a machine conaiitlng of a 
species of circular saw about 20 in in diameter , but instead of a aingle blade, it if 
constructed of S or 4 plates of steel, each about J in thick, and having angular pro- 
}ectiona from their circumference This revolves at a considerable velocity, while 
the flaxi flrmly grasped in each hand by its ends, ii still fhrt^r held end slowly 
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earned the law by two pair of groored pulleys preaaed together hy a oonaider- 

ahle weight. It is thus partly huwn and partly brokeo through. Flax may be cut 
into 2, a, and sometiiocs 4 divisions : and sometimes the dead harsh fibres that are 
frei|i>eiitly found at each of its ends only are cut off and used as tow ; but more 
generally the different i>ortioiis are hackled and used for the purposes tlic> are sorted 
/or. 

Description of flax cutting mathwe (flge, 824, 825). ▲ a, fVamuig ; u, the grooved 
624 825 



pulleys for bolding and carrying the flax ; r c, the driving policy ; d, saw or cutter ; 
1 ., wheels for gearing together the pair of holding pulleys ; o, H, I, R, pinions and 
w heels foi producing the proper rdatne speeds between the cutt<>r and pulleys; L, 
weight, whieli by levels M and n, causes the pressure of the holding pulleys. 

Di sparing. — 11} this term is understood those prelitninury operations through 
which both line and tow must pass after the hackling and before the bpinning pro* 
cess 

The mechanism and niodes of proceeding for this purpose which consist of repeated 
drawings, are similar for *Mong” line or *^cut ; ** though the dimensions and fineness of 
the machinery must he made suitable for their varions lengths and quHlIties. Ihit m 
the preparation of tow a peculiar additional operation is demanded, ns a consiquence 
of the different state of the fibres of which the material is composid ; this operation, 
termed carding,” has for object to bring the highly irregular and entangled inabs 
into a somewhat more homogeneous and uniform state, previously to its being after- 
wards drawn and equalised in o manner similar to line. 

In the preparation of line the first operation is called ” spreading,” or first drawing; 
and the machine emploved a ** spreader . ” those subsequently are the second and 
third “drawings” (sometimes a fourth is used), and lastly the “roving.” It is upon 
the spreader th^ the separate strioks of line are first eombined and drawn into long 
iiTiiform bandskribhons, called “slivers,” of determinate lengths. This is effected 
b} subdividJngthe stricks into two or three portions, and then placing them con- 
secutively, Blight^ elongated, and overlaying each other about jths of their length 
upon and in the direction of an endless creeping sheet or apron. The macbincs are 
geneially made with two of these creeping sheets or aprons, and upon each sheet are 
thus laid two distinct lines of stricks; each of which forms a thick uniform body of 
line, and capable of being maintained to an indefinite length. These endless creeping 
bhcets supply continuously another part of the machine, where the body of ** line ” is 
drawn out to between 20 and 60 times its original length, according to whether it is 
composed of cut or long fiax. This part of the machine comprises a pair of holding 
or buck rollers ; an endless sucoession of bars called fkllers, bearing combs of closely 
rangi>d steel pins,' through which the slivers are drawn; a pair of drawing rollers ; an 
arrungoDient of diagonal or doubling bars; and a pair of delivering rollers. Is 
genmll j termed the “ gill fVame,” or “ giU bead,” probably from the French word 

aiguilles ” (needles), as descriptive of the combs, and to distingnish this machine from 
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those fomerly used for the same purpose, which simply eonsUted of a senes of 
rollers, under and over which the line was passed i 

The following figures 82G, 827, show the outline of the iment most approyed gill 
spreader or first drawing 

826 



A A, general fhime of the machine , n, Iriring pulleys c, auxiliary frame for end- 
less shuts D D o D rollers for canning the endless sheets or aprons, s lu, con- 

O 



dnetors to gnide and slightly condense the four bodies or sliyers of Ime , y, can for 
reoeiTing the shyer , o, lever for weight on fh>nt or drawing roller t h, lever for 
weight on back roller , k, delivering roller shaft, sprin|/ and bell, whi^ by the inter- 
▼ention of geanng between it and tnt front rollv, is caused to rug when any d w irrt 
length of sliver is delivered 

a a, the iron drawing roller or boss ,656, the wooden or pressing roller, by the 
pressnre of which upon a a the sliver it held dunng the greater velocity ofthm rollers 
over that of e , the holding or back rollers elongate m exact proportion of its ang 
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'%nffnta(ion ; the liolding roller c i8 in liko manner pressed against another in order to 
assist the ** gills'* in n taming the fihns, h A, hoohed rods to conneU the weighted 
it\ei h with the holding rollei r, and h} the prossare thus caused insure its effect, 




d the sheet or surface of gills'* compost d of separate bars, as seen vX Jig 630, 
831 , c, rubber or cleaner of pressing roller b , fj^ conductors to contract laterally 
the silver at the iiioiiunt of diawing, g^ plate ot mital having diagonal openings at 
an angle of 40 ° (this plate is somctiincB calhd the ** doubling bars,” having been first 
Duidc of separate bars'' to the original couise of the shyer, in older to enable it to be 



turned in a rectangular direction and gnided to the delivering rollers K k ; this direo- 
tion of the sliccr is more distmetly seen at 839, t, hanger or connector of pressing 
rolU I b to Its weight lever c ; / ^ the screws or worm sh^ for carrying the gill bar 
ddt mm, the shaft with bevel wheels by which the screws at opposite sides of the 
frame are caused to move simultaneously; n a, pinions for connecting the upper and 
lower spirals of each pair; oo, the cams or excentrics for lowering and raising the gill 
bars ; p p,.weighted giudie lever or bell cranks ft>r guiding the fkller in its descent, and 
modi rating the shock caused by its weight when coming in contact with the lower 
slidi or support; q andv, worm and inieel for bell motion; s, f, a, v, ic, x, line of 
whcela from pulley to fhmt roller and from front roller to hack ; 1, 2 , 9 , line of gear- 
ing from back roller to sheet ; 4, 6, 6, 7, line of gearing fhim roller to dehvering 
roi^r , 8, from roller to brush ; y y, from back shaft to back roller. 

ihe machmes for the second, third, and fourth drawings, though in principle 
essentially the same, yet differ m some of their minor details finm ths foraging, as 
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they do not require the feeding sheet to euppljr them, the ■‘eliTer," from the epritder 
heving auificient coherence u to allow iteelf to be dnwn from the oani directihy the 
back rollers of these machines; neither is a bell motion requhdte to determine the 
length of slivers produced by them. The iubjoined sketehee dmw the general parts 
requisite 882, 833). 



A A (figi 632, 833), framing ; b, driving pulley ; c, support of sliver carrier ; d, 
roller for carrying sliver ; e, conductors ; f, can containing the slivers from the first 
drawing; o, receiving can; h r, the hackle carrying spirals; x, the diagonal or 
doubling bam ; K, delivering rollers ; l, the drawing rollers ; m, m, si, the retaining 
rollers. 
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The rovio|r frame is the same in regard to the arrangeinent of its haeik and front 
rollers and guls, as the drawing frames ; and as the position and manner of regnlatiiig 
the poles are generally the same as adopted for cotton, the deseription of iheae pnrta 
therefore does not require to be repeated; bat an improvement patented a Ibw yeoft 
since by Sir P. Fsirbaim, of Leeib, of that part of these framer whkdi vdatM to 
VoL. n. A A 



854 


FLAX. 


regulating; the taking up uiovemunt of the bobbin meriti particular attention, na bj it 
the ifieouveiiienoci of the older method of a weighted belt aud cone, and those of the 
more recent disc frames, are entirely overcome. I'be principle of this improvement 
coiisisth of driving a pulley by prchsuro between two discs runuiug at equal hpeeds in 
opposite directions, as seen al Jhjs, 834, 835, 836. 

/';y«. 834, 835. 'Jo obtain the variable speed, instead of iihtng a cone and belt as in 



some frames, or the pulley 
and single disc as in others, 
a 5, the horizontal driving 
discs, the lower one a is ke> ed 
to the shaft </, while the upjicr 
b is free to turn upon it ; i, 
bevel vk heel tilted to or form* 
ing one piece with the upper 
disc b ; c bevel wheel ke\ed 
to sh.ifl d; e intermediate 
be\el wheel gearing in the 
be\ el a heels c niid i, so as to 
. turn them in opposite diree^ 
I tii>iis, and consequently the 
I (ll^(s to ahicli the} are di- 
' rietiy or indirectly utUiched ; 
I </, the variable pulley covered 
with leather and resting upon 
I the lower disc o, and itself 
I pressed upon by the weight 
1 of disc b ; it is thus driven at 
speeds varying according to 
its approach to or from the 
shaft d, thus answering the 
juirpoBc of the traversing 
leather belt of the cone move • 
incut; A, shaft keyed in the 


piille) from which the varnible tnotion is transferred to the bobbins. 

A sei’u-s of prepai lug nuieliines, termed a “system,” consists m general of 1 spreading 
of 4 shvei s at the di awing i oilers, united into one by the doubling bars at the delivering 
roller, 2 frames of .sceoud drawing, in all 21 bosses 2 frames, third draw ing contaimiig 


835 


b.io 
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together 36 boMes ; if a Ibnrth drawing ia required, 2 ftwnife of 24 hoiaee eeeh, or 
48 bosses in all 180 apiiidles of roving in 3 ftaniea will well supply 8000 ipindles of 
nicdium spinning. The mode of using this ** system " is, is has alreidy hwa said, 
£rst to spread the stricks of line upon the fiMding-sheet of the ** spreader,'* then to 
receive the sliver or slivers there produced into cans capable Of holding 1,000 to 1,200 
yards of slivers. Tliose cans specially intended to reoele# the slhrers from this 
machine, are all made to one regular weight \ thus, when Oiled, the weight of line 
ouch contains is correctly asoertamed, and by the bell motion the length ie aXlO hnowu. 
Upon this basis is fouuaed the method of producing any decired number of yarn, and 
b> doubling the slivere, a degree of cquaUsation that the aimple spreading would be 
unable to effect; for at each drawing, and at the roving, several of the slivers from the 
preceding drawing are put together, to be sgain reduced to one for this object alone. 
Ilcnco. the weight of a determinate length in yards of the dtwired yam bidng known, 
a culcsulation is made, combined of the drafts and uomher of doublings the material 
has to undergo, to dt termine what the weight should be of that length of slivers con- 
tained in the cans from the spreader. It is ordinary to put 10 or 15 of these ** cans " 
together, to form what it called a ** set," the slivers of whi^h arc united at the second 
drawing with the subsequeut drawings and rovings. The combination of two or three 
■li\crs at each boss is sufficient. 

1 hough the above is descriptive of the “ gill ** frsmes now in use, yet it should be 
undcrsti^ tlicjp are by no nicana the first or only results of the attempts made to 
coi ruet the defective principle of the original roller maobines, which were incapable 
of holding or retaining the fiax with a sufficient degree of regularity, owing to ita 
unequal lengths and unadhesive nature. The eouseqaencea were that the yams pro- 
duced were lumpy ” and unlevel, makiug it evident that some improved means were 
necessary for more completely restraining and regulating the drawing of the fibrea. 
'riie most obvious way to do tlii> was to introduce some mode of partial detention by 
c rt nting a friction among the fibres to imitate the nctiou of the fingers in hand-spinning. 
This led to causing the slivers to pau through and among several ranks of serrated 
plus, which was found very nearly to attain the object, and 
the levelucbs and uniiormity of the slivers. Thus the use 
about thirty years since. 

I'hose firat brought into general use were constructed with circular discs or plates 
for carrying the fuller or gill bar, which at the same time were glided by their ends 
passing in fixed slides, so as to bring the gill in as vertical a position and as near the 
drawing roller as possible. 

Tiie figures (837, 838) are 
profile and front views of the 
working parts of one of these 
gills: — A, slotted plate or 
disc, of which a pair were 
keyed upon a shaft B, so as 
to carry each end of the 
fuller D, passing through the 
slots e c; V, tiie fix^ ec- 
centric slide ; a, h, the draw- 
ing rollers; f, the holding 
rollers. 

This was succeeded by the 
** chain gill," in which the 
fallera were carried forward 
by an endleat series of con- 
nected links, or jointed to- 
gether "slotted plates," in- 
stead of the simple circular. 

The object of this was to in- 
crease the flat aurfaoe of gill 
bars between the holding and 
drawing rollers, makmg it 
more suitable for the longer 
dwrtptions of material. The 
slides and rollers, being simi- 
kr in these machines to tbuwe 

in ^e former, are not repeated, bat the sketch of five slotted plitee li given' in 

fig* 839. 

From the evident in^or anee of bringiiig the retaining effeeta of the gOlana ehnelj 

A A 8 



certainly greatly improved 
of " gills '* became general 
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M {KMiible to tho point where the morement of the drawing fibrea U gnateet, 
several attempts hare been made to improve the above described gilb in this 
With this view Messrs. Taylors and Wordsworth patented a gill of 

considerable ingenuity (fig, 
B39 640), which therefore de> 

serves mention, though it 
never came into use. lu de - 
scription is as follows : — 
a, 6 the iUler or " gill bar" 
in one piece, which was 
carried forward by an endless 
chain ; c, slides placed hori* 
sontally over the gill sheet 
guiding the ends of certain 
bell -cranks e, /, joined at 
their angle in the recess/, 
of the gill bar, and at their 
other end to the gill or comb 
o. By this arrangement, us 
long as the bi‘ll cranks are 
in tho parallel parts of the 
slides c, df the gill teeth will 
be above the fuller a, 6, but 

when they arrive at the con- 

f - --it part the guided ends 

*"*"*‘"*" 1 *^ " ■- brought into the posi- 

® tion Q Q, and consequently 

the ^ill depressed is o 2; 
this is so timed as to cause 
them to clear the drawing 
roller, when,fOD again con- 
tinuing their course, they 
are again caused to rise 
and penetrate the sliver by 
the reversed inclination of 
the slides c, d, at the back 
roller. 

The objection to this in- 
genious machine was the 
largeness of the space sud- 
denly left open by the de- 
scent of the gill, as the doable fUler, bell crank, and gill necessarily occupied great 
width. 











The screw or spiral movement of the fullers, which was soon afterwards invented, 
quickly superseded all others in use, os by these means the fuller was caused, even in 
the manner thejr were first eonstructed, to approach closer than even in the most per- 
fected construction of the others, to the side of the drawing roller, and still maintain 
the pins in a vertical position. Recently this olject has been more perfectly at- 
Uined by a patented improved construction adopted by Messrs. P. Fairbaim and Co., 
whereby the obstacle to the &ller wholly touching the roller has been removed, and 
ftius producing the full holding eflRect of the gill to the latest possible moment. This 
is efiboted bv employing a method of supportiqg the spirals by their working in 
tubular rece^ iu the side plate of the machine ; along these recesses are longitudinal 
ojwnings though which the fUler end passes to enter between the threads of the 
spiral, and which serve also as slides to support the fidler. As by this means the 
supports or plummer Uocks that Intervened between the end of the spirals snd the 
roller are suppressed, the fUler is enabled to advance to the place they formerly occu- 
pied. 841 and 642 show this comparison of the older and more recent methods. 

A, B, spirals ; o c, the parts by which they are supported, being in Jig. 841 small 
pivou in plummet block d d, and In Jig. 842 hollow tube-like recesses in ftnme plate 
c c ; B X, piniona to work the upper and lower spiral together ; r, bearings ; o,draw- 
in^rollers i b, pressing rollers { z z, passuM of the fklleris descent 
Here it may be as well to observe tbat me same parties have still more lately intro- 
duced another important amelioration in these machines for remedying t^ noise and 
V ^bich ordinarily attend them by the abmpt and violent descent of the 

^ ifli sbows a sectional fhmt 'Hew of a head having thia improvement 

■ppiled. A A, aupports for wrews j d, c, top and bottom screws { d the new «»»• 
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llxed on shafts with the screws, and revolring at ths mie speed. Thus, these 

cams d d receive the faller e s at their laigest diameter, at the moment thej are free 
to descend, and guide them gradually down to the lower slide. 

Thus coustruuted, the “ screw gill cotittiiues to be the most esteemed hi principle, 
though not without some serious obirctions in praetice. For ths ahmpt and angular 
movement of the ** fuller** even here not only liberates too saddenly a portion of the 



fibres that should be but gradually relaxed at the moment of being drawn, hut causes 
considerable wear and tear to itself, the slides, and the gills attached to it i to which 
cause of destruction must he added the great fHction of the worm movement; these, 
however, in ** line '* preparing, where the fibres are long and straight, and the drafts 
employed large, and where, consequently, a comparatively slow movement of the 



gills is required, are not so nimh felt as In the preparation of tow, where they become 
morions. 

In ** tow preparing ** the first operation, as before stated, consists of ** carding,** which 
is generally repeated over two separate machines, which are respectively called the 
** breaker ^ and the ** finisher " caras. They are essentially the same in principle, and 
vary but little in construction, the only difference being that the ** breaker ** is fed or 
supplied by the disjointed parcels of tow ftom a creeping sheet (as the spreader with 
** line**), and delivers its slivers into a oaa, whereas the finisher is fdi ftom a tebbin upon 
which several of the ilivcrs from the ** breaker** are united by a machine enreaily fi»r 
that purpose, called a **lap frame;** this card tboa receives its supply of wm in a very 
regular form, and previously to deliverinff it in tbs form of slivers causes them to pass 
over a gill, to eonsolidate and strengthen them before delivering them into the receiving 
can ; it is also generallv clothed with a finer domription c? wire filleting than dm 
breaker. Though it is the better method to card thus the tow twice, yet this second 
enrding is sometimes dispensed with ; in that case this auxiliary '*g|il ** Is similarly 
fixed to the first card or breaker. The cards employed for tow are inaehinea of con« 
siderable weight and importance, tlie main cylinder, or, as it is sometimes called^ 

swift,** being from 4 to 5 feet diameter and 4 to 8 feet long ; those most generally 
employed are 6 feet long. Previously to entering npon the detailed dcseriptloit of a 
caifi, it may he as well first to trace in general terms the progrem of its opemtioM, as 
tending to elucidate the explanation of ue machine itselfi 




35B 


FLAX. 


The totr it tint dirided bj weighing Into small paredt of lo to 20 drams ; these 
are then shaken ont and spread so as to corcr certalft definite portions of the creeping 
feeding sheet, by which the^r are conducted to the first pair of rollers, called the feeders. 
Tliese rollers are covered with a leathern band, in which are fixed in close array a 
number of wire poiuts about ( an inch long, and having a tangential inclination to the 
circumference of the rollers, which arc about 2} inches diameter. The tow passing at a 
slow rate of progression between these rollers, is by them gradually presented to the 
points with which the swift is likewise covered, also set in leather bands, but which arc 
about 2 inches wide ; these points, the same length as those of the feeders, have an 
inclined direction pointing to that in which the cylinder turns. The much greater 
velocity of the ** cylinder ” combs and somewhat opens and breaks the tow as it slowly 
arrives in contact, and the inclination of the pins at the same time carries it forward. 
All such lumps and fibres as are not sufficiently opened and straightened by this first 
contact, remaining prominent on the surface of jioints on the cylinder, are carried by 
it against another roller, whose axis is parallel, and whose w irc-covcrcd circumference 
is brought as near as possible, without absolute contact, in order to catch and retain these 
prominent lumps and fibres ; the points of thia roller (eiillcd a worker '*) are inclined 
in a direction opposed to the movement of the swift, and, therefore, liold the “ tow *’ to 
be again combed and straightened as at first it was by the feeders: this is repeated eight 
or nine times, by having that nunil>er of workers to the card ; each of these workers has 
its attendant roller, also covered with wire points, by whose inclination in a contrary 
direction, and by the greater velocity of tharollcr, thetow is stripped from the workers, 
to be again laid on to the cylinder. 'Dte strippers, though running at a greater velocity 
than the workers, ar« still slower than the cylinder. The tow thus carried forward 
gradually improving In openness and regularity as it passes each pair of workers and 
strippers,*' finally arrives at the roller called a doffer, of which there are two or three 
upon a card, the wire points of which are in such a direction os to hook or catch the tow 
** ns it flies.” The use of these several doffers is, that by placing each succeeding one 
progressively nearer the swift, the longer and shorter fibres arc successively and sepa- 
rately taken off. Each doffer is cleared by an oscillating comb, and the slivers eon- 
ducted, if intended for the lap machine, into a can by delivering rollers ; but if finished, 
these delivering rollers are as it were the back rollers of the auxiliary gill, patented for 
this application by Messrs. Fairbaim and Co. ; whereby the slivers are not only saved 
from all danger of derangement in their loose and porous state as direct firom a card, 
hut the hitherto double expense of carding and first drawing is reduced to that of 
carding alone. 



A A. a {Jw. 844), framing ; 3 , swift or main cylinder; c, feed rollers ; ddd, strip- 
pers to feed rollers and workers driven by one belt from pulley b, and inalnUdnM 
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tiffiit by the roorabl rnllc} r, oar., workirR, x i x, the three doffers} n n a, 
iQtcnnediate vhiils to coiiiKCt the inovtment of the doffers with one another i kk a, 
oscillating conihs for tiuir rL^pettne doffirR , i, dtlm itng rollers » M, back roller of 
auxiliary gill , n, gill siirl icc op dt imiig rolh rs q, delivering rollers and bell 
motion for nutisuiing the sli^tnn the ciiih r, a a, doubling plate , T, pulley for driv- 
ing auxiliary gills by bell fiom tbc puller i 



1 he Inp fiinu to ^bi h ullnsion has already been made as the ntcessary adjunct 
to the ( irds whin double ( ii lin^ is to be performed, is exnjdoycd ioudlc^t together a 
immber of r1i\< fu in (lu bu ikii ’ h\ uindmg or lapping them upon a cylindrical 
puce ol no kI, Mhich ii u he disciibed is a lobbin shurik, thus producing an tqiia- 
lisitiun of th« I \ e t of tow as the making up of sets r fleeted in line pre^parmg, flmm 
Ml to 60 Ihs ot t n\ IS the usuil complement of one of these bobbins, flic len|rth and 
the dittinetei eKliLii full ab uit 22 inches, thus, a f feet Mide finisher e ird wul take’* 
cifl thefie bobbins at onee fieim Ki to 20 is the number of slivers usually wound to* 
getber, and the completion ot a beibbin by the ringing of a bell, coimeoted with the 
measuring cylinder of the machine The following is a descriptive drawing of the 
lap machine 



AAA (fign, 846, 847), firaming; a, measunng and preniag ejUnderi oof, 
dnvug pulleys connected with different gcanng to change the speed as the tebbina 
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fill; D, bobbin or ihnnk intended to be filled ; a, table to reoeivo the bobbin when 
about to be taken from the machine ; r, weight to ilioreaio the effect of prcsiureof the 



measuring cylinder by the connecting rods o g a, which are split for part of their 
len^h in order to pass the shaft h, and at another, g have racks into which work 

f iiiiions ke)ed on the shaft of the hand wheel l, for the convenience of raising and 
owering the cylinder and weight. The abaft h is divided at the plates k and l, and 
provided with sockets to receive the cod of the bobbin shank d, which is introduced 
by sliding back the piece b n, and returning it by lever m, and thus is coupled and 
turns together with two pieces of shaft h, as also the disc plates k and l, which are 
to serve as temporary ends to the bobbin during the time of its filling, and thus by 
turning with it avoid that rubbing and felting effect upon the edges of the tow so in- 
jurious in the machines formerly constructed, and by the bobbin acting as the driver 
to the cylinder the slivers are drawn tighter, and thereby avoid those plaits that the 
other machines were so liable to produce. 

As before mentioned, some objections were found to the working of the screw-^ill, 
of a nature detrimental to the machines themselves, which, though not of great im- 
portance in ** line,” were much aggravated in tow preparing, as the lesser drafts there 
employed cause a greater wear and tear of the fallers and gills. The objection to 
these machines, however, is not confined to this point only, but extends also to their 
eflect upon immaterial itself. The fibres of the tow sliver, u coming from the card, 
are in a lighAM much confused state, which renders them liable to be easily separ- 
ated; so thawne fuller, by its sudden descent, has a teodMiqr to draw some down, 
and become lapped by them, as well as to make so marited a difference in the Rich- 
ness of the sliver, by the withdrawal of the retaining comb, so as materially to trijure 
the quality of the vam. Thus this ** gill *' was not enabled to hold its place in tow 
spinning, when other circumstances 1^ to greater attention being paid to this im- 
portant branch of the flax business, and it became a desideratum to have a machine 
free from these defects, and capable of working without derangement, at much greater 
velocity 'than was safe with the ** screw-gill.” These desiderata the ** rotary ” gill, 
patented by Messrs. Fairbairu and Go., amply supplies. For in this pll the ciroular 
form of the gill sheet obviates the necessity of having several fallers, and the simple 
motion creates neither friction nor abruptness of effect, while the retention of the fibres 
l^ing continuous, the slivers produced are perfectly level and uniform ; conseqoentlw 
tbcM gillB are extensively applied, as the auxiliary gill expluned in caring, as well 
as for the snhsequent drawings and rovings of tow, and sometimes, aa will be affe^ 
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WBTdb speD, to coane ipinnitiff The theoretical oonetmotion of these rotei7 gills irill 
be seen by the ennexed sketch 

M (Jig R48), back i oilers, but when applii*d to a card a top and bottom holding 
rdlera are again employed, n, the rotary gill sheet haiing the pms inclined back- 
wards, so as to ensure the impalement of the sliTer when the fibree begin to draw ; f 



and o, the drawing and pressing rollers , the doubling bars or plates arc the same to 
th(.<!tt gills as to tht s< rew frills *' 

A machine has been lately invented, and brought out by Sir P. Fairbairn and Co. 
of Leeds, lallid IKilmann's tow combing macbitio (Jig 849), which, on trial, is 
iiiurh appiovod of The tow is first carded m the ordinary way, say on a breakir 
card, and then on a finisher card , the latter delivers the tow m the shape of a 
(tlisir into cans, which aic next placed at a, or back of the tow combing niachmo. 

849 



IVom the cans a the tow goee to the heck eondnetor n, divided into •• many oma» 
partments •• there are alivera t and from the eondnetor b. to the fsedittg box 0 sne- 
pended on shaft n, without being keyed to it The front lip s of the Iheding box is 
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fiatf>d and fitted with leather, and a eorreiiponding nipper f hanft firom the game shnft 
i>, and keyed upon it, oonipletcg the Jaw which has to hold fast the tow, while the 
cylinder o combs it. 

The feeding box c derives its motion firom the nipper F, which ig moved by lever 
and excentric as shown, and follows that nipper by its own weight, until stopped by 
indiarubber buffers n ; when the nipper f in going fhrthcr back leaves it, and the 
jaw £ F opens for more tow to be fed, and the tow already combed to be drawn through 
the detaining comb i, as explained hereafter. 

The top K of feeding box is movable up and down, by means of the connecting 
rod L, hung on a fixed centre m, so that the top part u opens or shuts as the body of 
the box goes backwards or forwards. The levers n n n are only used to keep the top 
and bottom of the liox parallel to each other. 

As shown in the drawing, the top of the feeding hox is fitted with hackles passing 
through two grates o and p, fast on bottom of feeding box, and leaving between them 
a sroce through which the sliver has to pass. 

By the above arrangement, the hackles are caused to withdraw from the tow, while 
the whole box is drawn backwards on slides of table q, hy the eccentric motion r n it. 
The last backwards motion takes place while the jaw f is yet shut, and the top of the 
box up ; but when the latter has closed amin, then the whole box slides down on 
the table q to its former position, bringing with it the sliver of a quantity equal to that 
move: this completes the feeding motion. 

Now as the feeding box recedes, the lip fi comes ncarw to the combing cylinder o, 
the hackles s s cleaning the tow projecting outside the nipper f. As s<mn as they arc 
passed through, the feeding box comes back to the most forward position, when the 
nipper F leaves it, and the Jaw £ f o]iens : at the same time the two rollers t u have 
reached their fop porition. The top one t is then thrown forwards (by the lever 
arrangement shown in v v v) upon the leather w, stretched on parts of surface of 
cylinder a ; this roller t is thus driven, and takes bold of the points of the tow presented 
to it by lips or bottom jaw r; a fine detaining comb i being just before interposed 
between them to keep back the noils, that have not been carried ofif by the combing 
cylinder. 
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In that way the points of the tow are driyen upon the sheet x, until the roller t, 
by being thrown back again off the leather w, their motion is stopp^ at the same 
'1*® two rollers o and t are allowed to drop down by eocentrio v, drawing 
yuh them (through the detaining comb z, and quite out of the rest of the aUver) the 
of the fibres of which they have got hold, 
nbiie this has been going on, the feeding box has advanced the alivir a atap, tha 
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nipper closed, and forced the said feeding box forwards ao M to bring the Up b within 
the reach of hackles a on cjlinder o, which then met It, cleanaed the tow, W so on 

At that the rollers x and u come up again, and daring that npwarda motion 
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the latter ends of the fibres partly combed and orertamed by the cylinder hackles, as 
shown m drawing, ore combed by them in their turn. Then the roller T is once more 
driven round by the leather w stretched on cylinder, the new points place themself ca 
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above the back ends of the fibres combed beibre, and are carried ibrwarda into a Mi- 
nniiM sliver on the leather sheet x, from the leather sheet to the roUm s i, then to 
m tmmp^ emdnetor a, the front delivery roller c, and (when more than one he^A 
to the machine) from c to the end delivery c, over the conducting plate A. 
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In «,/, p, nnd A, are the niual bmeh, doffer, eomh^ and tow box for the noils. 

These combing machines are made of different siaes to salt all sorts and lengths of 
tow ; the yam produced from them is much 6ner than that produced by the oMinary 
carding system alone. The combed tow can generally be spun to as high numbers 
as the line from which it has been combed, and in some instances has pr^uced good 
yam, even to higher numbers. The combed tow, a^r the combing machine, is 
passed through a system of drawing, roving, and spinning, similar to that used for 
out line. 

Subsequently to the carding the preparation of tow is completed by making up sets 
of cans for the second drawing, as explained for line ; these slivers are doubled and 
drawn once or twice more, and then roved. The drafts used in tow preparing are from 

to 8, for, as the fibres are shorter, it necessitates the employment of less draft. lu both 
lino and tow preparing, lesser drafts are employed as the stages advance, the gills finer, 
and the conductors narrower: also for both materials much attention is requisite to 
keep the various parts of the machines in good order, fVee from bent or broken pins, 
and chipped or indented rollers, for no subsequent operation can cure the defects that 
may be produced negligence in these particulars. The drawing and roving fyames 
for tow are shown in, figs. 650, 851, 852. 

A A (yip. 851), drawing frame; a, driving pulleys; c, rotary gill sheet; d, drawing 
roller ; b, pressing ; f, g, pairs of delivering rollers; h, doubling plate ; i, hack con- 
ductor; K, back roller wheel with pulley to turn the. sliver rail l. 

A A (Jigs. 851 Se 852), roving firame; B, pulley and fly wheel combined ; c, drawing 
roller ; D, rotary gill ; a a, stand for gill movement The regulation of the bobbins 
is effected in the same manner as already described for line roving. 

Spinning. — This operation consists in drawing the ** rovings ” down to the last 
degree of tenuity desiri'd, and twisting them into hard cylindrical cords, which are 
called ** yams.*' 

There are three modes of performing this operation ; the first, and perhaps oldest, 
is that where the drawing and twisUng are performed altogether, with the material 
preserved dry, and without breaking or hortening the fibre ; theseco^ is that which 
likewise, without chaoging the length of the fibres, draws them while dry, 
hut wets thorn just at the moment before twisting. This method is the nearest imi- 
tation of hand spinning, and makes the yam more solid and wiry than the first ; ns 
the fibres of flax losing their elasticity while wet, unite and incorporate l^er with 
one another. The third mode of spinning has been much more recently introduced 
than either of the others, and by it the fibres are wetted to saturation previously to 
being drawn, whereby they are not only much reduced in length, hut their degree of 
fineness is increased by the partial solution of the gummy matter, inherent in the flaxen 
material : owing to these circumstances equally good yams can he produced by this 
mode of spinning from line and tow of inferior quality, to what could be employed 
upon cither of the others, and not only that, but much finer yams can be now spun 
thau wore possible previous to its introduction. It has therefore not only nearly 
superseded all other methods of spinning for yams from SO’s to the finest, hut has 
much increased the extent and importance of thopfiax monnfkoture. 

The only difference in spinning firames for ** £ne or tOw/’ when employed for the 
older methods, consists in the length of reach, whkh genendly involves the necessity 
of having separate machines for each material, though sometimes they are made with 
a capacity to be adapted to either purpose. In the third method the same machines 
arc used promiscuously for **line or tow.** 

The yams si>ud wholly dry are used for the coarse description of woven goods, as 
packing canvas, corn sacks, and, when parfially h1eae)ied, for sheetinp and towellings, 
as from its a||ter elasticity and openness it fills up better in weaviD|f. Those spun 
partially wnH are employed for a somewhat superior description of linen goods, and 
the solid silky appearance qualifies them for drills, damaski, fre., as well as for sewing 
and shoe threads ; a somewhat inferior material, by this manner of treatment, makes 
an equally good yarn aa a better material spun dry. The yarn produced Am this 
wet principle is rather inclined to hare a cottony appearance, and from the comparative 
case with which an inferior material can he made to premt an apparently fine ffood 
yam, the application of yams Urns produced is exceedingly various and sometimes 
deceptive, tbongh when good materials are used, these yarns afford durable and 
handsome drills, shirtings, lawns, and oambrios, as well os int sewing tbreada 

The mechan i cal arrangements for twisting, and then winding the yam upon a bobbin, 
is called the “ throstle** principle, supposed to be so called from the whittling noise they 
ereate when working at full speed, which ii from 2,500 to 4,000 revolutious a minute. 
The following diagram will explain the principle, which is applied alike to all the 
modes of spinning above d(*6crihed. 

a A (Jig. 853), the spindle ; n, the bobbin, loose and independent of the spindle in 
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regard to turning, and rising, and lowering, but throng which the spindle pMest 
CO, the flyer screwed to the spindle top} n, table calud bobbin lifter, as irnile at 
work it rises and lowers to lay the yam on the whole bobbin equally } s, a small 
cord to press on the bobbin by the weight rt o, pulley by which the spindle is 
driven. 

Many attempts have been made to improve upon this principle, in order to 
avoid or lessen the strain upon the thread in its passage fmm ^ drawing rollers 
to the flyer eye; but, till recently, without any degree of snecesb. The only improve- 
ment at present known, and wMch promises to become genend, is that where the 
necessity to have a top to the bobbin is avoided* it will be seen from the above 



diagram (653), that the yam ib compelled to mb the top of the bobbin, and the friction 
thereby crea^ qoiokiy cautu-t it to become rongh; and therefore it has a tendency 
to catch and break the thread. The desirableness, therefore, of having a clear 
course for the yarn was evident, and thia improvement that we are a^nt to ex- 
plain produces uie effect by employing wbat is called a coping motion, which, like 
that used in malespinning, preserves the layers of thread upon the bobbin ever in a 
pointed or conical sute, and therefore self-supporting without the aid of the wooden 
end of the bobbin. See Cotton Spinnino. 

The arrangement of the rollers for bolding and drawing the slivers or rovings, as 
well as the plates and rollers for aiding to rmn the twist of the rovings, in order to 
render their elonntion more equable when to be drawn dry and spun upon tbe 
older methods, wUl be seen in/fp. 854, 

/ (/p. 854), roving bobbin ; B, beck or holding roller; o,earrying roller ; d, flat {date 
with a alightiy curved free ; the earrying roller and plate are so placed as to cause a 




thus aet as the pins in the **giil frames ;** e, tin conductor fi>r contracting the roving 
at the moment of being drawn; ^ metal roller; p, wooden roller preseed against the 
drawing roller in order to pinch the roving; j, lever and weight* When it is in- 
tended to wet the yarn previoosly to twistiog^ the trough i is used, hi which is water, 
which is supplied to uie roller p by the capillaiw attraction of a pleot of doth 
nened ftierdn, and hearing agam the roller by lerer A 
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Th« iniicbin<‘f for ** wet '* epiouing are of a rerj different eonatruetion nd appeniw 
•Dce t u the cloae proiiniity of the holding and drawing rollers prarenti the Inter 
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and acouratelj ilated into one another. The water need U heated, in order bj the 
expidaion of the fixed air more rapidly and ccinpletely to saturate the rowings while 
passing through it. The following drawings and description will bo snfteient to giro 
an accurate idea of the principle of these maehines, which are generally HO to 30 
feet in length, and contain 200 to nearly 300 spiudles; that li^ 100 to 150 on 
each aide. 

A A a A {fga. 855 & 856), framing; n n. staud for roftnghobbiiie f e, driving puUeya 
fixed upon the axle of cylinder d, from which pase eudleea cords to drive the spiodlef 
eej r, atep*raU of spindles; o, collar rail for ditto; ■, Mbln lifrert i x, front roller; 

K K, Itock roller; l, back pressing roller ; H, top prcasiiig roller (these are generally 
mode of box wood, but sonietiinet. of gutta pereba) ; x, n, levers in connection with 
the excentric to pi^uce the rise and fall of the bobbin liOer; o o, thread-plate ; q 0, 
saddles or tranh\cise bars resting on the axles of the hock and front pressing rollefs, 

Ko that one lever and weight acts tor both b^the coiincoting rod and lever rr, which, 
in order to ('ansc more pressure on the drawing than on the back roller, is olaeed on 
the saddle nearer the fornu i than the latter. 1, 2, 3, 4, 5, 6, 7, 8, tram it wWlwork, 
h\ which the movements are distributed, a a a, the trough of hot water maintained 
b) Bteaui-pi|)cs at the desired teiupcrnture; b 5, guide rods or pipes to cause the roving 
to imss under the water. In order to avoid the rollers tiecoming indented by the 
Toving always paming on the same place, tliey are caused to traverse the breadth of 
the rollers b) a traversing guide rail, moved by an excentric at the worm ahd wheel 
I ; rf, flyers, and/, spindles 

Here it may be proper to introduce a description of the machines for twisting the 
yarns when spun into “threads *' used for sewing, &c. The yams spun for this pur- 
pose should always be made ol a somewhat superutr description of line to that em-. 
ployed for the same number of yams for weaving, and have rather less twist They 
arc generally token while wet on the spinning bobbins to the twisting frame, and, 
when combined together, the union is effected by a torsion in the opposite direction to 
the ongiual twist of tlu* separate yarns. 

I'liis operation consists in winding the yam off the bobbins of the 
spinning or tw isiing frames, and forming it into hanks or skeins. The various deno- 
iiunations of the skeins into which yarn is reeled, and then tlie forms or combinatious 
they ore made up into, are as follows : — 

The lea contuiulng 3U0 yards 

10 leas making 1 bank 

20 hanks „ 1 bundle 

G bundles „ 1 pocket 

It is by the standard lea of 300 yards that the description of yam Is known from the 
number contained in 1 lb. weight; thus. No. 20 contains 20 lens or 6000 yards for 
1 lb. weight lu Scotland, the subdivisions are rather different from the foregoing, 
which are employed in England and Ireland; the lea, however, remaining the 
same : — 

38 leas make 1 spindle 
G „ 1 rand 

12 randis „ 1 dozen. 

^ The reeling is perfoimed upon exceedingly simple machines, generally put in mo- 
tion by the hand it the person attending them, though sometimes they are driven by 
the motive power of the factory. The reel ia made sufficiently long to receive twenty 
bobbins, and the barrel upon the yarn is wonnd in one length; the diameter, however, 
varies so as to suit the different sizes yarned to be reeled. For the coarsest yams and 
down to 16 and 20, the largest circumference is used of 3 yards, from that to about 
No. 100, yards, and for the finest yam U yards is found most convenient These 
various cireumferences are compensated either by putting a great number of threads 
into each **tye," m iiicreosiag the number of tyes, so that opposite to ea^ one of the 
20 bobbins an entire hank should he formed before taking too yarn off; thna at caeh 
“ stripping.'* one bundle ia tamed off To fhciUtate the stripping, one of the rails of 
the barrel is made to fUl in, and thus slacken the hanks ; care is taken to leave the 
lea tend! veiy loose, in order to allow the yam to be spread out in drying and 
bleaching. The determinate lengths of yarn, when wound on the re^ ire notified by 
the ringing of a bell connected with the axle of the hvirel. Fig, 657 below diows the 
form of an ordinary hand-reel. 

B B,reel hairda; c,box or troogh to receive empty 
bobbins, &e.; dd, bobbins in position of being reeled, bx, gmde rails, Biovableao 
as to place the lees side by side on the reel; //, bell wheeli; g bella llw each 
reel barrel suspended on springs. 
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To theie hand- reels there are many ol\Jeetioas( for H le eeideBt that the correct- 
nesb of iiieasare depend! entirely upon the attention of the reeler, and the stop- 
page! arising from the breakii^ 
of a thread or the finishing of a 
bobbin interrupt the work of 
all the others. These objections 
rendered it necessary to attempt 
some ameliorations of the sys- 
tem by the introduction of a reel 
that should automatically pre- 
vent these causes of error. Such 
a reel was patented a few years 
since, and is now in general use 
in Scotland; it is so contrived 
as to have the capacity of stop- 
ping itself when a thread breaks, 
when a bobbin finishes, and 
leas and hanks completed ; and 
having but four or five bobbins 
in one compartment, the stop- 
pages affect but few at a time ; 
and as this machine can be 
worked by less skilfol persons without possibility of error, much saving is effected 
both ia, wages and materiaL The annexed figure (858) shows the principle of this 
fiauiroiilw recL 

X A iJiif. 858X foaming ; b reels; o c, pendulums on which arc hung the bobbins to 
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be wound off; d, driving shaft with ntchet wheels opposite to each pendulum, so 
that when a thread breaks, the pendulum to which it is attsohed foils into the ratchet 
wheel, and thus stops it. 

The drying of wet spun yams riiould always, when possible, be done in the open 
air by spreading the hanks upon borisontal poles through them, with another similar 
pole resting inside upon their lower extremiUes, in order to keep them straight If 
artificial heat is employed, that ftom steam or hot water is preferable, and it should 
never exceed 80^ Fahr., as otfaNMfUhM the yam is apt to become harsh. 

Making up, — By this operaBo$ it first product upon the ymn a eeitain 
nesB and suppleness, and then the hanks are folded and tied up in oonveniently-sis^d 
packages. 

In order to give the yarns that soft and mellow foe! so agreeable aad chanoteristle 
of flax yams, the hanks when bronght foom the drying are what Is called ebehen 
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down and pin-worked« This is dono smsathif n few at a and paas|i|M^fi» 
on to a strong arm of wood fixsd to a wall or pilkr, when wUh a htwf hjfc put 
through Uiem, th« workman prosesds to strateh the hanks with a snddoia olpit or 
jerk, which operation he repeats in two or three tdaoes so as to tboronghlTotMIghten 
and shake them loose; he then, nsing the same Mton u a Iffer, twlits tMhSilghtly 
backwards and forwards till the deei^ degree of supplenem ia otirahtei A is 
sometimes used to aid the straightening and separating, ea well m to inoTeaae the 
gloss on the yarn. The hank or banks will then be fooad to bgae easmned a flat 
shape, as on the reel, which feelHtates their ihlding with a deaterona twiat by their 
middle, when ther are laid in square pilea upon a table with their twisted folda one 
upon another. Tbe> are maintained in the perpendicular Iw a few snppoits fined in 
the table. Sometimes these packages, whioh, acooiding to the siaei of the yem, con** 
Bisc of feom j of a bundle to 6 or 6 bundles, are honnd together by some of their own 
banks, but sometimes by cords in three or four plim of their length. U is, boweet r, 
belter to employ a bnndling press than an ordinary table, u the yarn can then be 
made up more solidly, thus both improving Its appearance, and causing it to ocaupy 
IcM space for packing and stowage. The bnndling presses are made upon the same 
principle, but on a analler scale, for making up this email packets in whioh sewing 
threads are generally presented for sale, and are upon tlm foUowing oonstruotmn 
(/^. Sftfl, 8 fl 0 ). 
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Fig, 859, front view ; Fig 880, profile, a A A, feame ; n, table or flat top of 
frame; c, rising table , i> n, iron uprights fixed to n; e e, hart biuged at one 
end to uprights D D, to shut across the press, and be canght and latched down 
by the spring eatch l, fixed to the upright d almg one side of the press ; f r, racks 
foi lifting the table c by the pinions on shaft 0 | B, crossed levers for turning the 
shaft a ; I, ratchet wheel engaging the detent X, and tbna retaining the shaft o in 
any required position, and thus of course maintaining the pressure of table c against 
the top cross-bars b. 

Wmingt is the operation b}r which the yams art combined into textile fabriciy 
•nch as canvass, linens, lawns, drills, damssks, &c , and a great variety of other deno- 
minations of article for nse and ornament 

Hitherto the weaving of linens has been carried on by the ancient and well known 
hand process, so ancient and so well known aa to place the operativa practiaing It 
among the worm paid of any other art Now, however, there are several extenilve and 
thriving estahlifhmenta where machinery luii taken plaee of mneh squalid misery, 

and at much cheaper ratee produce to consumers sc^eirior aHiclef, nd stul afford good 
payment to the operative. The improvements in pitnt weaving midh have M to 
this resnlt are not founded upon one or even a ww aneeessfol inventioiie or contri- 
vanoes, hnt are the oombination of a great many that have ooeupled mndh time to 
mi^re, Manv diiflonltiea bed to he overeome in the weaving ef tax that did not 
esist in that of other materials; and for a eonsiderahle period 9m expeaia of Uaoiia 
rendered their eonsnmptioii so limited, eb to make their prodnette hj power Irenvini 
Voii,. 11. B B 
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litiri tferj teeondary object, The frrefttcet obitatde 6t t practical nature to the intro- 
dnctidi or the power loom wetTing of linens was, the ftobbornneM or want of claeticifj 
in the yam, which caused frequent breakages, and much confusion. In woollen or 
cotton Roo^ if a thread or yam should chance to be a little tighter than the others in 
the warpf its elasticity will allow it to come np to the general bearing of the others 
when'tho weft is struck up by the reed; but in linen from the want of that elasticity, 
a thread so situated would break, and by crossing some others, cause tlinse also, if not to 
bo broken direct by that circumstance, at all erents to produce an obstruction to the 
Shuttle that would lead to further mischief Hence it was most material in linens to haTe 
such a method of winding the yams upon the warp beams that should insure the greatest 

S fularity ; but strange to say, that point, though now attained, was at first wholly 
t sight of. That circumstance, as well as the great mistake of attempting to use 
i same looms as are found suitable for cotton, prc^uced so much discouragement in 
the earlier attempts as to ^ive rise to a high degree of prejudice against the possibility 
of success in this undertaking, which may account for the backwardness in which this 
branch of the flan manufacture was found till quite recently. 

The roving machine, called by the ingenious inventor, Mr. W. K. Westley, of 
l^ods, the Slivku Rotino Frank, seems to be a phihaephieal induction happily 
drawn from the nature of the material itself, and accommodated to its iieculiarconbti- 
tiition. It is remarkable for the simplicity of its construction, and, at the same time, 
Ibr its coiiiprehensivcncBs: requiring no nicety of a<ii}u8tmcnt in its application, and 
no tedious apprenticeship to be able to work it. 

It is known that the mucilaginous matter of the plant may be softened by water, and 
hardened again by heat; of lUs fact advantage is taken, in order to produce a roving 
wholly without twist*, that is, in the form of a ribbon or sliver, in which the fibres are 
held together by the glutinous matter which may be natural to them; or which may, 
for that purpose, he artificially applied. Hie sliver roving, as long as it remains dry, 
possesses all requisite tenacity, and freely nnwinds from the bobbin, but on becoming 
again wetted in the spinning frame, it readily admits, with a slight force, of being 
drawn into yarn, preserving the fibres quite parallel. 

The diagram. 661, shows in explanation, that 

A, is the drawing roller of the roving 
frame in front of the usual comb. 

B, the pressiug drawing roller, 
c, a shallow troogh of water. 
i>, a cylinder heated by steam. 

K, a plain iron roller for winding. 

V, a bobbin lying loose upon the 
winding roller, and revolving upon it, 
by the friction of its own weight 
The roving, or sliver, as shown by the 
dotted line, after leaving the drawing 
rollers, a, b, passes through the water, in 
the trough c, which softens the gluten 
of the fibres: and then it is carried round 
by the steam cylinder n, which dries it, 
and deiiven it bard and teoacions to the 
bobbin v, on' which it is wound by the 
action of the roller b. 

This is the whole of the meohaalim required in prodneing the sliver roving. 
All the complex arrangemeote of the common oone roving are superseded, and 
the machn|Mt once becomes inoomparably fiiore durable, and easier to man- 
age ; lequffflg only half the tnoHive power, and occupying only half the room. A 
frame of 46 bobbins is onlp fi lo^, and affords rovings snfBoient to supply 1200 
spinning spindles. 

This machine, though here described, is but litUe used, being capable of but very 
limited application. 

Combe of Belfhst hit Introduced an improvement in the roving ftnme. It 
consists in the applioalto of a peculiar expanding pulley, instead of the cones, or 
discs Md nmners whidTIli^ WQ^rto been always used far the purpose of regolating 
the ** take-up ** of the bdiPpa. 1! is evident that a stro^ of 2 or 8 in. broad, working 
over the cones, placed wid|| the email end of ono opposite the large end of the other 
is an imperfect and rudt tteohisiical contrivance, and that there must he a constant 
stnuning and stretching of the belts. There is the same imperfection attending ^e 
disc and nmners. Tw^itpiiidiDg pulley is firee from these objeetions, u its acting 
snrfiBce is a line ; and ffiemlbie it works with the greatest accmmqr, while it is also 
a great simplification of Ae machine generally. In rovings fbir flax and tow it is 





There ere three ijeteDe of long line maebinerj for KOi 70*8 \ two ^itemi of 
ent line mechinery for Na loh to 120’e; and threo qrttoOi Of tow maohimerT for 
Na lO'e to i0*§. 

The bailding if 56 feet wide and 162 foot long ; which if a eery miitaUd and eon- 
Tenient eiae, and whieh admite of the moft economical arrangement of the madibery. 
The following if a deeeription of the maebinee ehown in the preparing room t ^ 

A A, two of Baxtei^f patent eheet hackling machinea for long tow. 

B, a flaar-entling machine. 

Ci one of P. Fairhaim fo Co.'a patent donhle line of holder haokling 
cut lino. 


B B 2 
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D 0, are two breaker oarda» 4 feet diameter m 4 ISmt wide. 
1 , lap machine 

864 



F r r, are three finisher cards 4 feet diamettr x 6 feet wide, with P Fairbaim and 
Co 'a patent rotary gill drawing heads attached, 
o Q, are two patent rotary gill drawing framesfor long tow, 12 slivers each. 

B u, two ditto regulating roving firamis, 48 spindles each, for long tow 
j, 18 a screw gill second drsuing frame oi ) heads for cut line tow 
B, IS a screw gill third drawing frame of 3 heads for cut line tow 
L, a screfi gill regulating roving firamc of 72 spindles for cut line tow 
BUM, are three long line first drawing frames or spreaders of 4 bosses each. 

N N N, are thrie long line second drawing frames of 2 heads each. 

0 6 o, are th ee long line third drawing frames of 2 heads each 

p p p, three long line regulating roving frames, 60 spindles each. 

4 Q are two cut line spreaders of 4 bosses each 
% a. two cut line second drawing frames, 2 heads each 
B 8, two out line third drawing frames, 2 heads each 
T T, two cut line rcgul iting roving iVames, 72 spindles each 
The spinning room contains 34 spinning frames of 184 to 244 spmdles each, appor- 
tioned to the several systems as desenhed below. 

1 System of long line machinery for spinning No 25's to 40 s 
1 Baxter s patent sheet hackling machiiic, b tools 

I spreader or first drawing fi’ame, 4 bosses 
1 second drawing frame, 2 heads, 4 bosses each 
1 third drawing frame, 2 heads, 6 bosses each 

I patent diac regulating royiog ft'ame, 60 spindles, 10 spindles per head, 8 inches 
X 4 iiichc B bobbin 

5 spinning frames, 2} inches pitch, 200 spindles each, 1000 spindles. 

The production of this system is about 66 bundles^ or say, 420 lbs of No 80's yam 
per day 

II Two systems of long line machinery for Na 40*8 to 60’s. 

1 Baxter’s patent sheet hackling machine, 8 tools. 

2 spreaders or first drawing framea, 4 bosses each. 

2 second drawing frames, 2 beads of 6 bosses each. 

2 third drawing framea, 2 heads of 8 bosses each 

2 patent disc regulaung roTUg firames, 60 spindles each, 12 spmdles per head, 6 
X 3^ inches bobbin. 

10 s^Ding frames, 220 spindles each, 2} inches pitch, 2200 spmdles Production 
a^mt 130 bundlm. Or 4m lbs of No 55 *b yam Mr day 

III Two systems of three cut line machinery for No 40’s to 190 s (one for 40 ’b 
to 70 ’b, and one for 70*8 to 120's) 

1 flax cutUng m^i nfr 

1 P. Fairbaim awrCi,^ patent double Ime of holder hackling machine. 

2 spreaders or first dfnvmg fosmes, 4 bosses each. 

2 second drawing flumes, fi heads each, 6 aliyera per head. 

2 third drawing flraiii4i, 2 heads each, 8 ihvers pet head. 

2 patent disc ragnlatiflg roymg fluno^ 72 spmdles each, IS spindles per bead, 

6x8)inehes^Ma. 

5 spinning fhanafe, SfiO spindles each, 26 inches pitch, allOO spindlss. 

6 spinning frames, 244 spindles each, 2f inches pitch,* 1220 smndiea* 

Production abont 65 handles or 286 lbs. of No. 68*s yam per w, snA nbnat 50 

bundles or 105 lbs. of No. 95’s yam per day. 
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fV. Two ijitemi of long tow maohiocry (br Na 10*« to 96*1. 

I breaker card, 4 feet diameter, 6 feet itHc. doffed roUen. 

1 lap machine. 

2 finiihcr cardi,4 feet k 6 feet, with P. Fatrbaim Bl t'a'e patent rotary gill drawing 
frames attached. 

2 patent rotary gill drawing ftmmes. 12 slivers each. 

2 patent rotary gill disc regulating roving- frames, 48 spindles eaah, 8 inches x 4 
inches bobbin. 

A spinning frames, 184 spindles each, a inabes pitch Ibr No. lO's to 18 'b » 552 
spindles. 

3 spinning frames, 200 spindles each, 2} inches pitch fbr No. ic's to 25*s -> 600 
spindles. 

Production about 39 bundles, or 488 lbs. Mo. 16*s ]>cr day, and about .19 bundles 
or 312 lbs.. No. 25*4 per day. 

V One system of cut tow nmuhinery for No 25*8 to 40*a 

1 Breaker card, 4 feet diameter, G feet wide, doffed by combs. 

1 Finisher card, with P. Fairbairii k Co *b patent rotary gill drawing franu* at- 
tached. 

1 Hcrew gill second drawing frame, 3 beads earh, 4 hoaaes per head. 

I Screw gill third drawing frame, 3 heads each, 6 bosses per head. 

1 Screw mil patent disc reflating roving frame, 72 spindles, 12 spindles per head, 
6 X 8^ Inehes bobbins. 

.3 spinning frames of 220 spindles each ; 2| inches pitch, « 660 spindles. 

Pr^uction about 80 bundles, or 24U lbs. of No. 30*b )Hrr day. 

The reeling is generally carried on in the attic aboxc the spinning room, and the 
number of reels required is about the sairie as the number of spinning frames. 

Summat^ view. 

There arc 3200 spindles long line, producing 196 bundles, or, 890 lbs. of yarn per dag, 
1152 „ long low, „ 78 „ 800 „ * 

9320 „ 8 cut line, „ 116 „ 340 „ 

660 „ cut tow, „ ^ „ ^40 „ 

7832 spindles 425 bundles 22T6 lbs. of yarn per day. 

The waste in line spinning is generally about 10 per cent , and in tow spinning about 
25 per cent., so that the quantity of raw flax required to produce the above stated 
quantity of yam would be ggg 

about 20 cwt8.of flax for long 
line and long tow spinning, 
and about 6 cwts. of flax for 
cut line and cut tow spinning. 

Flax Wkayino Loom 

voR Hbatt Fabrics. ^ 

A A AtJIge- 865, 666, frame of 
loom; B, beam on which 
the yam for warp is wound t 
c, cloth receiving beam , 

D, driving pulleys and fly- 
wheel ; B, muid rail for sup- 
porting the reed ; f, swords 
of supports of going part ; o, 
picking sticks Ibr driving 
the shuttle i a leather strapa 
for eonneeting the picking 
sticks with their actuating 
levers L } a, a, Jaws of a 
elamp to came the retaining 
friction on the collars of the 
beam B, by which friction 
the quantity of weft is re- 
gulated ; o, end of lever, 
bearing the wei^t by which 
the Jaws are brou^ to- 
gether} p, lever, keyed at 
one end to the npri^t dkoft q, and eonneeted with the other to the fhlcrum of the 
weighted lever ot a, lefver, one end of which ia also keyed to ftieapriM abaft and 
the other hi provided with a wood aolo, and is pressed by a strong spraig agalnit th# 
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yarn wound upon tbe beam B. It will be Been that, aa tbcyarn is taken off tbc iM'ain 
n, and ita diameter oonaequeDtly redueed, tbe lever p movea tbe fulcrum of the 
weig ited lever o* and thus regulates the pressure upon the clamps M and n, eaiibing 
iiD equal tension upon tbe yam fh>m the full to the empty beam ; a, treddles, actuated 
by the cams d, driven by the wheels e, d, e, from the picking shaft figg^ shuttle 
boxes at each end of the going part ; h A, arrangement of levers to conduct equally 



( adi cud of tbe gears i u This loom bos also, in addition to the ordinary stopping 
iirrangement connected with tbe shuttle, one also for relaxing tbe reed in case the 
shuttle should be arrested lu its course ncrosb tbc warp, whereby the danger, ordinarily 
incurred by that accident, of breaking many threads in the warp, is avoided; it will 
also be seen that the bands called picking bands are superseded by the ends of the 
])icking levers striking the shuttle dirtct; thus, by these improvements, drills are 
currently woven in this loom at the rate of 120 to 130 picks per minute. 

Of late extensive trials have ^n made to adapt the power-loom to the weaving of 
light linen fabrics. Previonsly it had been found that while coarse and strong flax 
fabrics, such as those made at Dundee, Arbroath, &c., in Scotland, and the drills made 
at Damsley. could he produced by power as well and more cheaply than by hand, yet that 
the lighter fabrics, such as shirtings, cambrics, lawns, Ac., would not bear the strain of 
the power-loom, or at all events that to make them of as g|ood appearance as by the 
Jianddoom the mannthoturcr rMulred to employ a dearer article of yam, and ao found 
that he could not ceppete witn his neighbouri who had hand-loom weavers. Tbe 
scarcity of th^atter in Ireland, daring the last three or four years, and the advance 
in wa^ growing prosperity of tbe country, has directed the serious 

attention onB trade to the matter, and therefore manofacturers and machine makers 
have each xealou8l:|r sought to lem^y the defects that existed in the power-loom, as 
regards its ap|flication to the weaving of light linen fabrics, and to give repeated trials 
to new inventions. The eonseontiioe has been that, while four years ago there were 
only in Ireland fifty-two poiwer-IocRDS making linens of any kind, there are now nearly 
3000, and those prodnoe all slnfis of flaxen fobries of good quality, and foirly re* 
munerative to the mannflMtiirer. This branch of the manufocture is, boweter, ss 
yet in an embryo state. 

As respeots other details of the sohseqaenl processes which linens nndeigo before 
they are placed in the market, and also the general statistics of the entire trade in 
imports and exports, see Elbachiiio, Lxnbn* &o.— J. M*A. 

After careftu enquiry ill Belftit and elsewhere, it is found that no materfal 
change has been made in any of the maohines or processes fleseribed ia w* 
article (1866), 
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Of flax we imported in 1864:— 





DrsMSd. 


Ti>w or Codll- 
la of Flas. 




Cwt*. 

OwU. 

C«u. 

From Russia- 



34,500 

1,141,583 

186,000 

Prussia 



- 

86,479 

5,463 

Hamburg - 
Schleswig and Holstein 



S,0S6 

3,391 

10,093 



• 

. 

968 

Holland ... 



>it,SU 

180,835 

21,358 

Bremer ... 



- 

- 

1,444 

Belgium ... 



5, 

115,230 

38,Q3h 

85,248 

Fnuice 



1,451 

8.704 

United States 



- 

5,056 

Eg,|it. 



I.2a7 


- 

Other |«rM • 



314 

1,685 

! 908 

1 

1 



57,8U(» 

1.504,720 

280,331 

1 Computed value - . . 

- 

- 

£334,163 

£4,385,040 

£703,850 


FLAX8EKD fiee LinmkD. 

FLESH. JUICES OF. VttHzation of Brme. (Dtafyng.) Mr. Whitelaw, of 
Glaigow, haa reoenily described the reauU of a patent prooeM of his owr. fur utlliB- 
iiig the brine of united meat When ft-esh meat, he says, had been sprinkled with 
Stilt a lew da}s. it was found swimming in brine. Fresh meat contained more than 
tliree^fourths of its weight of water, which was retained in it as in a sponge But 
flesh had not the (Miwcr to retain brine to that extent and in similar oircumstanoes it 
absorbed only about lialf as much saturated brine as of water, so that under the 
action of salt, flesh allonid a lairtion of its water to flow out. This expelled water, 
as might naturally be expected, was saturated with the soluble nutritive ingredienta 
of the flesh; it was, in fact, juice of flesh— soup — with all its valuable and restora- 
tive properties. In the large curing establishments of Glasgow very considerable 
quantities of this brine were produced, and thrown away as useless. This was the 
nia'erial to which Mr. Whitelaw has applied the process of dialysis, and he thought 
with success, for the removal of the salts of the brine, and for the production, at a 
cheap rate, of pure iVesh extract of meat. His process he stated as follows:— 
1'he brine, after being filtered to flrae it from an^ particles of fiesh or other mecha- 
nical impurities it might contain, was then subjected to the operation of diulvsis. 
'J'he veiws or bags in which be conducted the operations which might be made of 
various materials and of many shapes, hot whatever might be their material or 
shape he called them ** dialysers.*' Such an apparatns as the fbllowiog would be 
found to answer the purpore A square vat made of a framework of iron filled up 
with sheets of skin or pareWent in such a way as to be water-tight and strengthened 
if necessary, by stays or straps of metal. Tbie aidea, ends, and bottom being com- 
posed of this soft dialysing material, exposed a great aurfSMe to the action of the 
water contained in an outer vat, in which the dialyser was placed. He found a 
aeries of ox bladders fitted with stop-cocks, or gotta peroha month tubes, and plqgl^ 
and bung on rods stretching across and into vats, of water, a veiy cheap and effec- 
tive enxngtment He coiUd also employ skins of animals, either as om bsgs or 
closed, and fitted with stop-cooks, or bap of double elotba, with a layer of soft 
gelatine interspen^ between them. Other arrangements would rsadily suggest 
themselves, and might be adopted according to the dreomstaoces. But sappod^ 
the bladder arrangement were uken, whidi mb tliooglit would be prsedeally tlm best ; 
being cheap, easily managed, and exposing a great snrihee to the dialytle action, 
the Imders were filled with the filtered nrinc by means of fillme, and hung in 
rows on poles across, end suspended into wits of water. The water in thoee vote 
was renewed once a day or oftener if required, end he found that aetaally ct the end 
of the third or fourth day, aocording to the die of the bladder employed, aU 
the c o mmon sdt and nitre of the btine had been removed, and that the liquid con- 
tained in the bladders was pure Joiee of fieih, in a frsdi and wholesome oondition. 
The juice m obtained ftem the dielysers** might now be employed In ddi 

aoopa withont any frirdier fgepentioii, or It night be eonoentcated hj evwoiaScn to 
the atateof solid extract of meat The liquid from the didyasn might Wtnmtcd in 
radons waya. ItmightbettapcwBrtidinaaeiwaidlcdvesssitoamoieerimiCoaceii* 
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trated lUte, or to drynoM, and in theie vtriout conditiooi packed in tini and jon fur 
■ate It might be concentrated at a temperature of 190^, by meone of a vacuum pan, 
or other suitable contrivance, so as to retain the albnmen and other matters in asolubL* 
form. Again, the more or less concentrated liquid might be used along with flour in 
the manufacture of meat biscuits. The products he had named were all highly nutri- 
tive, portable, end admirablv adapted for the use of hospitals, for the army in the 
field, and for ship stores, lue dialysis of urine might be conducted in salt water, so 
as to remove the greater portion of its salt and me process completed in a small 
quantity of fresh rain or other water. In this way, ships at sea might economise 
their brine and so restore to the me.it in a great measure the nutritive power that it 
had lost in the process of salting. Tlius, then, Mr. Whitelaw obtained an extract of 
flesh at a cheap rate, from a hitherto waste material Two gallons of brine yielded 
one pound of solid extract containing the coagulated albumen and colouring matter. 

For the production of the same directly from meat, something like twenty pounds 
of lean beef would be required. The quantity of brine usually wasted was very 
great. He believed he was considerably tinder the truth when lie said that in 
Glasgow alone 60,000 gallons were thrown away yearly. If they estimated one 
gallon as equal to seven pounds of meat in soup producing power, then this was 
equal to a yearly waste of 167 tons of meat without hone. Estimating the meat ns 
worth sixpence a pound, this amounted to 10,479/. In this way the waste over the 
country must he very great. In the great American curing establishments the brine 
wasted must be something enormous, as he found (hat in eight of the Federal states 
4,000,000 were slaughtered and cured in 1863. Mr. Whitelaw concluded by quoting 
from Gregoiy and Liebig as to the value and cfllcacy of extract of meat. 

Although some large experiments have been made, which have, in all cases, been 
most successful, it does not appear that this application of dialysis has yet become a 
practipai application. 

FLInT (Pierre d /miV, Fr ; Feuerxtein^ Ger.) A massive impure variety of 
aUi^k iUiod to chalcedony, and regarded as occupying a position intermediate 
M t w a e n quarts and opal, aince it consists, according to Fuchs, of an intimate mix- 
ture in varying proportions of the two forms of silica— the crystalline or insoluble, 
and the iioncrystallinc or soluble ; the latter being readily separated by solntion of 
caustic potash. The colours of flint, which are usnally vmous shades of grey, 
brown, or black, are entirely removed by calcination, the flint becoming while and 
opaque ; whence the colour is commonly referred to the presence of organic matter, 
derived probably from the enclosed fossils. Although sufficiently bard to strike 
copious sparks with steel, flint is very easily broken, splitting with a flat conchoidal 
fracture, usually dull on the surface. It is feebly translaocnt, has so fine and homo- 
geneous a texture os to bear polishing, but possesses little lustre. 

Flint is found chiefly in the form of nodular masses, of very irregular and fre- 
quently fantastic shapes; and of various sizes up to a foot io diameter. These 
masses occur embedded in calcareous, never in silioeous strata ; and are especially 
abundant in the upper beds of the chalk, which have hence been termed ** Chalk- 
with-flints.’* Although ooeasionally arranged in layers running across the plane of 
bedding, as in the ** potstones ** of Norfolk ; vet as a mle the nodules have a notable 
tendency to dispose themselves in lines parallel to the direction of tiie stratification ; 
occasionally they aacur so close together as to unite, and thus form continnous hori- 
xontal bauds or flat tabular masses. 

Externally the flint-nodules are usually coated with a white opaque crust, appa- 
rentljr calcareous : whilst interually they are often hollow, the cavities sometimes 
containing pulverulent silica, either pure or mixed with sulphur; and sometimes 
being lined with chalcedony, or with crystals of Iron-pyritea or other minerals ; 
whilst alm<|M|uDiver8ally they enclose the remains of some marine ofganiim, com- 
monly a spm^. Indeed the atii4y of the microacopio struotiire of flint has led Dr. 
Bowerbank to the conclusion thkt all flinti, both nodular and tabular, contain the 
remains of spongeous tissue, which appears to have acted aa a nucleus or centre of 
attraction around which the silica wu deported from solution. 

Flints when first quarried are esceedlngly brittle, and are commonly humid when 
broken, but by expoonre to the air fliey gmually acquire toughness : hence wImo 
used as road-material, thqr shodld never be laid down on immediate removal from 
the quarry. 

Flints calcined and mnnd to a powder enter into the oomposition of all kinds of 
fine pottery, and wen fennerly employed in the mannfacture of the finer varietiee of 
glass, hence termed ** flint^glail.*' 

An important application of this ailiceons ,aabitanee wae in the formation of gvn* 
flinte, for which purpose it YOs eot in a peculiar manner. The tUlowing eharaeM 
aistinguisb good flint nodnles flrom euch as are less fit for being manofSutared The 
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best are somewhat coiiTex, approaching to globolar ; those which are rery irregular, 
knobbed, branched, and tuberose, are Moerally ftill of imperfection. Good nodules 
seldom weigh more than 20 pounds \ when Ism than 2, they are not irorth the working. 
They should hare a greasy lustre, and be particularly smooth and fine mined. The 
colour may wary from houey yellow to bliekish*brown, but it ahouui be uniform 
throughout the lump, and the traualnccncy should be so grast as to nmder letters legible 
through a slice about one-flftieth of an inch thick, laid down upon the paper. Thel^< 
turc should be perfectly smooth, nnifMm, and aimbtly eottchoidal i the last property 
being essential to the ontting out of perfaet mn-dinti. Although flint loeks are new 
but rarely employed, the process of coning the flints to shape pesaesscs mneh iuteiost. 

Four ttuds arc employra by the gun -flint makers. 

First, a hsmnier or mace of iron with a square head, from 1 to 1 pounds weight, with 
a handle 7 or 8 inohet long. The tool ia not made of steel, because so hard a metal 
would render the strokes too harsh, or dry, as the workmen say, and would shatter 
the nodules irregularly, instead of onGing them with a clean eonehoidal fracture. 

Second, a hammer with 2 points, made of good steel well hardened, and weighing 
from 10 to 1 6 ounces, with a handle 7 inches long passing through it in smh a way 
that the points of the hammer are nearer the hand cf the woriLwan than the centre of 
gravity of the mass. 

Tbvd. the diae hammer or roller, a small solid wheel or flat segment of a cylinder, 
parallel to its base, only two inches and a third in diameter, and not more than 12 
ounces in weight It is formed of steel not hardened, and is fixed upon a handle 
I) inches lung, which fiasaes through a square hole in its centre. 

Fourth, a chisel tapering and bevelled at both extremities, 7 or 8 inches long, and 2 
inches broad, made of steel not hardened ; this Is set on a block of wood, which serves 
also for a bench to the workmen. To these 4 tools a file must be added, fur the pnr- 
]H)Si* of restoring the edge of the chisel from tune to time. 

After selecting a good mass of flint, the workman executes the four following 
operations on it. 

1. He ftreakt the lAock. Being seated upon the ground, he places the nodule of flint 
on his left thigh, and applies slight strokes with the square hammer to divide it into 
smaller pieces of about a pound and a half each, with broad sarfacca and almost even 
fracturea Thehlowii should he moderate, Icat the lump crack and aplit in the wrong 
direction. 

2. He cleavee or chipe thejlint. The principal point is to split the flint well, or to 
chip off seales of the length, thickness, and shape adapted for the subsequent formation 
of ^n flints. Here the greatest dexterity and steadiness of manipulation are necus«>ary ; 
but the fracture of the flint ia not restricted to any particular direction, for it may be 
chipped in all parts with equal &cility. 

The workman holda the lump of flint in his left hand, and strikes with the pointed 
hammer upon the edges of the great planes produced by the first breaking, whereby 
the white coating of the flint is removed in small scales, and the interior b^y of the 
flint is laid hare} after which he continues lo detach similar scaly portions from the 
clean mast. 

These scaly portions are nearly an inch 4nd a half broad, two inches and a half 
long, and about one-sixth of an inch thick in the middle. They are slightly convex 
below, and consequently leave in the part of the lump from wbien they were separated 
a space slightly concave, longitudinally bordered by two somewhat pnijectiiig straight 
lines or ridges. The ridm pmuced by the eeparation of the first scales must natuimly 
eonstitute nearly the auddle of the snbeeqnent pieces} and such seales alone as have 
their lidgcs thus placed in the middle m fit to be made into gnn-fliotg. In tfaie 
manner me workmen eontinnes to eplit or chip the mist of flint in verioue direetioni^ 
until the deflmte usuelly found in the interior render it impossible to the nqui- 
site fractnrei, or until the piree is too much ndnoed to sustain the smart blows by 
which the flint is divided. 

8. Hefaekkme de pen ffuiCs. Five diflhreot piHs may be dietingnished in a gnn- 
flint 1. The eloping neet or bevel part, which is impelled sgaimfl the hammer of 
the lock. Its thickness should be from two to three twelfths of an indh } If it 
were thicker it would he too liable lo break ; and if more ohtaee^ the eeiatiUatioiie 
would he less vivid. 2. The eidee or lateral edges, which art always somewhat 
irregular. 8. The hadt or thick part opposite the taping edge. -4. The ander 
euiMe, which is smooth end rather concave. And, 6. The upper te, which has a 
email souare plane between the tapering edge and the beck, for entering into the 
upper claw of the dock. 

In order to ibshion the flint, fooee icalci am selected which haveatleeetoneof the 
above-meatiooed longitadiaal lidgeet tht wovkmin fixes on one of the two tuomiim 
boiden to fonn the striking edge; after which the two sides of foe stone that ate to fom 
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the latoral od|res, aa well aa the part that ia to form the back, are aueceasively placed 
on tile edge of the chiael in such a manner that the convex aurface of the flint, which 
reiira on the forefinger of the left hand, la turned towarda that tool. Then with the 
disc hummer he appliea aome alight atrokea to the flint juat oppoaite the edge of the 
chiael underneath, and thereby breaka it exactly along the edge of the chiael. 

4. The flniahing opmtion ia the trimmiHg, or the proceaa of ^ving the flint a amooth 
and equal edge ; this ia done by turning up the atone and placing the edge of ita 
tapering end upon the chiael, in which position it is complete by five or six alight 
atrokea of the disc hammer. The whole operation of making a gun-flint, which 1 
have used so many words to describe, is performed in lew than one minute. A good 
workman iaable to manufacture 1,000 good chips or sc^a in a day (if tiie flint Iwlls 
ho of good quality); or 500 gun-flinta. Hence, in the space of thi^ days, he can 
easily cleave and finish 1,000 gun-flints without any asaiatance. 

Flinta form excellent building materials i because thev give a firm hold to the mortar 
by their irregularly rough surfaces, and resist, by their nature, every Tlciasitude of 
weather. The counties of Kent, Essex, Suffolk, and Norfolk, contain many sub- 
stantial apecimens of flint-masonry. 

The faeilitT with which flint, in spite of ita hardness, may, with auflloient practice, 
be fractured in almo&t any given direction, yielding fragments with a sharp cutting 
edge, has led to its employment aa the commonest material of those rude stone im- 
jdements which have in all ages been fashioned by savage tribes ignorant of the use 
of metal. 1'ho antiquary has long been familiar with the occurrence of such imple- 
ments in tumuli or ancient burial-mounds : and of late years they have also been 
found in the Pfahlbauten or pile-dwellings in the Swiss lakes ; in the Kjdkkenmiid- 
dings or Danish shell-mounds ; in boiie-cavcms, and elsewhere. The worked-flints 
found in these sitnations are referred to an early pre-historic period known to 
nrchsologists as the ** stone-age ; ** a period apparently anterior to the knowledge of 
any milCiu, eatcepting gold. Although commonly of flint, the implements of this 
period are by no means exclusively so ; blood-stone, jade, porphyry, and indeed any 
stone Biifllciently hard, having been also employed. In form they priaent considcr- 
nble variety, comprising axes or celts, knives, scrapers, sling-stones, spear-heads, 
arrow-heads, and the like ; many of them, especially the celts, being wrought into 
highly- finished forms, and even ground and polished to a cutting edge. 

Ot a far higher antiquity and of a much ruder type than any of these polished 
relics of the stone ago are those primitive flint implements wltich within the last few 
jears have been found in deposits of drift-gravel, frequently at considerable depthn 
and, in many cases, associated with the remains of extinct mammalia, disoovenes 
which have excited an intense interest from their bearing upon the much-vexed 
question of the antiquity of the human race. To these early flint implements atten- 
tion was first directed by M. Boucher dc Perthes, a French antiquary, who had from 
time to time discovered them in the gravel-pits in the valley of the Somme, chiefly in 
the neighbourhood of Amiens and of Abbeville. Although the first discovery was 
made as early as 1841, the sulyect attracted but little notice until the year 1869, 
when the locality was visited, and the instruments and their mode of occurrence 
described by Messra Phfstwich' and Evans. The deposits in which these worked- 
flints are found consist of stratified sands and gravels, often of considerable tbiok- 
nesB, resting upon an eroded surface of chalk, and referred by geologiata to the 
pleistocene or pCst-pliooene period ; a time when the climate of Northern Europe 
was considerably colder than at present, and when these latitudes were inhabited by 
the mammoth, the woolly rhinoceros, the cave-bear, and other mammalia now 
extinct The flint implements have b^n found chiefly in the lower beds of these 
drift depo8itS|j|smediately overlying the chalk, and frequently beneath a tbicknew 
of more thadWwnty feet of undisturbed sand, brick-earth, &c., containing shells in 
some places marine, in others land and freshwater, together with the bones and teeth 
of certain extinct mammalia, but never with the remains of man. It should be 
especially remarked that these drift-implements, unlike those of the more reeent 
stone-age, are tonned exclusively of flint, and that they never exhibit the slightest 
trace of having been eitiier ground or polished. The form of these implements is 
moreover quite characteristic. But althongh of an extremely rude type, thev bear 
quite sufficient evidence of design to verify them as the results of human workman- 
ship ; whilst, on the other hand, their extreme antiquity is attested not only by the 
position in which they oecor, but also by the glossy varnish-like oharaotor of their 
surface, totally unlike that of recently-fractured flint The possibility of findr 
having been modern forgeries is ftirther preolnded by the fact that many of tham vtP 
coated with a calcareous merostation, and that they occasionally exhibk on the iorfliofl 
dendritic markings produced by the alow notion it the oxides of manganese iii4 
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Since theie dUeoyeries have been made in the valley of the Somtne, flmt-hatcheta 
of the drift^type have been recognieed in leveraL looiUitiea in thia ooimtiy. 

FLINT GL/ISS. See OLaae. 

FLINTY SLATE. A very ailioioui black achiet, often containing 75 per cent, 
of ailica. It ia used aa a ** touohatone ** ft»r teaung goldj by a compariaon of tbe 
colour of the atrenk made by the meul. See Aaeav. 

. FLITTERN BARK. The bark of yoann oak treaa, uhicli ia dialii«nialied ftom 
ctiftpice bark by itaauperior quality, and alao mim the bark of old oak treoa, known aa 
Timber bark, Flittern bark is much used by the tenner. 

FLOC'K and FLOCKS. The first ia fine!) itowdend wool, used when dyed of 
vanoQS coktnn to prepare paper hangings. 

I'lie second la a name given to the refuse or of cotton and wool, and la used 
for Ktufling mattreasiw. 

FLOCK PAPER. Paper prepared for walls by being aiitd iu the first instance, 
4 ithor over the whole surface or over special parts. consStating the pattern only, and 
then powdering over it flock or powdered wool which had beeu previously dy^. 

FLOOKAN or FLUKAN. The name given by the t'ornish miners to veins 
filled wholly with elay. This is usually applied to such V(‘*ti8 or lodes as are at 
1 ight angii^, or nearly so, to the true metalJiierous lodes. 

FLOOR CLOTH MANHFACTITRE has become of late years a very large 
lirantdi of trade. The cloth is a atrong aumewbat open canvas, woven of flan with a 
little hemp, and ftoni 6 to S yards wide, being manufactured in appropriate looms, 
i-hiofly at Duudee. A piece of thia canvas, from 60 to 100 feet in length, is secured 
tight in an upright open frame of oaken bars, in which position it is brushed ovei 
with glue size, and rubbed smooth with pumice stones; it next receives the founds- 
lion coats of paint, S or 3 in number, first on tlie back side, and then on the front. 
The foundation paint, made with linseed oil and ochre, or any cheap colouring matter, 
is too thick to he applied by the brush, and is therefore spread evenly by a long narrow 
trowel, held in the right hand, Iroiii a patch of it Uid on just before with a brush in the 
left hand of the workman. Each foundation coat of the front surface is smoothed by 
pumice stone whenever it is hard enough to bear the operation. Wlien both sides are 
dry, the painted cloth is detached fh>m tbe firamc, coiled round a roller, and in this 
state transferred to the printing room, where it is spread flat on a table, and variously 
figured and coloured devices are given to it by wooden blocks, exactly as in tbe block 
printing of calicoes or papers The blocks of tbe floor cloth manufacture are formed 
of two layers of white deal and one of pear tree timber, placed with their grain cross- 
ing one another alternately. There is a block for each colour in the pattern, and in each 
block those parts are cut away that correspond to the improssiona given by the others ; 
a practice now well uuderstn.'d in the printing of two or more emonrs by the press. 
The faces of the blocks are so indented with fine lines, that they do not take op the 
paint in a heavy daub from the flat cushion on which it is spread with a brush, but in 
minute dots, so as to lay on the paint (somewhat thicker than that of tbe house 
painter) in a congeries of little dots or teeth, with minute interstices between. Ap- 
plied in this way, the various pigments he more evenly, are more sightly, and dry 
much aooncr than if the prominent part of tbe block which takes up the colour were 
u smooth surface. Thu Inst kinds of floor cloth require from two to three months 
for their production. 

From tbe use of the sulphate of barytes with the white le^ sometimei to the 
extent of 75 per cent, of the former, not merely in tbe foundation paint, but in the 
lubseqnent colours with which the canvas if painted, there is a very general 4 Bom- 
plaint that the floor cloths for halls, &e., where they are neoeasanly expoecd to 
washing, very soon lose their ooloun and become bore, tbe barytes washing ont, and, 
cf couise, removing at the same time the lead and other coloon. The same j^neU 
pie in eoiouring floor-cloth is now apoUed to paper, and ii carried on to a very Ivge 
extent at Egham under the patent of Mr. Walton. The oil ii there first dried or 
oxydiied, then dissolved in naphtha with the colouring ; aa thenaphtha diiw the paper 
is ready for use. See Oxipiebd Oil } Wbitb Lead. 

FLORAN. A mining tenni tin ore scarcely perceptible in the etonei tin ore 
•tamped very smalL— fV^. 

FLOSS, of the pnddling ftirnace, is the fluid glam floating npon the Iran pfodneed 
by the vitrification of the oxides and earths which am present See liww. 

FLOSS-SILK. {FUme&e, Bowrre de eaie, Flemrei, Fr.) is the given to the 
portions of ravelled eilk broken off in the filatnra of the eoeooni, whm is earded 
like eottoB or wool, and span into a 9ofi coane yam or threap Ibr msktiy g 
•hawla, socks, and other eowmon silk fkhrics. The floss or flenrat, as ffnt 
mntt he steeped in water, and then to prtsaure, in oite to eilraot the 
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gumny matter which randcn it too hamh and short for the spinning wheel. After 
being dried it is made still more pliant hy working a little oil into it with the hands. 
]t is now ready to he submitted to the carding engine, and it is spun upon the flaa 
wheel. 

The female peasants of Lombardy generally wear clothes of homespun floss silk. 
i)f late years, by improved processes, fine fabrics of this material have be<-ii 
produced, both in England and France. M. Ajac, of Lyons, manufactures a 
variety of scarfs and square shawls of Itourre de am, closely resembling those of 
cuckemire. 

FLOTSAM. See Jetsam. 

FLOUR. The finely ground meal of wheat, and of any other corns or eerealia. 
See Bread. 

Since the analysis of grain represents the total chemical constituents of the flour, 
and the cell in which It Is contained, a few analyses trtm the researches of Way and 
Ogston are given 



Wheat. 

Dasuv. 

Ifoprtnii. 

RM Straw. 

Old Red 

Lammai. 

Chevalier. 

Unknown. 

Moldavia. 

Potnssa . - • 

30 33 

29*75 

32*46 

87’43 

21*14 

31*55 

Soda ... 

0-07 

0*64 

4*53 

0*05 

- - 

1*06 

Lime - - - 

2*51 

3*27 

3*21 

2 79 

1*65 

1*21 

Magnesia 

12*38 

13*75 

9*56 

8*67 

7*26 

10*17 

Sesquioxide of ir.tn • 

0*08 

0*23 

2*06 

0*09 

2*13 

1*02 

Sulphuric acid 

0*18 

0*60 

0*32 

2*72 

1*91 

mmm 

Silica • • . 

8*60 

2*14 

6*46 

23*60 

30*68 

24*56 

Phosphoric add 

49*22 

49*58 

40*57 

26*01 

28*63 

28*64 


The produce of one quarter of wheat weighing 504 lbs. is, according to Mr. Hard of 
Darttord — 

398 lbs. 

10 
8 
15 
18 
60 
11 
604 lbs, 

Vauquelin has given the following as the results of his examination of wheat 
flour : — 


Flour - - - 

Biscuit or fine middlings 
Toppings or specks • 
Best pollard 
Fine pollard 
Bran and coarse pollard 

IjOSS . - • 



French. 

OdriM 

hard. 

OdA*» 

iUft. 

Farli Oour. 

Inferior 

Suur. 

Starch - 

. 



71*49 

56*5 

62*00 

72*8 

67*78 

Gluten - 

- 



10*96 

14*55 


10*2 

9*02 

Sugar - 

- 



4*72 

8*48 

7*66 

4*3 

4*80 

Gum • 

- 



8*88 

490 

5*80 

2*6 

4*60 

Bran - 

■ ■ 



. . 

2*30 

1*20 


• • 

Water - 




10*00 

18«&0 

10*00 


12*00 


Adulierationa of, to detect — *the first method is by specific gravity. If potato floor 
be added, which is frequently^ done in France, since a vessel wluoh contains one 
pound of wheat flour will contain one pound and a half of the fecula, the proportion of 
this adulteration may be easily estimated. If gypuum or ground bones be mixed with 
the flour, they will not only increase its density still more ; but they will remain after 
burning away the meal as ashes. 

The second method Is by ascertaining the quantity of gluten which the suspected 
B.unple will afford, see the article Bbead, The two following chemical criteria may 
also be employed. 

I St. Nitric acid has the property of colouring wheat flour of a fine orange yellow, 
whereas it affisets the colour neither of fecula nor starch. 

2nd. Muriatic acid colours good wheat flour of a deep violet, but dissolves fiMola 
snd forms with it a light and ccdodrless viscous fluid, decomposable laif 
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Sulphate of iron renderi an infhaion of pm floor aomewhat jtHow, and impiru a 
bottle green to that which ia adulterated with bean meal — Nitne acid 
and ammonia poured auceesaively on good floor ahowa nothiag renarkaJilt } but bean 
meal atrikea a deep red colour. ~ 

The amount of aah loft by the floor hM been propoaed by Loayet aa a teat of ba 
purity, lie aaya. ** Wheat flour yielda on the average 0^ per cent t rye flonr, 1*0 ; 
bean and pea meal. 9 ; linaeed nm. 10 per cent, of oah,'* 

FLOWERS. The name formerly given to tboae aubiHRicea whioh ware obtained by 
Bublimation ; oa the flowera of aalphur. the floweta of Beidamin» &e. 

FLOWERS. ARTIFICIAI.. MANUf ACTUHB OP. The an of repreaenting 
by flowera, leavea, planta. foe., vegetable naMe in her onuNnental produotioni, eontti- 
tiitea the baaineae of the anifleial floriat. The Itnliana appeir to have been the firat 
people in Europe who excelled in the art of making arttflaial flowera ) but of late 
yeara the French have been meet ingenioiM In thia bnuioh of tnduatry. 

Kibbona folded in different forma and of different colonra were originally employed 
for imitating flowera, by being attached to wire atema. Thia imitation aoon gave way 
to that by feathcra, which are more delicate in texture, and more capable of aaaumtng a 
THiiety of flower-like flgurea. But a great difficulty wm encountered in dyeing them 
with due vivacity. The aavogee of South America manufoctui u perfect feather flowera. 
derived from the brilliant plumage of their hirda, whioh eloacly reaemblefhe producta 
of vegetation. The bloaaoma and learca are admirable, while the coloura never fade. 

The Italiana employ frequently the cocoona of the ailktworm for tliia purpose ; these 
take a briiliaut dye. preserve their colour, and posiesa a transparent velvety appearsnee, 
witable for petala. Of late years, the French have adopted the finest oambrie foi^ 
making petals, and the taffeta of Florence for the leaves. M. de Bemardiere employs 
whaletene in very thin leaves for artificial flowera } and by bleaching and dyeing them 
of various liiiei», he has succeeded in making hia imitations of nature to be very re- 
markable. 

Outca percha dissolved in heniole, and freed from all impurities, will when spread 
out on a sheet of glass dry into a beautifoUy white and delicate film, of great strength, 
and capable of receiving any colour. Thia has been employed in Paris lii the manu- 
facture of flowera. Vegetable parchment (paper prepaid by the action of sulphuric 
acid) boa been employed for the same purpose in this country. See YBoxTABLa 

Pa ROHM ENT. 

I'lie colouring matters used in flower dyeing arc the following : — 

For red} carmine dissolved in a solution of carbonate of potash. 

For blue { indigo dissolved in sulphuric acid, diluted and neutralised in part by 
Spanish whitening. 

For bright yellow ; a sclution of turmeric in spirit of wine. Cream of tartar 
briuhtena all these colours. 

For violet ; archil, and a blue bath. For lilac ; archil. 

The anilioa colours are now largely used. 

Some petals are made of velvet, and are coloured merely by the application of the 
finger dipped in the dye. 

Of artificial flowers, we imported from France and other parts, in 1604. to the 
value of 907,798/. 

FLUATES. A term formerly arolied to the compounds now called on 

the supposition that they contained fluoric acid. When, however, the true oonstitn- 
tion of this acid, as a hydrogen compound, was determined, it became evident t^t 
the submances called floates most belong to the class of so-called haloid salts, and 
consist therefore of the element fluorine united directly with a metal : whenoe lliey 
are properly termed flucridea Thus, fluor spar, formerly known as floate of Ihniu is. 
aceordiDg to the new nomenclature, a fluoriM of calcium | oontaining s— flnoiue. 
46*7} ealeium, 51*3. 

ft may be remarked that fluorine has a strong tendency to fbrm donUe salts, 
many of which occur naUve. Thno. the mlnerala eolled eryoUts and ohiolite are 
doable fluorides of sodium and aluminum; the former containing s— fluorine, 54*9 } 
•odium. 38^; aluminum. 13*0 1 whilst the latter is eoiiipoaed of fluorine. 67*53; 
•odinm, 18*78 ; aluminnm. 18*69. 

FLUE CINDER. The eindsr from the reheating fttmace; See laon Manv* 
VACTunn. 

FLUELLITE is flnorine and aluminnss. n rare mineral fonnd at Stennagwyne la 
Cornwall. 

FLUKES. See Amcbob. 

FLUORESCENCE, the name given to n peculiar pbenemenon imdered evident 
by many oyMOs of floor If we look throngb a crystal of floor spar it wUl 
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Appear yellow or 'green as the case maybe; now, if we look at it, the light falling 
upon the turihee upon which we look, it will appear beautifully blue or purple. 
Mr. Stokes, to whom we are indebted for a very exact examination of the whole of 
the phenomena of this olau, refers this effect to an alteration of the refraction of the 
ray by the first surfkce upon which it falls. Sir John Herschel first drew attention 
to this peculiar condition as exhibited in a solution of sulphate of quinine in water 
slightly acidulated with sulphuric acid. Here we hare a perfectly colourless solution 
when wc look through it, which sends back to the eye fine bine rays when we look 
at the surface on which the solar rays fall. Sir John Herschel referred this to 
cpipolic dispersion, or dispersion from the first surface of the fiuid on which the light 
fell. There arc many substances which appear to possess this property of altering 
the refraction of raya, or are fiuorcsceut. Beyond this brief explanation, we cannot 
afford qwee in this dictionaiy to deal with the sutiSect. We must refer those 
interested to the Philoiophieal TrantacUoni^ in which Mr. Stokes's communications 
npmred. 

FLUORINE. The elementary base of hydrofluoric acid, which has never yet 
been Isolated. 


The power of liberating a principle from fiuor spar which would etch glass was 
known as far back as 1670; Scheele, in 1771, examined hydrofluoric acid, and 
regard^ it as an oxygen compound with an unknown element. Ampere, in 1810, 
determined that hvdrofluoric acid was a compound of hydrogen and fluorine. 

Fluorine combines with most of the metids, and with hydrogen, boron, silicon, 
sulphur, and phosphorus ; with chlorine, bromine, iodine, and oxygen it exhibits no 
tendency to unite. It has recently been suggested to employ hydrofluoric acid in the 
purification of beetroot sugar; the alkalies present in the juice being effectually 
removed by the acid, while the organic matter remains unaffected. 

Symbol, F ; equivalent 19. 

FLUOR SPAR. {Cttauxfluatf€tVT.\ Flusit-Spath, Oerm.) This mineral often 
exhibits a varifety of vivid colours. It crystallises in the cubic (monomctric) system, 
with regqlar octahedral and tetrahedral cleavages; spec. grav. 3*14 to 3*19 ; Ha4*0 ; 
scratches calc spar, but is scratched by a steel point ; usually phosphorescent with 
heat; at the blowpipe decrepitates and fuses into an opaque bead; acted on by the 
acids with disengagement of a vapour which corrodes glass ; its solution affords pre- 
cipitates with the oxalates, but not with ammonia. Its constituents are, fluorine, 
4S'7 ; calcium, 61*13 in 100. 

Fluor spar occurs subordinate to metallic veins ; as to those of lead, in Derbyshire 
and Cumberland; of lead and copper, in Cornwall, and in Saxony and Bohemio; 
but it is found also in masses or veins, either in crystalline rocks, associated with 
qiiaru, barytes, &c., as in Auvergne, Forex, Vosges, Norberg in Sweden ; Norway ; 
Petersburg ; Gourock, in Scotland, &o. ; or among limestones, slates, and sandstones, 
in Derbyshire, Cumberland, Cornwall, and New Jersey. It exists also in the 
amygdaloids of Scotland, and in the volcanic products of Slonte Somma at Vesuvius. 
The variously coloured specimens, called Derbyshire spar, are worked upon the 
turning lathe into vases and other ornamental objects. 

A veiy beaiitifiil variety, which hat been mneh used for ornamental purposes, 
known fri>m its colour as ** Blue John,” has been obtained from Tray Cliff near 
Castleton, Derbyshire. The beautifhl colour of the natural floor has been success^ 
fully imitated by exposing some of the common varieties to heat. 

Floor spar is employed to a considerable extent in the prodnotion of hydrofluoric 
acid and for ctdiing on glass. It is also used by lead smelters as a flax. The beautiful 
phenomenon o{ fluorescence is so named from the fhet that many of the fluor spars 
have the powqiip a high degree of thus affecting the rays of light See Fluo- 
rescence. 


FLUVI ATILE (fluviua, a river), belonging to a river, 

FLUX (Eng. and Fr. ; Kust, Germ.) signifies any substance capable of promoting 
the fusion of earths or metallic ores by heat White flax is the residuum of the defla- 
gration, in a red hot cmoible, of a mlxtnre of two parts of nitre and one of cream of 
tartar. It is in fact merely a carbonate of potash. Black flux is obtained when equal 
parts of nitre and tartar are deflagrated. It owey its colour to the carbonaoeoue matter 
of the tartaric acid, which remains unconsamed ; the quantity of nitre being too small 
for that purpose. The presence of the charcoal renders this preparation a convenient 
flux for reducing calcined or oxidised ores to the metallic state. Limestone, flnoT epar» 
borax, and several earthy or metallic oxidea, are employed as fluxes in metallurgy. 
Sec Mbtallubot. 

FLY POWDER. Under this name they tell on the continent the black coloured 
powder obiuined by the spantaheona oxidisement of metallic arsenic in the air. Vjs^ 
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rions |)repftrationi of white enenie are need fbr the him pnrpoae in thie eonntry. 
King's yellow is much used ; it should be made by boiling together aulphor, lime, 
and white arsenic, hut much that is sold is merely areento and ful|ilutr mixed. 

Objecting on principle to the Ikmiliar use of areenie and danjwrous substances, 
a preference may be given to a substitute fbr the above, ssade by bdilingouassia ehlps 
into a strung decoction and sweetening with loaf sugar. This ssome so iiaTe deadly 
power over the flies, who can scsroeW quit the liquid without imbibing a deadly 
potion, and they are seen to fall flrom the ceilings and walk of the roome soon after- 
wards. Many of these compounds for killing flies are supposed by their odour to 
Bttract flies into the rooms. 

The inconvenience to nianufaeturers and othsm from fltei^ mm bo obviated in many 
rnsps where apartments are required to be kept as frei^ as posmUe from them, by re- 
fVriDoe to fkcis recorded by 11 crudot us, of flsheriiien surrouading themselves with 
their nets to keep off the gnats. We are indebted to William ^ncc, ICsq. F.R.S., for 
some very curious particulars respecting the common honso fly communicated in a 
j»uper to the Entomological Soetoty. The common bouse fly, will not in general 
pass through the meshes of a net. The inhabitants of Fterence and other parts of 
Italy are aware of tbisflict, and protect their apartments by banging network up at 
ihf^ windows thus it all times the doors atid windows may be kept wideoiMui by hang- 
m;r a light network over the aperture i the meshes may be of conaiderable width, 
say enough for aeveral flies on the wing to pass through, and no fly will attempt to pass, 
iinlem there be a strong light (another window opposite* or reflection fl-om a looking- 
glass). A knowledge of this simple means of protection from flies on the wing may 
prevent inconvenience from these intruders, and obviate the necessity for poisons to 
destroy them.— T. J. P. 

Fodder, is the name of a weight by which lead and some other metsls were sold 
in this connti 7 ; but it is now rarely usi^d. It varied in its amount in different parts 
of the kingdom, beiug 19} cwta. at littll ; 21 ewts. at Newcastle ; 22 cwta at Stockton ; 
24 cwts. in Derbyshire. 

FOILS. Thin sheet copper silvered and burnished, and afforwards coated with trans- 
parent ooloan mixed with isinglass, employed by jewellers to improve the brilliancy 
of pastes and inferior stones. The foil is inelo&cd in the setting, and entirely covers 
the back of the stone, to which it imparts much of its own brillianoy. 

^ FOILS. Thin leaves of metal, usually alloys, of various colours, employed prin- 
cipally for heightening the brilliancy of ardfioial gems. 

FONDUS, is the name given by the French to a particular style of calico printing 
resembling the rainbow, in which the colours are graduated or melted (/oncfiis ; into 
one another, as in the prismatic spectrum. See Calico Pbintimo for a description 
of the process. 

POOD. See Nctutiow. 

FOOT WALL, a mining term. 

The wall ” or side of the rock 
under the mineral vein : it is as 
commonly called the underlaging 
walL 

FOOTWAY, a mining term. 

The ladders by which the miners 
descend and ascend. 

FORGE (Eng. and Fr.*, Feucr, 

Off m.) Is the name either of the 
furnace, where wrought iron Is 
hammed andihshioned with the 
aid of heat, or the great workshop 
where iron is made malleable. 

The former la called a Mnith’a 
forge, the latter a shingling mill. 

See Inoir. 

Fig, 867 representa a port- 
able truck fbrge of a very com- 
modious constmetion. a is 
the cylindric lenther bellowiL 
pressed down hj a hdieal 
spring, and woihed by means 
of the handle at n, which moves 
the hoiisontal diaft c, with 
iu two attsehed semicireolar 
Imn ud elwliit. » b th. pf,w wWdt eondacb «h. Mwi to A* aonle at ■. 
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The bcArth may be ooTered with a thin fire* tile or with citideis. f » a vice 
fixed to the strong rectangular frame. This ap|»aratiis answers all the ordinary 
purposes of a smith's forge ; and is pecuiiaily adapted to ahips, and to the execution 
of engineering jobs upon railways, or in the country. The height is 2 feet 6 inches 
the length is 2 feet 9 inches ; the width 2 feet ; weight about 2 cwt 

Holtxupffel describes another portable forge of his own construction, possessing 
many advantages. 

with the manipulations of the foi^ge, it is not the province of this work to deal. 

FORK, a minituf term. A mine is said to be ** in fork," or an engine to have the 
** water in fork," when all the water is drawn out. 

FORMATION. A geological term, which is ust^ to signify a group of rocks, 
liferred to a common origin, or belonging to the same period. 

FORMIATES. Compounds with formic acid. See Watt's ''Dictionary of 
(’hemistrv.” 

FORMIC ACID. (Acide /ormujutf ¥r. i i^metsensdars. Germ.) The acid which 
exists in the bodies of ants, associated with malic acid. 

Formic acid was obtained artificially, originally by Fisher of Leeds in 1670, and 
Bubaequently by Dr. Hulse, distilling red ants. 

It may be prepared by boiling I part of starch with 4 of sulphuric acid, and 4 of 
'll atcr, allowing the liquor to cool, and adding gradually 4 parts of the black oxide 
of manganese and distilling. For the reactions whicji take place see Watt’s “ Dictionary 
of Chemistry.'* Its formula is C’HO^llO. It is a clear colourless fluid, which 
crystallises below 32^ into brilliant plates. 

FORMULA!^, CHEMICAL. The arrangement of symbolic letters ao as to repre- 
sent the composition of any substance is coiled a chemical formula. ^ Two kinds of 
formula) are employed by chemista : Empirical formuktt which give the result 
immediately ihrni an exact analysis, and are invariable, and Rational formulas^ which 
express the rfew entertained respecting the constitution of a substance beyond the 
result of analysis merely. 

Empirical formiUa merely express the result of analysis ill aymbols of the 
elementary bodies, and in terms of the values which they represent The substonce 
having been accurately analysed, the atomic weights of the memento are determined. 
These formula) are expressed in letters and figures, ae HO or (H*0) water, NH, or 
(NH*) ammonia. (See Equivalent, CH£iiiCAL,for an explaMtion of the different 
values assigned to U in these two formulsB.) 

Rational formula, A rational formula ia supposed to amount to a complete 
statement of the chemical constitution, analysis, and relations of the body which 
it represents : the simplest of such formuln being an expression of some- 
thing mon* than the direct result of experiment. See Watt’s "Dictionary of 
Chemistry." 

FORM YLE. The hypothetical base of formic acid. 

FOSSIL. (FosnVia, anything dug^IVom the earth.) Formerly all minerals were called 
fossils, but the word is now restricted to express the remains of animals and plants 
lotind buried in the earth. 

FOSSIL IVORY. The bones and tusks of elephants and mammoths are found in 
e (Stem Siberia, and along the shores of the Arctic sea, in great abundance. The tusks 
ure collected for sale, but are much less valuable than the recent ivory. 

FOUNDING, FOUNDRY. In foundries attached to blast-furnaces, where ftom 
20 to 30 tons of iron are made per diemf the moulds are generally mere troughs out 
in the sand, into which the melted metal flows and cools in contact with the air. The 
surfaces of the castion made in this manner present appearances which vary according 
to the ouali^^f the iron. 

The kinMR iron ada|^ for founding purposes are those which are most fluid when 
melted, and which contain most carbon, and are called Nos. 1 and 2. They are dis- 
tinguished by the lurfime of the pig of iron, which was exposed to the air during 
cooling, being smooth, and presentbg a sligbtl;^ oonvex figure. The surfaces of Nos. 
n and 4 pig-iron, and of the white crystalline pig-iron Cniost suitable for making into 
wrought iron) present a concave figure, and the eurfltoee are very irre^lar and pitted 
w ith holes. The colour of the frmsture, and the doienesa of the gram, also indicate 
the proportion of carbon in pig-iron. 

The mixtures of metal, melting temperatures of metal, &e., require the closest 
observatioTi on the part of the workmen and fbremen who practice iron founding, and 
these mechanics are in the praotiee of obierving diffisrences so minute that they 
cannot be appreciated by the chemist, or expressed in words. 

Machine]^ has enabM Ae modem fimuder, by means of railways, tnre-tsbles, 
trayelling-eranes, and steam-power, to move at, will the heaviest masses without con* 
fusion and with great expedition | hut nothing but the traditions of Uie flmtory, and 
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the conttiwt habit of obeenraUoD will enable him to oondnet pfoperly the melting and 
casting of metal so as to arriTS at certain results. 

This is prored by the constant failures of those who andsfftaks to make desoriptlons 
of costings of whi^ thev hsee had no previous kaowlcdgSL 

Each branch of foundry work most be studisd in detiuU sad we can only pretend 
to indicate those directions in which progress has been sod is being made. 

FouNDST.—The process of iron smelSog and the oonstmetion of thmaecs baTlng 
been described under other hesdsi the remaining part of the bnsineeSQf albitadryi tIs., 
that which relates to tiie preparation of the moulds and monldlng, wiU now be dcKribed^ 

AfouUing.’^The art of moulding is one of the meet important prooesses carried on 
in a foundry, and the success of the founder Is dlrastly proportionodto the skill sad in* 
pcnuity brought to bear upon the prodnotion of the patterns and tht oystem of moulding. 

Before metals can be out into the variety of shapes in whiek tliey are wanted, 
patterns mqet be prepared of wood or metal, and then moulda oonstruoted of oome 
■ulAoiently fefhsible material capable of recriving the fluid metoi, and retaining it 
H ithout nniting with it until it has solidifled. 

A mixture of sand and loam (packed tightly into metal boxes, ealled flasks) is 
generally chosen as the material for making moulds, and is employed advantageously 
ft>r several important reasons. 

Flatk$»^h\ modern foundries a system has been invented, by which flsrisi of any 
dimensions may be oonstructed by means of bolting together a number of rectangular 
frames of east-iroi^ so amuijged as to admit of being easily connected together. 

When the particular castings for which the flask bos been constructed, or rather 
compounded, ore completed, the separate pieces are unbolted, and are ready to be 
rombined in some new form appropriate to the dimensions of the pattern next to be 
moulded in them. 


The loss of capital, &c., invested in flasks, only occasionally used, is thus saved, as 
well as loss of time in searching for the siae required. The apace devoted, on the old 
system, to the reception of flasks belonging to a foundry was very large, and this 
insy now be appropriated to other purposes. 

Sand and Iwm . — Founders formerly used, on account of price, the description 
of sand most accessible to them, but at the present time, the convenience and cheap- 
ness of railway carriage has enabled special qualities of sand to be delivered to all 
ports of England. 

For founding purposes sand is much improved by the admixture of eoke, crushed 
and reduced to a fine powder, and a mill for this purpose is as necessary in every 
larTO foundry os those for grinding and mixing loam. 

Moulding sand must bo a mixture of a large quantity of silex and a small quantity 
of alumina — the property of the latter material being to cement the grains of silex 
together. Loam consists of the same materials mingled in opposite proportions.' 

The preparation of loam for those purposes for which s^ is not adapted, is an 
important duty in a foundry, for a great quantity of loam cores have to be made and 
dried in proper ovens, which is a tedious operation. 

Bfany costings, such os the screws for steamers, are more convenieptly cast in 
moulds constmeted of wet loam. These ore shaped to the required form when the 
clay is moist, and then carefully dried afterwards. 

Other csstings ore oi such peculiar shapes that they can only be produced in 
moulds that take in a vast number of pieces. These moulds are then formed of u 
number of pieces of hardened sand, held together by atrlpt of iron or of plaiter, if 
the sand ns^ is not coherent enough of itself. 

Compounds of silex and alumina are very infhsible, and when moittened with water 
and faced with oarbonaeeoua matter, they are c^ble of receiving the moat delioato 
iiopreasioni from the patterns which the fbnnder employs. 

Grains of sand are so irregular in shape themselves that they leave innumerable 
irregolar spaces between them, and these intervals form a net work of channels 
which permit the rapid escape of the gases, which are so violently generated by the 
contact of hot metsl tolling upon wet sand. 

Maekim Guflaps.— Every year, engineers order eastings to be prcMred of more 
diffionit and oompfieated forms, and with greater perfection of surfm then tlu^ have 
rewired before. 

The reason of this is, that with the progresgof the mechanical arts larger and 
stronger machines are eontinoaliy being Introduced. In these graater 

tceodmeas of oost-iron frame work is neeesssry, than oao convenieiitly be obtained 
when the flrame is made out of a number of pieeea of iron cast separately and then 
bolted together. It would be imposaible tomould larm frames with pieossuRdaetlng 
on sU sides (piepared to reosWe the moving parts of the machiaas)^ and out 
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hi epntnry diraetiom, hi inj flatlet filled with wet Md^ fbr the pattern new eonld 
he remored withoot destroying the impreteloo. To meet tbtae difienltiet the modem 
ironthunder hat bad to fbllow thnte plant which were flrtt proved practicable bj 
those who have devoted themselTea to catting bronie statnet. In founding, as in so 
many other branches of manuAicittre, the discoveriet made in prosecuting the fine 
arts have been advantageously adopted by those engaged in works of ntilitv. 

FuIm Core*. — The introduction of the drawbacks, or fkite cores, made of sand 
pressed hard (and admitting of uking to pieces by Jolnto, at each of which a layer of 
parting sand is prepared), used for figure casting, enables the moulder to work at his 
leisure, without fharing that his mould may tuuinle to pieces, and also enables him to 
fkahion these drawbacks or cores into the most complicated forms, with the power to 
ratnove them while the pattern is removed, and build them up i^in round the empty 
■pare (formerly ocennied by the pattern) with the greatest fheility and accuracy. 

The workmen, whose occupation it to knead the annd into the forms required 
by the founder, are termed moulders, and they ibrm a very numeroua body of 
meebanicB, demanding and receiving high wagra. 

I'he moulder has often only his sand, his flasks, cranes, and a fiew simple tools (for 
smoothing rough places, and fi>r repairing the places in the sand where the mould 
has broken away during the lifting of the pattern) t he has to make proper arrangements 
for the exit of the atmosphorio mr which leaves the mould as the fluid metal takes 
its place ; and he is expected to produce an exact copy in metal from any pattern, 
simple nr complicated, which may be brought before him. 

It will hr evident that to produce a good result with such imperfect applmnees as 
the ordinary moulder uses, a skilful workman must be employedC and time expended 
in proportion to the difficulty of the operations to be performed. 

Where only a few impressions from a model are required, it is not worth while 
to spend money in making expensive patterns, or providing those appliances which 
may enable patterns to be moulded with facility and little skill | but where thousands 
of castings are wanted of one shape, it is expedient to spend money and skill on 
patterns mid tools, and reduce the work of the moulder to its mininmiB. 

Management — 'fhe best managed foundry is not that in which good caatinM aro 
obtained by the employment of skilled workmen at a great expense, and without 
trouble or thought on the part of the principal, but rather that in which the patterns 
have heeu constructed with a special reference to their being cast with the minimum 
of skill and the maximum of accnracy. It is only by the forethought and calculation 
of the manager that subaeciuent operations can be reduced to their smalleat cost t and 
in the foundry, as in all other manufactorica, the true principles of economy nre only 
practised where the head work of one person saves the manual labour of a large nnmber. 

Imnrovemente . — The attention of founders has been turned — 1st, to the methods 
by which the labour of making moulds in sand might be reduced $ Snd, to the intro^ 
dttction of improvements in the mode of oonstrnctiog patterns and moulds ; and 3rd, 
to the manufoeture' of metalllo moulds for those purposes for which they could be 
applied. A great progress has been made during the last twenty years in these 
different difeetioiis. 

Machine Moulding, In the large Industry carried on for the prodnetion of 
cast-iron pipes for the conveyance of water and gas, machinery has bm applied so 
that the operation of pipe-moulding is performed almost without manual labour, with 
great rapidity and precision. The cost of pipes at the present ffme is only ahont 8/. 
per ton above the value of pig-iron, out of which they are made. A snm very small 
when it is considered that the iron has to be re-melt^, an operation involving both 
a cost of fuel and a loss of 3 to 80 percent of iron in the cupola. An ingeoioiis 
machine J|[| moulding in sand, spur and bevel' wheels of any pitch or diometer his 
been em^Mfed in lADcashire ; the advantage being that the maehine moulding-tool 
acts directly upon the sand without die btervention of nny pattern or mould. In any 
large foundry there is an enormous aocumulation of costly wheetpattems, taking up 
a great deal of space, and these can now be dispensed with by substituting the wheel 
mouldiog-machine. Railway chairs are moulded in a maehine i and plough shaiM,wbich 
although only weighing a fow pounds each, are sold at the low rate m 8t a too, are 
moulded in a machine. 

Plate Coating, — Under the next class of improvements the introduction of plato- 
casting has been the most fruitftil of good results. 

One great source of expense and trouble in n foundry is the iojuiy done to pittens 
and to their impressions in the sand the neeessity, under the* ordinary miuia of 
moulding of striking the pattern, or poshing it first in one direothm nno then In 
another in order to loosen it Noir, the ohjeet of the macMniit li to e ons tre e t ell 
hu spindles, hearings, bolts, and wheela, of tpedfled siiet, and then to eeetthe frenlng 
or Ins maohine so accurately that the working pertt may fit into the fritoe wdlkont 
any manual labour. In order to olfoet this, every prqjection end every opertflio » 




Ai tnna B B, flaak R R, rivet pattern. P, plate. 


Utbour too times as fut ti ordinary moulding, and with fiir greater accuracy. 
Tha plate is inserted between the upper and lower flasks, and sand is Ailed In } 
the plate is then withdrawn by simply lifting it} the guides prevent any shaking 
in this operation ; when the flasks are closed the inipression tit the head of each 
rivet is eaactly perpendicular to its shatt. The first expense of patterns and 
plates of this description is large, hut the accuracy and rapidity of the prooeM of 
moulding IS so advant^ons as to cause us to look to the appiications of plate>csstings 
becoming wry extensive, since the requirements of the inachine-maker demand every 
year better eastings at lower prices. 

When both sides of a pattern are symmetrical one half only need be attached to 
the smooth plate, the other face of the plate being left Idank. An impressioii of the 
pattern most be taken off both m the upper and lower flask, and when these aiw united 
the result will be the same as if both sides of the plate had been moulded ftvm. For 
unsymmetrical patterns both sides of the plate must be employed. The system of 
using plates with apertures in them, through which psttems could be pushed and 
withdrawn ^ means of a lever, was first employed in casting brass nails. A modifi- 
cation of this system has been extensively employed at Womwich Ibr moulding shot 
and shells, in the following mauner: — 

Shell Caeting* — A circular aperture is made in a horiaontal planed plate of iron, 
two inches thick. Through this a sphere of iron, of the fame diameter an the aper- 
ture, is pushed until exactly a hemisphere appean above the plate. The lower flask 
is put on to the plate, and sand filled in { the lever being relieved the sphere ftiUs by its 
own weight} the lower flask is removed and the upper flask pnt on the plate } the sphere 
is poshed throngh the plate as beftire, sand filled in, with great rapidhy and accuracy. 

The aaad oores tor filling np that p^ of the shell which is to be hollow are alao 
careftiUy and quiekly made at Woolwich, The halves of the oote-monld, open and 
shut with a levw, ao that tha bad plan of strikinK the eore-monld is avoided as com- 
pletely aa the bad plan of stnlung the pattern is in the process of monMing shot and sbelL 




remark that iron and brass casungs with a pertoet sorlkoe can only be priced when 
the mould ic well dried and heated ao aa to drive out any mmstorefirom theapeituTes 
between the grmns of sand. By this means chanBels ate opened tor the rapid escape 
of the heated atr and gas expelled by the entrance of the fluid metal into me mouUh 
and the anttooe of the metal la not eooled by its eoatset with damp or edd sand. 
It is also well to mix ehareoal dost, or coke dost, with the aand; and mllBe casdags 
tooovcrthesmrtooeof the sand with a coating of charcoal dmt The oMeol of thia 
proceeding ia to rednee the oxide which may be preeentin the mctoL Thisopsrithm 
of reducing the oxide of a metal instoataneonsly b pcctormcd whh the gfastest eer- 
tainty by thb sim|lo me a n s, invantod, probal^, by the citflbst mcldlttftsto By 
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faieorporatlng a qnanUty of charcoal or coke-dost with the aand, or fkcing the laild 
with carbonaoeoua matter, any oxide of the metal wHleh may be floating amongat 
the pure metal is at once reduced. Sand (being a non-conductor) does not ab- 
stract the beat from the fluid metal rapidly, a^ therefore, solidification of the 
metal takes place comparatiirely remilarly and ^ually throughout the mass ; when 
one part of tne casting solidifies before the adioining pi^ flaws often occur, and to 
aroid these the skill of the practical founder is necessary in arranging for the entrance 
of the metal at the proper point, and for the exit of the air. 

We next proceed to the third class of improvements in moulding, that of the exten- 
sion of the application of metallic moulds. 

Metal ilfotiAif.^The practice of casting bronxe weapons in moulds made of bronze 
(blackened over on their surface to prevent the fluid metal uniting with the mould ) 
appears to have been a very general one among the ancients. 

Some moulds of this description have been discovered amongst the Celtic (?) 
remains disinterred in different parts of Europe. 

The facility for the escape of the heated air and gases from the sand moulds into 
which liquid metal is pour^, is so much greater than that from moulds of metal, that 
at the present time neither brass nor iron is poured into metallic moulds, except when 
a particular purpose is to be attained, viz., that of chilling the surface of the iron and 
making it as haM as steel Iron cannot be chilled or hardened in a sand mould. 

f 'hiUed Iren. — This process of casting in metal moulds was once supposed to be a 
modern invention ; but it now appears, from the metal moulds discovered among the 
remains of the Celtic race throughout Europe, that the bronze weapons of the people 
who preceded the Romans were generally cast in metallic moulds, and not in sand. 
Chilled castings have been brought to great perfection by hlessrs. Ransome, of Ipswich. 
Their chilled ploughshares and chilled railway chairs are cast in moulds of such a con- 
struction that the melted iron comes in contact with iron in those parts of the moulds, 
where it is wanted to be chilled. A section of the casting shows the effect of chilling. 

Zinc, — In casting zinc (a cheap, and abundant metal), which frisea at a low tempera- 
ture, metallio moulds may be most advantageously used. It is, however, necessary to 
heat the iron or brass mould nearly to the temperature of melting zinc, in order that the 
rapid abstraction of heat from the fluid metal may be prevented. The preparation of 
metal moulds, and the casting soft metal in them is now an extensive and important 
industry on the Continent, for ornamental ainc castings have suddenly come into ex- 
tensive use in consequence of the discovery of the electrotyping process. When covered 
with a tliin coating of brass or copper by a galvanic battery, zinc may be bronzed so 
08 to present almost the exact external appearances of real bronze at a tenth of the cost. 

When metal moulds arc used their first cost is very great, as they must he made in 
numerous separate pieces so as to liberate the castings. The joints and ornaments 
have to be chased and accurately fitted at a great expense. Their use, however, re- 
quires no skill in the workman, and the rapidity with which the zinc is cast, the mould 
taken to pieces, and the casting removed, renders the operation a very rapid and econo- 
mical one. — A. T. 

Such is a general view of the practice of founding. The details, however, which 
arc contained in the original article in the last edition of this dictionary, appear so 
valuable that that article is retained in addition to the above. 

The essential parts of a wellmonnted iron foundry, arc, 

1. Magazines for pi^ irons of different qualities, which are to be mixed in certain 
proportions, for producing castings of peculiar qualities ; as also for coal, coke, sands, 
clay, powdered charcoal, and cow-hair for giving tenacity to the loam mouldings. 

2. One or more coke ovens. 

3. A worjm^p for preparing the patterns and materials of the moulds. It should 
contain smJRdge milletonos for grinding and mixing the loam, and another mill 
for grinding coal and charcoal. 

4. A vast area, called properly the foundry, in which the moulds are made and filled 
with the melted metal. These moulds are In general very heavy, consisting of two 
parts at least, which must be separated, turned upside down several times, and rwlaoed 
very exactly upon one another. The costing is generally effected by means of lar^ 
ladles or pots, in which the melted iron is transported from the cupola where it is 
fused. . Hence the foundry ought to be provided with cranes, having jibs movable in 
every direction. 

6 . A stove in which such moulds may be readily introduced, aa require to be 
entirely deprived of humidity, and where a Strong best may bennifoiinly maiataia^d. 

6 . Both blast and air fiimaoes, capable melung speedily the quantitj of oast-hroB 
to be employ^ each day. 

A blowing machine to urge the flisioii in the fhmaoes. 

869, represents the general plan of a weli-moonted foandrj. 
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a, if t €npoU ftiniaeei it if capable of containing 6 tona of caft-ira. 
fi', it a aimiiar fbrnaoc, but of fmaller dimentioiM, for bring ing down 1| tonib 
it a Ibmace like the flrtt, in rcaerve for great cattingf. 
hhbb^B. vast foundry apartment, whoae floor to a yard In depth, la formed of 
sand and ciiarcoal powder, which hare already been need for and are ready 

for heaping up into a aubatratum, or to be aeooped out when depthlc wanted for the 
moulds. There' are betides several cylindrical niu, from five to seven yards in depth, 
placed near the fiiniBcei. They are lined wtlii brick work, and are usually left flill 
of moulding sand. They are emptied in order to receive large moulds, care being 
had that their top is always below the orifice ftom which the melted metal is tapped. 

These moulds, and the ladlea full of melted metal are lifisd and transported by 
the arm of one or more men, when their weight is moderate } but if it be considerable, 
SCO they are movinl about by cranes, whose vertical 

shafts are placed at c, d, a, in corrtwpondence, ao 
that they may npon occaaion transfer the load 
feom one to another. Each crane ii composed 
principally of an upright shaft, embraced at top 
by a coll^ and turning below upon a pivot in 
a step; next of a horiaontal beam, stretched out 
flrom nearly the top of the former, with an 
oblique stay running downwards, like that of a 
gallowa The horiaontal beam supports a 
movable carriage, to which the tackle is sus- 
pended for raising the weights. This carriage 
IS made to glide backwards or forwards along 
the beam by means of a simple rack and pinion 
mechanism, whose long handle dewcenda within 
reach of the workman's hand. 

By these arrangements in the play of the three cranes, masses weighing five tons 
may be transported and laid down with the greatest precision npon any point whatever 
in the interior of the three circles traced upoii/y. 869, with the poinU c, d, e, as centres. 

c, d, e, are the steps, npon which the upright shafts of the three cranes rest and 
turn. Each shaft is 16 feet high. 

//, is the drying stove, having its floor upon a level with that of the foundry. 

\ is a supplementary stove for small artiolea 
^ y y'f are the coking ovena 
h is the blowing machine or ftin. 

I, is the steam-engine, for driving the fhn, the loam-edge stonea 

d, and the charcoal mill. 

f, are the boiler and the ftimace of the engine. 

hf, workshop for preparing the loam and other materials of moulding. 

/, is the apartment for the pattema 

The pig-iran, coals, fee., are placed either under sheds or in the open air, round the 
above buildings; where are also a smith's forge, a carpenter's shop, and an apartment 
mounted with vices for chipping and rough meaning the castings by chisels aud flics. 

Such a foundry may 1*0 erect^ upon a square suifoce of about 80 yards on each side, 
and will be capable, by casting iu the afternoon and evening of each day, partly in 
large and partly in small pieces, of taming out from 700 to 800 tons per annum, with 
an establishment of 100 operatives, including some moulding boya 

0/maAuuftk§MoiJilM,^\. Each mould ought to present the exact form of its ol^ect 
8. It should have inch solidity that the melted metal may be poured into it, and fill 
it entirely without altering its shape in any point. 

8. The air which oeenpies the vacant spaces in it, as well ss the eai^retted gases 

S inerated by the heat, must have a readv vent; for if they are bnt partially confined, 
ey expand by the heat, and may crack, even blow np the moulds, or at any rate 
become dispeiM throngh the metal, making it vesienlar and nnsonnd. 

There ore three distinct methods of msking the moulds 
1. In green sand; S. In baked sand; 8. In loam. 

To enomerato the different means employed to make every sort of mould exceeds 
the limits prescribed to this work. We shill merely indicate fn each species of 
mooldiag, what is common to all the operations ; and then deseribe the foVrioation 
of a fow such monUa as appear moat proper to give general views of this poenllsr art 
MemUimf m prssa sand — The name green is given to a mixtnru of the sand as it 
eomes from its native bed, with about one twelfth its bulk cf ooal rsdacsd to pi^wdier, 
and damped in sueh a manner as to form ajmroua eompound, eajMfolo of praaarvmg 
thelbrmscfthedliiscttimpnasedapoiiit. sand ought to banii^glgiUaoetg^ 

with purtidss not eiosedfaigu pin's henimfifa. When this mitturp has onoe served 
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ft#r a mould, and been filled with metal, it eanool be employed again except for the 
coaraeet caetingi, and » generally need for filling np the bottoma of iVeah moolda. 

I'or moulding any piece in green aand, an exact iMittem of the object must be pre- 
pared in wood or metal; the latter being preferable, aa not liable to warping, 
awelling, or ahrinkage. 

A couple of iron firamei form a caae or box, whieh aervea oa an envelope to the 
mould. Such boxee conatitute an eaaential and very expentiee part of the furniture 
of a fouudry. It ia a rectangular frame, without bottom or lid, whose two largest 
hides are united by a series of cross bars, parallel to each other, and placed flrom 6 to 
8 inches apart 

'J'he two halves of the box carry ears corresponding exactly with one another ; of 
which one aet is pierced with holes, but the other has points which enter truly into 
these holes, and may be made last m them by cross pins or wedges, so that the pair 
beeumes one solid fa^y. Within this frame there is abundance of room for containing 
the pattern of the piece to be moulded with its encasuig sand, which being rammed into 
the frame, is retained by friction against the lateral faws and cross bars of the mould. 

When a mould ia to be formed, a 1)oz of snitable dimensiona is taken asunder, and 
each iialf, No. 1 and No. 2, is laid upon the floor of ^ the foundry. Green sand is 
thrown with a shovel into No. I so as to fill it; when it is gently pressed in with a 
rammer. The object of this operation ia to form a plane surface upon which to lay in 
the pattern with a slight degn*e of pressure, varying with its shajio. No. 1 being 
covered witli sand, the frame No. 2 ia laid upon it, so as to form the box. No. 2 
being now filled carefully with the green sand, the box is inverted, so as to place 
No. 1 uppermost which is then detached and lifted off in a truly vertical piisition ; 
carrying with it the body of sand formed at the commencement of the operation. The 
pattern remains inibedd^ in the sand of Na 2, whieh has been exactly moulded upon 
a great portion of its surfitoe. The moulder condenses the sand in the parts nearest 
to tlie pattern, by aprinkling a little water upon it, and trimming, the ill-shaped parts 
with small iron trowels of different kinds. He then dusts a little well-dri^ finely- 
sifted sand over all the visilile surface of the patteni, and of the aand surrounding it ; 
this is done to preTcnt adhesion when he replaces the frame No. 1. 

He next destroys the preparatory smooth bed or area formed ip this frame, covers 
the patteni with green sand, replaces the frame 1 upon 2 to reproduce the box, and 
proceeds to fill and ram No. 1, as he had previoualy done No. 2. The object of this 
operation is to obtain very exactly a concavity in the frame No. 1, having the shape 
of the part of the model impressed coarsely upon the surface fomed at the beginning, 
and which was meant merely to support the pattern and the sand sprinkled over it, 
till it got imbedded in Na 2. 

The two frames in their last position, along with their sand, maybe compared toabox 
of whieh No. 1 is the lid, and whose interior is adjusted exactly upon the enclosed pattern. 

If we open chib box, and after taking out the pattern, close its two halves again, 
then pour in melted metal till it fill erery void space, and become solid, we shall 
obviously attain the wished-for end, and produce a piece of cast iron similar to the 
pattern. But many precautions must still bo taken before we opa Ut this point. We 
must first lead through the mast of sand in the frame No* IfOne or more channels for 
the introduction of the melted metal ; and though one mty ii^ee for this purpose, 
another must be made for letting the air escape. The metal is nm in by several 
orifices at once, when the piece has considerable inrfaee, but little thickness, so that 
it may reach the remotest points sufficiently hot and liquid. 

The partt of the mould near the pattern mnst likewiee be pierced with email holes, 
by means of wires tratersiug the whole body of the eand, in order to render the mould 
more poroiim|nd to facilitate the escape of tne air and the gsM Then, before lifting 
off the framMo. 1, we must tap the patteni slightly, otherwise the sand enclosing it 
would stick to it in seTsral points, and the operation would not sueoeed. These gentle 
jolts^ are given by means of one or more pieces of iron wire whieh have been screwed 
venically into the pattern before finally rammiim the aand into the frame 1, or 
which enter merely into holes In the pattern. These pieoea are enfficiently long to 
pass out through the sand when the box is filled; and it is upon their upper ends that 
the horizontal blows of the hammer are given ; their force being regnlaled by the 
weight and magnitnde of the pattern. These rods are then removS by drawing them 
straight out ; after whieh the frame No. 1 may be lifted off smoothly from the patten. 

The pattern itself ie taken out, by lifting it ha all its parte at onee, by meani of 
■crew pins adjusted at the moment This snanouTre is executed, Ibr Imr^ pieces, 
umost always by several men, who while they lift the pattern with one lu^ alrike 
It with the other with small repeated Uowi to detach the sand entirely, ia whieh it is 
fimrally mom ennged than itwae in that of the frame No.1. Bat in spite cf all 
VMso preoaatUms,ttmre are elweye some degradaUona in one or other of the two pane 
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of tlia noild I nhkik are immediately reared by the worhamn with damp aand, 
which ha appliee aad pramea gentlv with hia trcwtl, ep ailo redora the iiduredfiirffla. 

Hitherto it haa beaa auppo^ that all the aaad rammed bio the box ia of one 
kind} bat fromeooaomy« the graea aaad koaed aoly to form the portion of the mould 
next the pattern, in a atrainm ^ about an ineh tiiick ; the real of the aorrouaduig apace 
k filled with the Band of the 0oor whieb haa beta oaedmlonnarcailbga Thaudaiior 
byer round the paticm k called m thk eaae, ame mitd» 

It may happen that the pattani k too oompAe&to be lahanont withoot damagiag the 
mould, by two firamea ahma i then three or meet aei mmoally adjoet e d to form the bcuu 

When the mould, taken unnder into two or ntora parla, haa bean protwrly repairci, 
its interior aurfhoe must be duatad over with wood oharooal raductMl to a Tery fine 
powder, and tied up in a small Uaen bap, wbieh ia shaken by hand. The charcoal k 
thus siftod at the moment of appllration, aad eticksto the whole suifmoe which hae 
been previously damped a litdc It k afterwards poHabed wlki a fine trowsL Soroe- 
timoB, In order to avoid nain^ too mneb charcoal, the aarkcea are finally du^ti'd over 
with aaad, very finely pulverised, fVom a hag like the oharooaL The two fVaiiies are 
now replaced with great exacineas, made fast together by the ears, with wedged boita 
laid truV kvel, or at the rr<taiaito slope, and loaded with eonalderahic weights When 
the oaatug is large, the ehaf«oal dusti^, as wall aa that of fine sand, is suppressed. 
Eve^ thing » now reidy for the introduction of the foiad metal. 

MwJdmg t» UJutd or vied eamL *-The meohanieal part of this proeess is the same as 
that of the preceding. But when the oaatings are lar^, and especially if they are tall, 
liydrostatio pressure of the melted metal upon the sides of the mould cannot be counter- 
acted by the foiwe of cohesion which the sand acquire! by ramming. We must in 
that case adapt to each of theae frames a solid side, pierced with numerous small boles 
to give issue to the gases. This docs not form one body with the rest of the frame, 
but is attached extemporaneously to it by bars and wedgod bolts. In general no 
ground coal ia mixed with this sand. Whenever the mould k finished, it is trans- 
ferred to the drying etove, where it may remain from twelve to twenty-four hours at 
moat, till it be deprived of all its humidity. The sand is then said to be baked, or 
anneided The experienced moulder knows how to mix the different sands placed at 
Ills disposal, so that the mass of the mould as it comes out of the stove, may preserve 
its form, and be sufficiently porous. Such moulds allow the gases to pass through 
them much more readily than those made of grew sand ; and in general the castings 
they turn out are less vesicular, and smoother upon the surface. Semetimes to a larga 
piece, the three kinds of mouWng, that in green sand, in baked sand, and in loam, 
are combined to produce the beet result 

MmUdifig ca loam, — This kind of work k executed from drawings of the pieces to 
be moulded without being at the expense of making patterns. The mould is formed 
of a pasty mixture of clay, water, land, and cow’s hair, or other cheap fllamentons 
matter, kneaded toother in what is called the loam mill. The proportions of the 
iogredlents are varied to suit the nature of the casting. When the ^te reqnires to 
be made Terr ll^t, hone dung or chopped straw k added to it 

We ahall illustrate the mode of fobrioatiug loam moulds, bra simple case, such as that 
of a augar pan. Fig, 670 is tlie pan. Thm k laid upon the floor of the foundry, un 
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annular plalfism of cast-iron, a,h^Jfg» 871; sud upon its eeatre e, rests the lower sxtoe- 
mity of a vertical shaft, a^iusted ao as to tarn flreely upon itself, while it makes a 
wooden puttom of. Jig, 873, descrihs a aurfoee of revolution identical with theiiitenial 
■orfooa ravursed of the boiler intended to he made The ontUne « ef the pattern ia 
flubMoedseaBtodcaefihetheaarfoeeoftfatedgeoffocvesBeL Upon the ported; 

JIa, 871, ofthe flat eaat-kon ringt there moet next bu eooatrnoted, wkh brlelu laid 
either flat or on their edge, and elay« a kind of deeae, kik,Jlg. 873, ftoas two to four 

iadbeathiek,aoeofding totheaiaeaiidws^htof thepieeetobtuMNildcd. Tko ex* 

temal aniflkee ofthe brink dome enghlto m esorywlieiu two inehea 
from the anrfoea dcaerihed by the mo e,/. Belbw bnilding np the dome to the poitiil 
ieoakiiotobeplaosdiB ks imids npon the floor, whieh maty he nftmwarfa bMS 
frir diyhig the mould. The top k than formed* leacriaf at i* vomid the npright i 
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of revolution, only a very umall outlet Thin aperture, aa alao aome othera left under 
tilt* vdgrH of the iron ring, enable the mimlder to light the fire when it beoomea neces- 
aary, and to graduate it ao oa to make it last long eDoajB[h without needing more fuel, 
till the mould be quite finished and dry. The combuattonaliould be always extremely 
slow. 

Over the brick dome a pasty layer of loam is applied, and rounded with the mould 

ttf't this surface is then coated with a much smoother loam, by means of the concave 
edge of the same mould. U]mn the latter surface, the inside of the sugar pan is cast; 
the Hue e g having traced, in its revolution, a ledjte, m. The fire is now kindled, and 
as the surfhee of the mould becomes dry, it is painted over by a brash with a mixture 
of water, charcoal powder, and a little clay, in order to prevent adhesion between the 
surface already dried and the coats of clay about to be applied to it The board y cf 
is now remov^, and replaced by another, if iff* % fly » 874, whose edge tff deseribea 
the outer surfhee of the pan. Over the surface e,/, a layer of loam is applied, which 
is turned and polished so aa to produce the surface of revolution as was done for 
the surface a/; only in the latter case, the line if yf of the board does not form a new 
shoulder, but rubs lightly against m. 

The layer of loam included between the two surfheea tf is an exact represen- 

tation of the sugar pan. When this la}er is well dried by the heat of the interior fire, 
it must be painted like the former. The upright shaft is now removed, leaving the 
small vent hole through which it passed to promote the complete combustion of the coal 
There must be now laid horiaontally upon the ears of Uie platform d dtflg, 871, ano> 
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thcr annular platform pq,like the former, but a little larger, and without any cross-bar. 
The relative position of these two platforms is shown in fig* 875. Upon the surface 
if fig. 874, a new layer of loam ia laid, two inches thick, of which the surface is 
smoothed by hand. Then upon the platform // q^fig. 875, a brick vault is constructed, 
whose inner surface is applied to the layer of loam. This contracts a strong adherence 
with the bricks which absorb a part of its moisture, while the coat of paint spread over 
the surface prevents it fh>m sticking to the preceding layers of loam. The brick 
dome ought to built solidly. 

The whole mass is now to be thoroughly dried by the continuance of the fire, the 
draught of which is supported by a small vent left in the upper part qf the new dome ; 
and when all is properly dry, the two iron platforms are adjusted to each other by pm 
points, and /> 9 is lifted off, taking care to keep it in a horizontal position. Upon this 
platform are removed the last brick dome, and the layer of loam which had been applied 
next to it ; the latter of which represents exactly by its inside the mould of the surface 
if that is, of the outside of the pan. The crust contained between s / and iff is 
broken away, an operation easily done without injury to the surface ef which repre- 
sents exactly the inner surfhee of the pan ; or only to the shoulder m, corresponding to 
the edge of the^cssel. The top aperture through ^ich the upright diaft passed most 
he now cloBefl|lnly the one is kept open in the portion of the mould lined off upon 
pq\ because through this opening the melted metal is to be poured in the process of 
casting: The two platforms being replaced above each other very exaoUy, by lueus 
^ of the BiUasting pin-points, the mould is completely fionned, and ready fiar the reception 
* of the metal. 

When the otjeet to be moulded presents more eomplioated forms than the one now 
chosen for the sake of illustration, it is always by analogous processes that the workman 
constructs his loam moulds, but his sagaci^ must hit upon modes of executing many 
^in^ which at first sight appear to he aoarccly possible. Thus, when the forma of the 
interior and exterior do not permit the mould to be eeparated in two pieeee, it ie divided 
into several, wbicb are nicely fitted with adjusting pins. More tban two cast-iron 
rings or platforms are sometimes necoaaary. When ov^ or nngolar snrihoes must be 
tr^ed instead of tboee of revdiation,mo Qpfri||iht diaft is used, but wooden or oaet-irou 
guidn made on purpose, along which the pattern qnt-out board is did according to the 
arowing of the piece. Iron wires and clawi are often interspersed through the brisk 
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work to give it cohcfinn. The core, kernel, or inner mould of a hollow easting is fte* 
quently fitted in when the outer shell is moulded. The ease of a gas-light retort, /y* 
876, will illustrate this matter. The core of the retort ought to have the form seer, 
and be > cry solid, since it cannot be dzed in the outer mould for the easting, ezeept in 
the part standing out of the retort towards mm. It must be modelled in loam, upon 
a piece of cast-iron called a /antem, made ezpreaaly fbr this purfHiee. The lantern w a 
cylinder or a truncated hollow cone of east iron, uKout half an inch thick ; and differ- 
ently shaped for every different core. The surface is perforated with holes of about 
half an inch in diameter. It is mounted by means of iron oressbars, upon an iron azis, 


876 



which traverses it in the direction of its length. Ftff, 877 represents a horicontel 
section through the azis of the core} pA is the axis of the lantern, figured itself at i k 
A 1 } o i I is a kind of disc or dish, perpendicular to the axis, open at 1 1 , forming one 
piece with the lantern, whose circumference o o presents a curve similar to the section 
of the core, made at right angles to its axis, we shall sec presently the two oaes for 
which this dish is intended. The azis p A is laid upon two gudgeons, and handles are 
placed at each of its extremities, to facilitate the operation in making the core. Upon 
the whole surface of the lantern, flrom the point a to the collet formed by the dish, a 
hay cord as thick as the finger is wound. Even two or more coils may ^ applied, as 
occasion requires, over wliiim loam is spread to the exact form of the core, by applying 
with the hand a hoard, against the dish o o, with its edge cut out Ui the desired shape } 
as also against another dish, a^usted at the time towards h; while by means of the 
handles a rotatory movement is given to the whole apparatus. 

The hay interposed between the lantern and the loam, which represents the crust of 
the core, aids theadhesion of the clav with the cast iron of the lantern, and gives passage 
to the holes in its sur^e, for the air to escape through in the easting. 

When the core is finished, and has been put into the drying stove, the azu p A is 
taken out, then the small opening which it leaves at the point A, is plugged with clay. 
This is done by supporting the core by the edges of the dish, in a vertiem position. It 
is now ready to he introduced into the hollow mould of the piece. 

This mould executed in baked sand consists of three pieces, two of which, absolutely 
similar, are represented, 878, at p q, the third is shown at r e. The two similar 
parts p g, present each ih(« loogitudinal half of the 
nearly cylindrical portion of the outer surface of the 
gas retort; so that when they are brought together, 
the cylinder is formed; r « contains in iu cavity the 
kind of hemisphere which forms the bottom of the 
retort Hence, by adding this part of the mould to 
the end of the two others, the resulting apparatus pre- 
sents, in its interior, the exact mould m the outside of 
the retort; an empty oyliodrical portion tt, whose 
axis is the same os tlmt of the cylinder m «, and whose 
surface, if prolonged, would M every where distant 
firom the anrfooe v «, by a qnantitj eqiw to the desired 
thickness of the retort The diameter of the cylinder 
1 1 is preeiMly equal to that of the core, which it 
slightly conical, in order that it may eater easily into 
this apertnre 1 1, and dose it verjr exactly when it is 
introduced to the eollec or neck. 

The three parte of the monld and the eon 
fintbe 
into 
the 

fi® •ff® ^ external suHhoe « a,atei that itdM imM go liw hty^'^lbeTm 
Bhould then be an inaeeniaey, we most comet it by slender Wtm tups fdaeed ni wtr 



1 1 





r 




m FOUNDING. 

tbt cdfe of the diee ooi then by meioi of n out iron vmI ecrew bolti e e. we fix 
the core imnoTebly. The whole eppemtiii it now ut down upon r e, and we tU with 
ecrew bolte the ulane luribce q q upon r r ; then introdoee the neUed metal by an 
uperture r, whion hu been left at the upper part of the mould. 

When, inetead of the example now iclecte^ the core of the piece to be cut must go 
beyond the mould of the external lurfue, u is the case with a pipe open at each end, 
the thing la more simple, becauu we may euiiy a^ut and fix the core by its two 
euda 

la outing a retort, the metal is poured into the mould ut upright. It is important 
to maintain this position in the two lut examples of outing; for ml the foreign matters 
which may soil toe metal during its floe , u the sand, the charcoal, gases, scons, being 
less dense than it, rise constantly to the surface. The hydrostatic preuurc produced 
b> a high gate, or filling in aperture, contributes much to secure the soundneu and 
solidity of the cuting. This ^te piece being superfluou, is knocked off almost im- 
mediately after, or even before the casting cools Very long, and somewhat slender 
pieees, are usuilly cut in moulds set up obliquely to tbe horizon. As the metal shrinks 
m cooling, the mould should always be somewhat larger than the object intended to 
be cast The iron founder reckons in general upon a Imear shrinkage of a ninety- 
sixth part ; that is one-eighth of an inch per foot 

Miiunq of the coat iron — The metal is usually melted in a cupola ftirnace, of which 
the dime'nsiou are very various Ftg. 880 represents m plan, section, and elevation. 



.one of these ftimaoes of the largest sixe; being capable of founding 5 tons of cast-iron 
at a time. It is kindled by laving a few chips of wood upon iu bottom, leaving the 
orifice c open, and it is then filled up to the throat with coke. The fire ii lit at c, and 
in a quarter or half an hour, when the body of fhel is sufficiently kindled, the tnydre 
blut is set in action. The flame issues then by the mouth u well as tjie orifice c, 
which hu been left open on purpose to consolidate it by tbe beat. Without this pre- 
cauuon, the sides, which are made up in argillaceous sand a^r each day*p work, would 
not present the necessary resistance. A quarter of an hour afterwards, tbe orifice e is 
closed with a lump of moist day, and sometimes, when the ftimace is to contain a 
great body of melted metal, the day is supported by meaos of a small plate of cast- 
iron fixed aninst the furnace. Before tbe blowing machine is set agoing, the open- 
ings p y y bod been kept shut Those of tb m wanted for the tuyi^res are cqpimtd in 
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•ocecMioii, beginning at the Icweat, tbe tafkm being rileed acoording aa tbe levvl of 
the Aiaed iron itanda higher in the fhroace. The fame cupola may reeeire at a time 
from one to lin tuydrea, through which the wind le propelM by the eentriftigal action 
of an excentrio ftn or Tentilator. It doea not appear to be BMertainod whether there 
be any advantage in placing more than two tay«* ree ihctng eaoh other upon oppoeite 
eidea of the furnace. Their diameter at the noaile varlea from 0 to 5 inehea. They 
are cither cylindrical or alightty conical. A frw niirmtea after the taydreo have hemn 
to blow, when the coke ainka in tke fumaec, ahornate ehargea of c^e and pig iron 
lunst be thrown in The metal begina to meh in aboat 20 mhiiilea after iu intro- 
duction ; and auccessive ehargea are tlien made every 10 mmutea neorly i each charge 
containing from 3 cwt. to S owt of iron, and a quantity propertiooHl to the eaitinate 
given below. The amount of the ehargea varies of coune with the sue of the fiirnaco, 
aud the apeed required for the operation. The pigi muat he previoualy broken into 
pieces weighing at moat 14 or 1C pounds. The vanes of the blowing na make from 
()J6 to 630 turns per minute. The two cupolas represented Jig. 881, and another 
aloonide in the plan, may easily nult C]^ tons of metal in 2} hours i that is 2^ tons 
per hour. This result is three or four times gre^r than what was formerly obtained 
III similar eupolaa, when the blast was thrown in from email nosslea with cylinder 
bellowa, mov^ by a steam engine of 10 horses power. 

In the course of a year, a considerable found^ like that represented in the plan, 
Jig. 868, will cowiume abont 800 tons of ooke in melting 1240 tons of cast iron ; con- 
sisting of 940 tons of pigs, of diflft^reiit qualities, and 800 tons of broken castings, gate* 
pieces, &e. Thus it appears that 48 pounds of coke are consumed for melting every 
S ewt. of metal 

Somewhat less coke is consumed when the fusion is pushed more rapidly, to collect 
a great body of melted metal for easting heavy articles ; and more is consumed when, 
as in making many small castings, the progress of tke founding has to be ilaekened 
from time to time ; otherwise, the metal would remain too long in a state of fusion, 
and probably become too cold to afford sharp impressions of tbe moulds. 

It sometimes happens that in the same day, with the same fornaoe, pieece are to he 
cast containing several proportions of different kinds of iron ; in which case, to prevent 
an intermixture with the preceding or following charges, a considerable bed of coke 
is inu*rposed. Though there be thus a little waste of fuel, it is compensated by tbe 
improved adaptation of tbe castings to their specific objei‘ts. The founding generally 
begins at about 8 o'clock, p.k., and goes on tiU G or 8 o'clock. One founder luded by 
four labourers for charging, &c., can manage two furnacei. 

The following is the work of a well-managed foundry in Derby. 

200 lbs. of coke arc requisite to melt, or bring down (in the languaM of the founder), 
1 ton of cast iron, after the cupola has been brought to its proper heat, by the com* 
bustioD in it of 9 baskets of coke, weighing, by my trials, 40 pounds each, » 860 lbs. 

The chief talent of the founder consists in discovering the most economical mix- 
tures and so compounding them as to produce the desired propertiea in the casting!. 
One piece, for example, may be required to have great atreu^h and tenacity to bear 
heavy weights or strains ; another must yield readily to the chisel or the file ^ a 
third must resist sudden ulternatioos of temperature i and a fomtk must be pretty 
hard. 

The filling in of the melted metal is managed in two ways. For strong pieces, whose 
moulds can m buried in the ground at 7 or 8 yards distance from tlm fiirnace, tbe 
metal may be run in gutters, formed in the sand of the floor, euatained by plates or 
stones. The clay plug is pierced with an iron rod, wheii all is ready. 

When from tbe smaller size, or greater distance of the moulds, the molted metal 
cannot be run along the floor from the furnice, it is received in cast-iron pots or ladles, 
lined with a coat of loam. These are either carried by tbe baods of two or more men, 
or transported by the crane. Between the successive eastmgs, the discharge hole of 
the fiirnace is closed with a lump of clay, applied by means of a stick, havitig a small 
disc of iron fixed at its end. 

After the metal b somewhat cooled, tbe moulds are tskon asunder, a^ the cama- 
cenees upon the edges of the castings arc hrokenoff with a hammtr. Tasyaiqlilcr- 
wa^ more carefiill^ trimmed or chipped by a ehbd when quite cold* The loss qf 
weight in fomiding is abont 6l per cent upon the pig iron employed. Eaoh eastiog 
always Moires the melting of considerably more than its own weight of ifon, ThS 
eaeam forms the fldw seams, fro.; fra whole of which being deduotsd, shows 
that 1 ewt of coke is oonsumed ftir every 8 ewt of iron pdt Into the fbrnaee c 
for every 188 ewt of ornd# metel» there will be 100 ewt of aS of reftuo 

pMo^andfiofwaste. 

88^ Cmtek^ Araoce^ requires a Ihtle ftirtker description. It b 8 Ihet wide 
wilihin. and 18 | ftMl high, mm, solid body of masonry, as a berie to the ftiriiaee. 
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h h, octagonal platfonn of oast iron, with a ledgo in wfaioh the plates a a a a are 

engaged. 

u a, eight plates of oast iron, 1 inch thick, absolutely aimllar i only one of them is 
notched at its lower part in c, to allow the melted metal to run out, and two of the 
otlK^rs have six apertures, ff g g, &o. to admit the tyydres. 

c, orifice for letting the metal flow out. A kind of cast iron gutter, o, lined with 
loam, is fitted to the orifice. 

f/, hoops of hammered iron, inches broad { one half of an inch thick for the bottom 
ones{ and a quarter of an inch for the upper ones. The intermediate hoops decrease 
in thickness ^m below upwards between these limits. 

c, cast iron gutter or spout, lined with loam, for running off the metal. 

//, cylindrical piece of cast iron, for increasing the height and draught of the 
furnace. 

p, side openings for re- 
ceiving the tuy&res, of which 
tlierc are six upon each side 
of the ibrnace. Each of them 
may be shut at pleasure, by 
means of a small cast iron 
plate, A made to slide hori- 
zontally in grooves sunk in 
the main plate, pierced with 
the holes g g. 

k kt interior lining of the 
surface, made of sand, some- 
what argillaceous, in the fol- 
lowingway. Afier having laid 
at the bottom of the furnace a 
bed of sand a few inches thick, 
slightly sloped towards the 
orifice of discharge, there is 
set upright, in the axis of the 
cupola, a wooden cylinder of 
its whole height, and of a 
diameter a little less than that 
of the vacant space belonging 
to the top of the furnace. 

Sand is to be then rammed in 
so os to fill the whole of the 
furnace ; after which the 
wooden cylinder is withdrawn, 
and the lining of the sand is 
cut or shaved away, till it has 
received the proper form. 

This lining lasts generally 
5 or 6 weeks, when there arc 
six meltings weekly. 

i t, cast iron circular plate, 
through which the mouth of 
the furnace passes for pro- 
tecting the linij^ in k dur- 
ing the iutre^pkon of the 
charges. 

N N, level of the floor of 
the foundry. The portion of 
*it below the running out ori- ^ 
fioe consists of sand, so that 
it my be readily sunk when 
it is wisliod to receive the 
melted metal in ladles or pots 
of large dimensions. 

The fan distributes the blast from the main pipe to three principal points, by three 
branch tubes of distribution. A registSTt oonsiiting of a cast iron pUte slidbig with 
friction in a frame, serves to interoopt the blast at any moment, when it is not dsSrable 
the moving power. A. large main pipe of rine or riieet iron is flitted to the 
orifice of the slide valve. It is square at the beginning, or only ronnded at the 
angles; but at a little distance it beomnes eylindri^ and oondoots the blast to the 
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divaricating pointc. There, each of the branehei tome up Terticalijr, and termbatci 
at b 6, Jig. 881, where it prcflenti a oircolar orifice of inehei. iTpon each of the 
upright pipes 6, the one end of an olbow-tnbe of aloe eeeCfJIg. 881, is a^nsted 
rather loosely, and the other end receives a tayhre of irrought iron d dt through the 
intervention of a shiftinv hose or collar of leather eed, hMped with iron wire to 
both the tube and the tuyere. The portion cs tc may be raised or lowered, by sliding 
upon the pipe 6, in order to bring the noasle of the toydre d d, to the requisite 
point of the furnace. The portiou eece may be made alto of wrought iron. A 
power of 4 horses is adequate to drive tills fim, for aapplying blast to 3 fomaoea. 

The founders have observed that the efflux of air waa not ih» same when Mown into 
the atmosphere, as it was when blown into the foraaees t the volooity of the fon, 
with the same impulsive power, being considerably increased in the latter case. 
They imagine that this circumstance arises from the biail being sucked in, so to 
speak, by the draught of the furuacc, and that the fhn then supplied a greater quantity 
(if air. 

The following experimental researches show the fhllaoy of this opinion. Two water 
siphons, e e e,///, made of glass tubes, one-fifth of an inch in the bore, were in- 
serted into the tuyere, containing water in the portions p gg^hkh. The one of those 
uinnotmUrH for measuring the pressure of the air was inserted at the other in the 
centre of the noizlc. The sise of this glass tubs was too small to obstruct in any 
sensible de^e the outlet of the air. It was found that when the tuyi^res of the fau 
discharged into the open air, the expenditure by a nozsle of a constant diameter wss 
])ropuitional to the number of the revolutions of the vanes. Itwasfhrther found, 
that when the speed of the vanes was constant, the expenditure by one or two nozzles 
was proportional to the total area of these nuzzles. The following formule give the 
volume of air furaished by the fan, when the number of turns and the area of the 
nozzles are known. 


Volume 


2.'j-32 S n 

l*OtK),000 


(0 


Volamo - 22«WL» (2J 

1,000,000 

'Fhc volume is measured at 32^ Fabr., under a pressure of 29'6 inches baroin. 

M B is the total area of the orifices of the tuyeres in square inches. 

n — the number of turns of the vanes in a minute. 

After measuring the speed of the vanes blowing into the atmosphere, if we intro- 
duce the nozzle of discharge into the orifice of the furnace, we shall find that their 
speed immediately augments in a notable degree. We mi^t, therefore, naturally 
suppose that the fan furnishes more air in the second case thw in the first ; but a 
little reflection will show that it is not so. In foot, the air which issnes in a cold 
state from the tuyere encounters instantly in the ftimaoe a very high temperature, 
which expands It and contributes, along with the aolid matters with which the 
furnace is filled, to diminish the fheiUty of the discharge, and consequently to 
retard the efflux by the nozzles. The oxygen gas consamed is replaced by a like 
volume of carbonic acid gas, eijualljr expansiue by heat. Reason leads us to conclude 
that less air flows from the nozzles into the fhruaoe than into the open atmosphere. 

The increase in the velocity of the vanes takes place precisely in the same manner, 
when after having made the nozzles blow into the atmosphere, we substitate for these 
nozzles others of a smaller diameter, instead of directing the larger ones into the fur- 
nace. Hence we may conceive thet the proximity of the charged fhmace acts upon 
the blast like the contraction of the nozslea. When the moving power is unifonn, 
and the velodty of the vanes remains the same, the quantity of air dimharged must 
also be the sanM in the two oases. 

Two tuybres, one 5 inches in dismeter, the other 4}, snd wbieb, consequently, pre* 
sented a total area of 35^ square inches, discharged air into one of the ftjynaces, from a 
fon whoae vanes performed 694 tarns in the minata, These two nosaies bring briahly 
withdrawn from ttieftumace, and tamed round to the free air, whilea truateed paste- 
board cone of 3| inches diameter was subititoted Ibr the nossleof 4} inflies, where 
the area of efflux was reduced to M'S square inches, the velocity of the eailssooDtanaed 
exsetly the same. The inverse operation having been peefonned, that is to say, foe 
two original nowslss haring been smartly replaetd in foe fbmaoe, to disoover whether 
or not foe moving power had changed in foe interval of the experiment, they hetnyed 
00 pemeptible alteration of speed. From foe meesurse taken to couitt foe spe^foe 
error sonld not exceed 8 lerolatioiia per nunntei whieh is aUogellier imimportaat 
npoafoennaberesd. 
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Tt follow!, therefore, that when the eanee of the Ihn hiTe the velccitj of 654 tnmf 
per minot^ the expen^ture bj two nozilei, whoie joint area ii S5| iquare iiiohei, 
b(»ih blowing into a furnace, ii to the expenditure which takei place, when the mine 
noszlei blow into the air, as 85*5 is to 99*3 ; that is, a little more than 4-flfthi. 

If this be, as is probable, a general rule for areas and speeds considerably different 
from tbe abore, to find the quantity of air blown into one or more fkmaces by tbefon, 
we should calculate Uio Tolume by one of the aboro fimnalsD (1) or (2), and take 
4-flfihs of the result, as the true quantity. 

Tbe fan A G, represented (Jig. 681), is of the best excentric form, as constructed by 
Messrs. Braithwaite and Kricsson. d is the circular orifice round the axis by which 
the air is admitted ; and o c b is the excentrio channel through which the air is 
wafted towards the main discharge pipe x. See VjsxTiLATioir. 

FOUNTAIN. A stream of water rising up through the superficial strata of the 
earth. Bee Abtbsian Wells. 

FOXING, is a term employed by brewers to characterise the souring of beer, in 
ihUtempms of its fermentation or ripening. 

PQ^TIONAL distillation. See Naphtha (Boohbah). 

FRACTURE of minerals. The firacture of minerals has been grouped under the 
following heads, there being very few variations from them : — 

1 . Canehoidal; from concha, like a shell, when a mineral breaks with curved con- 
cavities ; example, flint. 

2 . Even ,* when the surface of firaoture is rough, with numerous small elevations 
and depressions. 

3. Splinter jt; when the broken surface exhibits protruding points. 

4. Hackly I when the elevations are sharp or jugged, as iron. 

FRAME, a mining term. See Dbessinq of Obes. 

FRANKFORT IlLACK ; is a black used in copi>er-plate printing. It is said to be 
n charcoal obtained from grape and vine lees, peach kernels, and bone shavings. It is, 
doubtful, whether the finest black is not a soot produced from the combustion of some 
of these bodies. The preparation is, however, made much of a mystery. 

FRANKINCENSE. The spontaneous exudations of the Abies excelsa, the Norvpay 
spruce fir, 

FRANKLINITE. A somewhat remarkable mineral, which is found at Hamburg, 
N. J., with red oxide of zinc and garnet in granular limestone. Its composition has 
been determined to be — < 

1. 2. 3. 

Oxide of iron - - 66*0 - 68*88 - 66*12 

Oxide of manganese - 18*0 - 18*17 - 11*19 
Oxide of sine - - 17*0 - 10*81 - 21*77 

Franklinite was at first employed for the production of zinc ; but for that purpose 
it did not answer commercially. It is, however, now employed in combination with 
iron, as It is said, with much advantage. Mgjor Farrington of New Jersey thus 
speaks of it: — ** Many experiments have been made under my superintendence upon the 
ores of Franklinite, and 1 have also witnessed several others of an interesting cha- 
racter made by other parties in 4 fiixiiig Franklinite with l[>lg iron in the puddling 
furnace, and also a mixture of fifiaklinile |dg with other irons in their conversion to 
wrought iron. The resuiyk^fiU Mes ^ been a gjfekt Improvement in the quality of 
iron as manufactured. 1m tdbst marked and, aa I consider^ the most valuable re- 
sult is obtained by usifigfiroHi ID to 15 per cent of the weight of pig iron to be 
puddled with pulverised Franklinito ore !n the fomace at each heat Iron of the 
most inferior ^lity when thus treated. Is converted into an article of Na 1 grade. 
The volatile nJ|^ of fine at a high temperature, combining with the sulphur, phos- 
phorus, and oiler volatile constituents of the coal, or that may be in the iron, 
being carried off meohanically, I eomider is one of the causes of the improvement } 
the manganese 8 l| 0 ^ tbe ore combines with silica at a high temperature, and pig 
'iron that contains dKca is thus fined ftnm it The great advantage to be obtained by 
using the MjBrariiidl ore in the puddling fiiroace is, that a high grade of iron may be 
made; aDdij|ihi;ra reheating bM been nitherto deemed indispensable, one beating Ik 
found sttffioUnt inch uses aa wIm billeti, nnts, bolts, borsesiioe iron, and naila. A 
particular atlMon of fiiel is not required, coke and eharooal can be dispensed irith, 
and bitnmiiioos or anthracite coal nM** 

FREESTONE. A term need to denote any atone which la capable of being worked 
freely in every direction, and, which has no tendency to break in one directSm mom 
than another. In the counties of Wicklow and Dublin, and alao in Gomwm ^ 
term is applied to granite which works foeely.— H. W. B. 

FREEZING. (CSonpefofion, Fr.i G^rteriffm, Germ.) The three gsBlIfal 
•olid, liquid, and gaseous, under one or other of which all kinds of matter esMt mw 
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roftrribto to tlie iiiAatBee of lieit» modifying, bolraeing, or mbdoing tlio attnction of 
coheiion. Mearljr every solid moy be liooefled* and every liquid may be mporiied, 
by a oertain infbsion ca heat, whether this be renrded as a moving power, or an 
elastic essence. The converse of this propositioii Is eqnallv tree i Ibr many gases, Ull 
lately styled permanent, may be liqnefled« nay, even solidified, by dimlantion of thinr 
temperature, either alone, or aidod by a safimnt mechaokal eoodansaiion, to bring 
their particles within the sphere of aggregative atCraetloB. When a solid is traiuh 
formed into a liquid, and a liquid into a M or raponr, a quaatiw more or less con- 
siderable of heat is absorbed, or becomes latenl, to use the term of Dr, Black, When 
the opposite transformation takes place, the h^ abscibed is again emitted, or iskat 
was latent becomes sensible. See Heat for the more recent bypotheeee. 

The production of cold is a curious and interesting branch of physical inquiry. A 
fetr general laws may be distinctly named. 

If a eolidbody suddenly liquefies, without Bie application of eatemal heat, It abstraote 
from the rarrounding bodies the heat necessary for ita liquefaction. 

When a salt is dissolved in water cold is produced. 

If a liquid vaporises, the vapour is produced at the expense of the heat of some 
neighbouring body. 

When spirite of wine, or ether, is thrown on the body, a sensation of coldness ie 
produced item the liquids vaporising by robbing tho body of heat 

By placing water in a porous vessm, and expoimg it to the sun, it becomes very odd. 
The solar heat^rays occasion a rapid evapotition of the water which has filtered throuffh 
the imres of the vessel, and some heat is taken by the process from the fluid in mo 
interior. 

If air is allowed cnddenly to expand, it takes beat flrom the surrounding bodies, or 
produces cold. 

The most fkmiliar method of producing intense cold is by means of ftwesing mixtures. 
A great number of those were invented by Mr. Walker; the principal resultt are con- 
tained in the following tablea: — - 

L Table, consisting of Frigorifie Mixtures, having the power of generating or 
creating edd without the aid of ice, sufficient for all usefiil and philoeophical purposes, 
in any part of the world at any season. 


Frigorific Mixtwru without lee. 


MIXTURES. 

Thermometer ilnkt. 

DfW> ot rold 
produced. 

Nitrate of ammonia - 

Water - - • 


1 part 

1 

From + 60® to + 4® 

46° 

Muriate df ammonia - 
Nitrate of potaeh 

Water - 


6 parts 

S 

16 

From + 50® to + 10® 

40 

Muriate of ammonia - 
Nitrate of potash 
Sulphate of soda 

Water 


H 

Prom + 60® to + 4® 

46 

Sulphaleo^s^ 

Dilated nhrle aeid 


a parte 
9 

From + fiO^to — 3® 

63 



1 part 

1 

1 

From + 60® to — 7® 

67 

Phoephate of soda 
Dilute nitric aeid 


9paits 

4 

From -1-^50® to — 12® 

69 

Sulphate of soda 
Hydrodilcric acid 


8 parte 

S 


60 



6 parte 
4 

From 4 60® to 4 8^ 

1* 47 

Snlpliate ofsoda 
Mnriata of ammonia - 
Nitrate of potash 

Xmnlg nitrio acid • 


6 parte 

4 

llllllQ 

60 


H 


From 4 60^ to 14^ 

m 
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II. — Table oooeistiDg of Frigorifio Mixtures, conpoied of ice, with chemical salts 
and acids. 


Frigor\fic Mixtura with Ice, 


•p- 

, lllXTUlin.3. 

Tbonnoin«t«r ilnkt. 

Dar orciilil 
firtMluLod. 

Snow, or pounced loc - 2 pans 

Muriate of soda - - 1 

1 

Ps 

1 

to-5® 

* 

* 

• 

Snow, or pounded ice - h parts 

Muriate of soda ... 2 

Muriate of ammonia - - 1 

to- 12® 

Snow^ or pounded ice - 24 ports 

Muriate of soda - - lo 

Muriate of ammonia - - 5 

Nitrate of potash - - 5 

to- 18® 


to -25® 

* 

Snow - - - . .s parts 

Dilute sulphuric acid - 2 

From + 32° to - 23 ' 

55 

ilinow . . • . H parts 

Muriatic acid ... 5 

From + 32® to — 27® 

59 

Snow » - - * 7 parts 

Dilute nitric acid - - 4 

From + 32® to - 30® 

62 

Snow - - - - 4 parts 

Muriate of lime - - 6 

From + 32® to - 40® 

72 

Snow .... 2 parts 

iVyst. muriate of lime - 3 

From + 32® to — £. 0 ® 

82 

Snow - ... 3 parts 

Potash - - - - 4 

From + 32° to — 51® 

83 


N. B. — The reason for the omissions in the lost column of the preceding table is, 
the thermometer sinking in these mixtures to the degree mentioned in the preceding 
column, and never lower, whatever may be the temperature of the materials at mixing. 

To produce these results in a satisfactory manner, it is necessary to cool previously 
to the experiments, the vessels in which the mixtures are made. 

The most intense cold that is as yet known is that from the evaporation of a mixture 
of solid carbonic acid and sulphuric ether, by which a temperature of 1 G 6 '’ Fahr. 
below the Peering point of water is producedL By means of this intense cold, assisted 
by mechanical pressure several of the gaseous bodies have been condensed into liquids, 
and in some instances solidified. 

Sir John Hersohel, some years since, recommended the following method for obtain- 
ing at moderate cost large quantities of ice. 

A steam engine boiler was to be sunk into the earth, add the quantity of water 
which it was desired to ftwese placed in it By means of a condensing pump, several 
atmospheres of air were forced into the boiler, and then everything was allowed to 
remain for a night, or until the whole had acijaired the temperature of the sunound- 
ing earth. Then, by opening a stop cock, the air expanding escaped with much violence, 
and the wate^jMng robbed of its heat to supply the expanding air, the temperature 
of the whole 4 MPbo reduced, that a mass of ice was the result. 

The following process for producing cold has been patented and exhibited in this 
country. 

In a reservoir, or what may with propriety be called a boiler, was placed a quantity 
of sulphuric ether. This reservoir was placed in a long vessel of saline water, this 
fluid by the arrangement being made to flow from one end of the trough to the othw, 
that is to and flrom the reserve. In this water was placed a number of vessels, the 
depth and breadth of the trough, but of only two inches in width, and these were 
filled with the water to bo flrosen. 

A steam engine was employed to pump the air from the reservoir i this being done, 
of coarse the ether boiled, and the vapour of the ether was removed by the engto e as 
fast as it was formed. The heat required to vaporise the ether was derived mm 
saline water in the trough, and this ag^n took the heat from the water in the eem 
flius eventually every cell cf water was converted into ice. The ether irafi, ate jt 
had passed through the engine, condensed by a refrigeratory of the MSiUVy hind. , 
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The fitatement made b> the patentee was very eatufiictory. aa it regarded tlie cost of 
r induction An upparutim of thib kind is of eouiae iiiteiided for hot couutiieS only, 
^licii ice htcumib actually ( ne of the nc tbeanes of hie 

A peculiar physio il lac i connected with the freeilng of water has bean made avail- 
able (o sonic inipoitaiit umr. At itci in itctriiig nally rejects f\«rylliSng it mny 
coiitiin — even iir and heme solid ic< is a<tual(y ftwt water ^hia may b< ea»iiy 
pioved Make a good free ring iiiixtnre, and phne some water in a flask and while 
it IS undergoing eooM>lidation he'll g placed in the flrigoriiic compound gently 
ig titc. It with a fouthtr Now, if th water contains splnk ae id salt e i colouiing 
initler either of them are aliki rejeeted an I the aoliil (•btained, whe u washed from 
the nmtit i dluiiiig to its aurtaee, le ahs dulclv pure b lid watir 

1 hi philoKiphi fut alth ugli it hab < nly been subjotded to exanitn ition within 
th( lew yuiifl hih lieen long known 

Jlyioii, 111 Ills I tth canto o( Don Juan^ has the following alluRion to it 


' rilhavf mother ri.urr In a trtre { 

\\h It » 1 ) you to I bottle of champag le^ 

1 rosMi Into a eery \iiiouk ic 
Whirl! lta\( I lew Un yk of that Immortal rain. 
Yet In the V(.ry lentn t aat all prtci, 
about a liquid glml\il will reniahi. 

And thii It ■trontter than tba itrongrtt grape 
Could e tr t.xpieai in Iti uxpanded thaiie * 


The old nobles of Russia, when they desired a more intoxicating drink thin usual 
]iMcdt1ieii wines or spirit in tin ice of their frozen tivers, until nil the a pi oiis 
loition was fio/en when tbev drank the anient fluid accumulated in the centre 
I Ins plan has been employed uho for concentrating lemon juice and the 1 ke 
J hi inanutacture of ice by machinery ib otic of the n iiiv interesting ajiplieations 
of Kieiiee, and this baa now bceomc a practical trade In ISIl M Uezet of Hoiien, 
solitili/cd etl ei in a close vessel b\ exhausting the air from its surface After the* 
III the ether vapour itself was exhaubted by a pump, then condeiibed by the aid of 
e I Id wutei, and fotced back into the same vebstl, by which a cemtinu tl absorption ot 
e alone from the surrounding bodies was effected, and a continual refrigeration ob- 
tallied as long as the eiicuUtum of ether was kept up by working the pump 
Hamson'b ice making niachme, and its improved form by Mr Siebe is a particular 
applicatiem of the evh lubtiiig air pump , the working of the process is as followb 
A ipiantity of sulphuric ether, eontaineei m a clobe vessel surrounded by a cuiunt of 
salt water, is made to pabs lapidly into a btate of vapoui hy the action of a 1 irge in 
pump diivcn by steam power, the necessary amount of heat requiute to effect this 
change in the ether is abstracted from the Burioutidmg salt-water casing, which is 
thus cooled to a temperature below the freezing point of water, and is then m'lde to 
circulate through a 1)ox, containing the water to beflrozen, in tin moulds arranged on a 
tiaeelling fianic, which moves in a direction contrary to the refrigerating cuircnt 
1 in ether vapour removed at every stroke of the pump is passed over Co a cc ndeuser, 
will re It icaasumes the liquid form, and is letum^ to the evaporating vessel 
It will be seen that the principle in the machines of Harrison, Reret, and Siebe is 
the same Ihe inaehim inseutid by M Cair^ appears to be miieh moreefleetive 
Messrs Carre and Co h ice miking inaclunes are of two kinds, one being con- 
tinuous and the other ink rmittcut in action , but the principle involved is the same 
m both cases, viz , the production of cold hy the volatilization of a gas which is easily 
liquefiable, and, at the same time, in a high degree soluble in water. The smaller, 
or mtennitttnt apparatus consists ebbintially of a pair of distilling and condensing 
vessels, united together by an air tight joint, and capable of resisting an internal 
pi ensure of 150 lbs to the square inch The distilling vessel is filled with a watery 
soluuon of ammonia, at the maximum point of saturation Bv the application of 
heat, the ammoniaeal goa la dmen off, and passes over into the receiver or con- 
densing vessel, where u is som liquefied by the constantly inoreasing pressure of the 
gas given off by the watery solution, a pressure of 97 lbs to the square inch beiug 
sufficient to effect the liquefaction of the gas, when the temperatuiw of the vapour 
does not tzoeed Fahr AYben the condenser is filled with pure fluid Munonia, 
the duiilling vessel is removed fh>m the fire, and is immersed in a ves^ of water 
at the ordinary temperature of the air. By this means the water remaining in the 
distilling vessel is slightly cooled, and it immediately redissolves the column of 
ammoniaeal gas standing above it, a vacuum is fonned, and the liquefied gaa imoia* 
diately begun to distil back and rediasolve The beat%ieeeisary to effect this 
redistillation is abstracted ftom the water to be frozen, which is oontsined m a 
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)0 inmutoti for the rcviree disullution , it is during the latter period that the ici 
ih I rodiirtd Aliout f>iir pounds of lec arc pioduced foi cveiy (louud oi fud 
(riiHuiiud in the preliiiiinaiy distill ition 

I he contiiiiiouH apparatus is more complicated in construction, it consists of a 
b liir or distilling > easel, ^itli the addition of a rectifier, toniicd of aw lies of 
hoiirontul tulws in uiiieli the gas is lieid from the last trace of water by a curinit 
of weak unitnonia wati i circulating in the opposite direction Froni the rectifier tiu 
guH passes to a seipintinc tiilM, forming pirt of the boiler, and thence into the 
(ojidcusir a series of tubes eooled bj a current of water to 60° hahr Here the gis 
is lupiefied and is driven over Iv the prcssuie in the boiler into a regulator from 
which It passes into the fne/iiig lessel also fotmed of a sen s of spirit tubes w) leli 
nil surrounded by a solutu n of ehlotidc of caleiiim the moul is containing the 
water to be frozen are pine id in a vibiatmg frame in order to cause the ue toloini 
more rapidly Iht return current of utmnonuoal gas tiom tiie freezing vessel is 
passed over by an exhausting pump into a leetner, wlun it is redissolved in the 
h|(iit watei diawn fiom the boiler Ihe ic< ]i dined in the e< ntiiiuous ap[ aratub 
vanes between eight and fiftten times the weight of the fuel eonsumed about a 
gallon of eondensmg water is re ]uired for c\«iy |tuml of ite pioduccd I'oi sotm 
liiithei matters ci mice ted with thib pcetiliu loiulition se W aimi 

1 HI \( II lirilRirs Ihc benies of the hhamnus tuthaiti u& ind othei species 
of the nuekthoiii ihc true Iremh hcirits, which si ouhl be foui Hiedcd belong 
to the first nami d , all the two seeded berries an obtained fiom othei and interioi 
kinds 

I UFNCH ( IIAl K A btiatite , a soft magncbium minei il 

Mil \( II 1H>1 IbH Jlicn arc numeioiis m thods g ven fur the preparation of 
this polish , one 1 the best is piobibly the following 1 J lbs of shell lac dissolved in 
a gallon of spirits of wine without heat Another rieipe is 12 ounces of shell lac, 
2 ounces of gum olemi and 3 ounces of copal to 1 gallon of spiiits of wine 

1 lU NClI FUliPl E Amongst the most inipoitant of the ii cent improvements in 
the preparation of colouring in itter fVotn the lichens may hi mentioned the prelmiiiiaiy 
extraction of tlie colouring acids of the lichens by digestion with an alkali (potash c>i 
lime) and the subsequent preei} itation oi these acids, whereby they arc completely 
seiaratcd fiom the woody untters and othei impurities Dr ^teiihouse to whom 
this valuable suggestiin is due recommends inamifactiircis toniaceiatc the liehenH 
on the spot with milk of lime, and then to precipitate the cleir solution by means of 
an and suih as h'^diodiloric or acetic acid wliertb> the colour yielding acids aie 
separated B\ subject ng thisi acids more or loss puic to the action of air and 
aiiiinoniu jiroducts are obtained not only fiee fiom woody fibre but exhibiting 
brighter and deeper colours nrt to speak of tlie economy and fgcilitj of nianipu 
lutiug a much smaller bulk of material during the most important stage of the 
uianufaituic 

Archil prepared hj the usual methods notwithstanding its fine colour, has the 
defect < f being txtieiiKl> lial Je to change by the action oi acids Imd alkalis and of 
easily deteriorating in colour when ajiplied to silk, wool, or aiiimalized cotton 
Hecently however a new kind of aiehil his been prepared, undei the name of 
French Purple distinguished in the first place b> ita very pure mauve or dihlii 
colour, and secondly, by being much faster than common and less sensitive 

to the action of acids 

1 his be lutiful colour has been introdnced and la olueftj’ manufactured by MM 
Guinon Martas, and Bonnet, of Lyons It is prepattid aa rollowa — The Iccanoric 
eiythic evernic acids, &c , of the lichens are extracted by digestion with ammonia , 
the mass iMjissedt tbe soluUon precipitated by a mineral acid, and the precipitate 
collected, 'Mned, and redissolved in umnioma by the aid ot heat, whereby a aolutiun 
IS obtained which on exposure to the air at a temperature of 19° or 20° G , 
gridually assumes a very bright red colour, Aa iom os the tint has acquired 
Bufiicicnt intensity the liquid is introduced into f|iaUow basins, and very slowly 
evaporated at a temperature between 40° and 60° C , care being taken not to exceed 
the latter limit By this evaporation in contact with the air the liquid after a few 
da^ s acquires a very deep violet colour, which undergoes no further change even 
h> the action of acids The violet solution, super saturated with a strong acid, 
yu Ids a copious floeculent precipitate of a very fine and nch garnet colour, which 
wlitn collected on a filter, and washed tp remove the salme mother liquid, oonftitntei 
I unch purple # 

1 he dye thus prepared has not, however, attained the highest degree of beaniy and 
ot which It IB Buseepfible Whett used directly for dyeing wool or uXk (for 
vhich purpose it does not require the aid of mordants the colounag matteif bemg 
Bimph Uissolvid in ammonia, and the aolation diluted with the proper quantity w 
water) u imparts to them a violet ooioor having a reddish cast 
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To obtain the dye in a state of greater purity it Is oonvcrtwl into a lime or 
alumina lake. For this p\irposc the amnioniacal soiulioo is precipitated with 
chloride of calcium or Miih uliim; the red colouiiux matter then n^mains almost 
wholly in solution, and the lakes are ocdlected, cwfully washed with cold water, 
and dried ut a gentle heat. They then present a Tiolet or bluish ^tspect, and acquire 
a coppery lu^tre by friction. 

French purple is generally sent into the msrkM in the form of lime lake. To 
n^ndcr it available for dyeing, the lake la decomposed and the coloiiniig matter set 
frw. For this pnrpo'4c the lake is n*duci*d to an impalpable powder, which is 
hoiled with oxalic acid to separate the lime, and the colouring matt r then dissolved 
out by niuinonia. The Jake nmv also be directly di'coiupoM'd by boiling it with 
carbonate of aintnonium. For printing, the lake is dissolved acciie lu'id, and the 
solution mixed with alcohol and thickened. 

lu this manner, very fine and pure luauve and dahlia tints are obtained, especially 
on silk, without the use of mordants, properly ao-called. Trench purple, moreover, 
mixes easily with other coUtuiing matters, such as ultramarine, indigo, ennninu, 
cochineal, unilinc red, &o , producing the most varied ^nd delicate iirita. 

Keecntly, however, the manufuetiire of French purple has been greatly diininishcd 
in iinportanec hy the formidable competition of the coal-tar purple. The iipsliot of 
this struggle will depend on the relative beauty and purity of the tints obt lined, and 
oil their comparative costs: for, so far us regards fastnc^s and resistance to the 
influence of light, French purple is ceiiainly superior to uuiliiie purple. See 
"Watt’s Dictionary of Chemistry.** 

FIIENCU TlJR A dyer's term for a mixture of protochloridc of tin and logwood, 
called also “ plum tub.*' 

FIIICTION. The resistance to motion which depends on the structure of the 
siirtaces in contact. Frution is usually divided into two kinds ; sluUng fttrtion and 
rolling friciion^ The questions involved in the oonsidcration of friction arc purely 
engineering, and cannot therefore be treated here. One very important element may, 
however, l^e named, ao showing the iniportaucc of exact science in connection wiili 
the improvements in mechanics. ])y friction heat is evolved. It is found by ucenruto 
experiment, that the ijuanMif of heat evolved i» exactly uujfficient to n produce the ejfoit 
rattled in overcoming the fiution. — Joule and Tlmmn, 

FRIEZE. ^Friect Fr. ; FriM, Sp.) The nap on woollen cloth ; hence it is applied 
to a course kind of woollen cloth or stuff with a nap on one side. See Baizu. 

FRIT. See Enamel and Cilabh. 

FRITTING. It was formerly the practice in glash-making to beat the glass 
mixture to such an extent that an incipient fusion, or caking together, commenced, 
during which the liiica began to act upon the bases, the curbonic acid was partially 
expelled, and a frit was produced. The Schmelz of the Austrian and Bohemian 
glass houses is a true frit, or an imperfectly melted mixture, composed of lixiviated 
ashes and sand. See Glass. 

FUCH8INE. See Aniline Red. 

FUCHS. Sec Alqa. In the Fucut serratut and ciramoiden silver has been de- 
tected, Malaguio has stated to the extent of T„7iRhiv» wbes of these plants. It 

has also been stated that these nod some other plants contain lead and copper. 

FUD, or WOOLLEN WASTE, is the refuse of the new wool taken out in the 
scribbling prooesa, and is mixed with the mungo for use. See Mdnoo. 

FUEL. {Cimbmtilde, Fr. ; Brennntoff, Germ.) Such combustibles as are used for 
fires or fumacei. Wood, Turf, Coal, arc familiar examples. Fuels differ in their 
nature, and in their power of giving heat: it is therefore of much importance to 
ascertain the beat-giving power. Numerous excellent experiments have been 
made for the purpose of determining with exactness the heating values of fbels of 
different kinds. Lavoisier and Laplace, in an extensive examination carried out by 
them, used the well known Calorimettry that is, they determined the value of tlie 
heat by the quantity of ice melted in a given time. Count Bumford lubsequently 
measuKd the quantity of heat bv the increase of temperature in -a given mntity of 
water. The quantity of heat which will melt I lb. of ice at 0^ Cent 'Ming just 
sufficient, oocordiag to Laplace, to raise the temperature of a pouiid of water to 
Cent, or, according to the experiments of Regimult. to 79^ Cent Clement and 
Dcsormes have also shown, that an equal weight ot aqueous vapour, whatever 
may its temperature and tension, is always produced by one and the same amount 
of heat 

As far as we can within the limits of the present work, we shall endeavour to 
present a full praetical view of the suhieot, giving each class of Riels ufider their 
several heeds. 

I. HW, which N divided into hard and soft To the former belong the oeh, 

ddS 
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the l)corh, th« alder, th( hirch, and the elm , to the latter, the fii, the pino of difTertnt 
fiuMh flic lurch, the linden, the viillow, and the poplar 

UiMiit like dr^iicsuaud ucight, dlflc i cut hchmU me found to afloid Mry diflcunt 
(hgietsot heat *iii<l comhustion Moistuic diniiinshes the hcntin^r power in three* 
>v by dimiiiibhmg the relatiTe weight of the ligneous mattei, b> wasting he it in 
itN t vnpoiMtiun, uid by eausiiigaluw and iinperlcct eoinbustion If apiece of wood 
cont nil, for cxani^ilc, per cent of wate*r, then it contiina only 75 per cent of hi 1. 
und the e i i|M)iatie>n of tliiit w itci wdl reqiiii e part of the weight of the wooel 
lie lue the dump wood ib ol 'ess value in combustion by oi if than the drj I he 
cjuintit} of nioibtute in newly felled wood amounts to from 20 to 50 pet cent , hiich 
contains 50, oak 55, beech and pine 19, aldei, 41, fii 45 According to tlicir diflt lent 
iiatutes, weKids whie h ha\e been felled und cleft for 12 months contain still fremi 20 to 
I'^peieent of witer Ihere ibiievei less than 10 percent prehcnt,evei when it 
lias heeii kept long in t diy plate, and though it bodiied in astrong heat it wi I aftei- 
waidb absorb 10 oi 12 per cent of watet If it he too strongly kiln diied, its heating 
powers me, impaiicd by the commencement of c iibouisatiou, as if borne of its hydiogen 
were dcbtro^ed 

'Iho following table, compiled fiom the researches of ( ount Runifoid, will plaee 
these points cleaily befoic us 


Out loiind or th( rollowing woods 
wIiLii blunt will beat 

l*ju ds (>r wall r li ) II 0° to 10( ( cut 

Onitiiury condition 

Sli^liOy driul 

Strougl dried 

LimclKti - - - - 

34 70S 

3S813 

40 IJl 

Hc*cch - - - 

31 7US 

. - 

36 746 

Llm - - - - • 

JO 205 

- - 

34 083 

Oak 

25 590 

20 210 

29 838 

Ash - • - • - 

S0*0b6 

33 720 

35 440 

8y catnorc .... 

- 

- - 

3b 117 

Fir - • • • • 

30 322 

34 000 

37 379 

Poplar - - - . 

81601 

- 

37 Ibl 


Vrom e\ try combustible the beat is diffused either by radiation or b) direct commuiii- 
catiem to bodies in contact w ilk the flame In u wood Are the quantity of radiating beat 
18 , to that diflused b} the air, as 1 to 1 , oi it ib one fourth of the w hole heating power 
II Chanoal — U he different charcoals afioid, unde r equal weights, equal quantities 
of heat Wc ma> icckon, upon an average, that a pound of dry charcoal is capable of 
he*ating 75 pounds of water from the freezing to the boiling point, but when it has 
been for some time exposed to the air, it contains at least 10 per cent of water, whiih 
IS partially decomposed in the comhustion into carbuiettcd hydiogen, which causts 
flame, whereas pure dty charcoal emits none 
Winkler gives the following os the results obtained by him with charcoal tVom various 
sources 






Pounds of water ho lUd 

Air required for per 


Pounds of lead rediu i 1 



from 0® to 100® Cent 






by 1 pound of chart oal 

rcct combuiiloD. 

b> 1 pound ol charco il 

Poplar 








33 56 

SycamoimA 
Fir - 







33 23 

33 51 

Ash - 
Birch 





On an average 
76 7. 

On an average 
293 5 cubic feet • 


33 23 

33 71 

Oak - 





at 19° Cent. 


38-74 

Llm - 


m 






33 26 

Willow 


m 






38-49 

Pine - 


m 






83 63 


A cubic foot of charcoal flrom soft wood weighs nmn an average flrom 8 to 9 pounds, 
and from hard wood 12 to 13 pounds ; and hence the latter is Wet adapted to mam* 
tain a high heat In a small compass The radiating heat from charcoal fires conso- 
tutes one third of the whole emitted, 

III 7W/ or peat — One pound of this fuel will heat according to its quality, from 
18 to 42 pounds of water from freeaing to boding. Its valne depe^ upon ita com- 
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paotnest and freedom from earthy particlee ; and its radiating power m Io the whole 
heat it emita in burning aa 1 to 3. 

According to Berthier, the following resulta were obtained from peat : — 

Poundi ef water hraivd hr I iMwnd 
ot peat Arom tu 10(P Out. 

. 181 
- . 57 9 

. S9 3 

- 34-9 

- 34*6 

inkier gWos 26 9 aa the evaporative power of the worat l/unoTey*«ni peat, and 
42*r> aa that of the boat. 

IVat obtained from the 1k>g of Allen gave, according to OrilR*h (thediscrcpuiieiea 
between the reaultb we do not underatand) 

Vounilft of « Iter heated from 
ifi lo livP Cent. 

Upper peat - - - - - - -62 7 

Lower peat 56*6 

Proased peat 28*0 

IV. Coat. — The varieties of coal arc almost indefinite, and give out very varioua 
quantities of boat in their combustion. The carbon is the heat- giving constituent, 
and it amounts, in different coals, to fW)m 75 to 95 per cent. One pound of good coal 
will, upon an average, hint 60 pounds of water from the freeaing to the boiling point. 
Small eoal gives out three-fourths of tlie heat of the larger lumps* The radiating heat 
emitted by burning pitcoal is greater than that by charcoal. 

V. The coke o/ c(Htt — The heating imwer of good coke is to that of pitcoal ns 75 
to 69. One pound of the former will heat 65 pounds of water from to 212° ; so 
that Its power is equal to nine-tenths of that of wood charcoaL 

Berth ler ^fivos 16 results of his trials : — 

PoundR of water hoatrd by I pound 
of tOAl front (P to lUO C. 


Dowlais coal - - - - - -72 0 

OlaiJiorgan - - - - - - 70 7 

Nvvreabtle - - - - - - • 70*0 

Derbyshire • - - - - -61 6 

Lancashire (canncl) • . - . . 5,3*2 

Durham 71*0 

Coke (St. Etienne) . • - . • 65*G 

Do. gas from Paris - - - , • 50*3 


VI. Carhvretted hjfdrotfen or eoal gaa. — One pound of this gas, equal to about 24 
nihic feet, disengages in burning as much heat as will raise 70 pounds of water from 
the freesing to the boiling temperature. 

In the following table the friirth column contains the weight of atmospherical air, 
whose oxygen is rcquiti^d for the complete combustion of a |>ouDd of each particular 
substance. 


Source of the Feet. 

From Troyea - . - 

M department dc la Somme 
n ». de la Marne 

n „ de la Vosges 

n n des Landes - 


Spcclei of conbuitibi 


Perfectly dry wood 
Wood in its ordinary state 
Wood cbarcoal 
Pitcoal . . - - 

Coke - - - - 

Turf . . . - 

Turf obarcoal 
Carburetted hydrogen gas 
Oil 1 

Wax k - . - 

Tallow J 

Alcohol of the shops 


Found! of water 
whlrh e pound cen 
heat from <P to St^. 


Wrixht of atmonpherk 
elr at 32o, to burn 
1 ponnd. 



The quantity of air stated in the fourth column, is the smallest possible required to 
bum the oombuatihle, and ia greaBy lass than would be necessary in practiee, where 








fuel. 


4{)ii 

mtu li of the air never cotiios into contact with the burning bod}, and where it con- 
st (]iicntiy ncTcr huti Its witolo oxxgtMi consumed. The beating power stated in the 
sttoiid column ih also tlio inaxiniuiit efFeot« and can wldom be realised with ordinal y 
iKiilcm. The diaiiglit of uir usually cariies off at least 1 of the heat, and more if ns 
ti'niperutiirc be very high when it leaves the vessel. In tnis case it may amount to one 
Jiall of the whole heat, or innie ; without letkoningthe loss by radiation and conduction, 
which however may be rindeied veiy small by enclosing the fire and flues within 
piojicr non-coiidueting and non radiuting niutttials. 

It apfiears tiiat, in pructkc, the qnantit} of heat which may he obtained from any 
coinhiistii le 111 a properl} iiiounUd iijipatutus,niiist vaiy witli the natuieof the object to 
he heated. In heating ehuiiihiis b} stovis, mid water boilers by iiirnucos, the cffliient 
lieut 111 the chiiiine}« which loiistituUs the principal waste, nia} be reduced to a very 
model lite (piiiitity, ii lompmison of that wliteh escapes fiom the best eonstructul 
revel beiMtoi y heiirtU. In heat mg the ImuIcis of steam engines, one pound of coal is 
uekomd iidi(|iiiitc to eonvcit 7J pounds of boiling water into vapour ; or to lii'at 41| 
pounds of water from the freezing to the boiling point. One pound of fir of the usi.iil 
di} iM'Ss will evaporate 4 pounds of water, oi liiat 22 pounds to the hnilii'gtcinpciatiire , 
which IS about two thuds of the iiitivimma (fleet of this eoinliiihtihle Atcoidiiig to 
>\utt'b expel imcrits upon the gicat scale, one toutul of coal can boil off with the h« st 
built boiltr, 1) jioiiiids cif watd , tlie dcfiianc} fiom the inaxinuim effect being lure 

ot mail} one sixth. Se< itic TalAts nt ih* tnti of tins oitic/t. 

In many eases the hot an which puhst^s into the flues oi ehiinneys may be bene- 
ficiiill} applied to the luMtiiig, di } mg, oi roasting of objects ; but care ought to be take n 
that the diaught of the file be not then by impaired, and an impcifcct coin bii -.t ion of 
the fuel piodiiced. For, at a low sniotheriiig tcnipcrature, both carbonic oxide and 
(arbuiettcd liydiogeii mu} be geiieiatud iioiii coal, without the production ot much 
heat 111 the flrepJaco. 

To dc term me exactly the quantity of heat disengaged by any comhnstiblc in the act 
of bitriiing, thtee diffeieiit S} steins of apparatus have been employed . 1, the calori- 
meter of Lavoisier and Laplace, in which the substance is burned in the centre nt a 
\e‘ssel whose walls aie lined with icc, and the amount of ice melted measures the 
heat ovoUed ; 2, the* calorimeter of Watt and Ruiiifoid, in which the degree of heat 
( nuiiuuuicatcd to a given bod} ul walet aflords tlu measure of tcmjierature ; and .% by 
the* quantit} ot watet evnpoiatc'd b} diflet cut kinds of fuel in similar circumstances. 

The fiist and most celebiatid, tbougli piobably not the most accurate apparatus for 
nu'asuiiiig the* quantit} of be>at tiausteiablc ftoiii u hotter to a colder b<^y, was tliu 
e alorinioter of Lavoisier and Laplace It consisted of three concentric cylinders of tin 
plate, placexl at certain distances asunder ; the two outer inteistitial spaces being filled 
w ith u « , w bile the iiiiurmosl c} Under received the hot body, the subject of expci iment. 
'I'lie quantit} ot water dischaiged fiom the middle space b\ the melting of the ice in it, 
seivid to measure the quantit} of heat given out by the body in the central cylinder. 
A siinplei and betur instrument on tins principle would be a hollow cylinder of ice of 
]>io|)ei tliiikiiess, into whose interior the hot body would be introduced, and which 
would induate hy the quantity of water found melted within it the quantity of heat 
absorbed hv the ice. In this case the erioi s occasioned by the retention of water among 
the fragineiils of ice packed luto the cylindiie cell of the tin calorimeter, would he 
avoided. One pound of water at 178^ Fahr, intioduced into the hollow cylinder 
di SCI ibed, w ill melt exactly one pound of ice ; and one pound of oil heated to 172^ will 
melt half a pound. 

Tht meOutd of r^fi iteration, contrived at first by Meyer, has been in modern times 
hi ought to great perfection by Dulong and Petit. It rests on the principle, that two 
surfaces of )||b size, and of equal radiating force, lose in like times the same quantity 
of heal w hen" they arc at the same temperature. Suppose, for example, that a vessel of 
polished silver, of Hiiiall size, and very thin in the metal, is successively filled with dif- 
fiicnt puLvetiscd substances, and that it is allowed to cool from the same elevation of 
tcnipciature ; the quantities of heat lost in the fiist instant of cooling will bo always 
< qual to each other , and if for one of the substances, the velocity of cooling is double 
ot that for another, we may conclude that its capacity for heat is one hal^ when its 
weight js the same; since by losing the same quantity of beat, it sinks in temperature 
duiildc the number of degrees. 

The method of mixtures. — In tbi/metliod two bodies are always employed ; a hot 
body, which becomes cool, and a cold body, which becomes hot, in snehmanaer that all 
the calorie which goes out of the former is expended in heating the latter* Suppose, 
lor example, that we pour a pound of quicksilver at 212^ F., into a pound of water at 
•‘^2 ; the quicksilver will eoel and the water will heat, till the mixture by stirring sc- 
*l“‘*‘®* J common temperature. If tliis temperature was 122®, the water end meroury 
would have equal capacities, since the same quantity of heat would produce in an equal 



FUEL. 


407 


BiaM of these two sahstances equal changes of temporalure, via , an eleeakionof 90^ in 
the water and a depression of 90^ in the meroiirf Rutin reality, the mixture is found 
to bare a temperature of only 37^^ showing that while the mercury loses 174^^ the 
water gains only 5^ , tw o numbers in the ratio of about 39 to I \ wh* uee it is loncludefl, 
that the capacity of mercury is X of that of water Cfureetioni oiuni be made foi the 
influence of the vessel and for the heat dissipated during the timt of the (xp« riment 
It our oljict lie to ascertain the relative heatmf;, I o%trs of diffirent kinds of fuel, wo 
need not care so much about the total wMte of heat 1 1 the expel luieiits piovuhd it be 
the same m all , aud therefore they Khould be hurmd m the same fninnie, and m the 
same wny Buttlu more econoinicallv the heat is applied, tlu ^reatei leitmut) will 

till re lie in th t nuits I lu apparatus, fitf 8*42, 
IS simple and well Q<la|Wl toiiuUi such toiii- 
{uiative trials of fuel. The little fuiiiaie is^ 
ou\( rid at top, aud tiansnuts its burned int b\ c,* 
through ft spiral tiibi luimirsed in a cislini of 
walei, having a thermoinibi inseitid mar its 
top, and another ntar its bottom, mto littk side 
orifices, ti 0 , wink* the (.ffliu iit nil lsi ip< s from 
the upright end of the tube b Hi re also a tlu r- 
mouieter bulb ma> be plated The avera,;;t in- 
dication of the two thermomiteia gi^ ts the meau 
temperature of the watei As the w jti i i vapo- 
iHtis fiom thecisiern, it is siippliid from a vishil 
placi d nlongide of it The ixpcniiient should 
he begun when the furnace has aiquirid an 
i qunhil I ty of temperature A throttle \ul\e ate selves to ngiiluiethe druight and 

to eipuilise It in the difleient expirinients bv meins of the teinpf ratine of tin efiliunt 
air When thi witir liis been heated the giien numlier of degrees, which should be 
the same n the elifleient expennieutb, the Are may he e xtitiguished, the reiiiaming fuel 
weighed, and compand with the oiiginal quantity ( art should be taken to make the 
combustion as yivid and fi e e from smoke as possible 

'I he following (aloninetcr, founded upon the same pnnciple as that of Count Hum* 
ford, but with cert iin improve nients, maybe consult red as m equally cornet instru- 
iiieiit tor me muring heat with an> of the piecedmg, but one of much moa* gnieral 
applieutioii, since it can dtterminc the quantity ot heat disengcigcd m combustion, as 
well as the latent heat of steam and other vapours 
It consists of a large copper bath, e,/(^ 883), capable of holding 100 gallons of 




Seals sboat } Inch Id thi fiuare fool 

water. It is trarened four times, backwards and forwards, in four different levels, 
by a aig-sag boriaontal flue or flat pipe e, nine inches broad and one deep, ending 
below in a roand pipe at c, which p a ss e s through the bottom of the cwper hath e,y, 
and reodves there mto it the top of a small black lead furnaee 6. The innenttost 
enicible contains the foei. U is snrroouded at the distance of one ineh 1^ a second 
craeiblfi, whidi is enclosed at the tame time by the sidea of the outermost fcmaee ; 


tho Btratu of staf^nant air iMitwecn the crticiblcs serving to prcTcnt the heat iVt»m hchig 
(liMitipated iitto tho atmosphere round the body of the furnace. A pipe n, from a pair 
ot cylinder doul>le hello^tK, enters the ash-pit of the furnace at one side, and supplies 
IX steady but gentle hhisl, to carry on the con bustion, kindled at first by half an ounce 
(•f red-hot chareoid. So completely is the heat \vhieh is disengaged by the burning 
fuel ubsorlud by the water in the bath, that the air discharged at the top orifice g has 
UHiially the same temperature tis the atmosphere. 

'J’he vessel is made ot’eopper, weighing two pounds per square foot; it is 5^ feet 
long, wide, 2 deep, with a hottom R^fcct long, and 1} brood, upon an average. 
Iiieluding the zig-xag tin plate fine, and a liui of wrought iron, it weighs altogether 
Hfi pounds. Since the specifie heat of copper is to that of water as 94 to 1,000, tho 
bpecifie heat of the vessel is equal to thul of 8 pounds of water, for which, therefore, 
the exact correction is made by leaving 8 pounds of water out of the GOO or 1,000 
pounds iisi^d in each experiment. 

ill the ex|)eriinents made with former calorimeters of this kind, the combustion was 
mainraiiie<l by the current or draft of a chimney open at bottom, which carried ofif at 
the top orifice of the fine a variable quantity ol heat, very dilheult to estimate. 

\\ h(‘U the object is to determine the latent heat of steam and other vapours, they 
may he introduced through u tube into the top orifice^, the latent heat being deducid 
from the elevation of teiniKn'ature in the water of the bath, and the volume of vapour 
expiiided IVoiii the <|naiitiiy of liquid diseliarged into a measure ghiss from the bottom 
out let c. In this cast*, the iiiriinee is of course removed. 

'J'he heating ]»ower of tlie fuel is jiuM.siired by tlie number of degrees of temperature 
which the ccMiihusfioii of one pound of it, raises GOO or 1,000 ])oiiiids of watei in tho 
bath, — the copper suhstance of the vesstd being taken into account. 

It must be bonu' in mind that a coal which gives off much uiiburnt carburetted hy- 
drogen giiH does not alToid so niiieh beat, since in the production of the gas a great 
deal of heat is carried off in the latent stale. 

The economy of fuel, as exhibited in the celebrated pumping engines of roriiwall, 
will be dealt with under the pro|>er head. See Steam Kmuine. And in reference to 
the ordinary uses of fuel for domestic and other purposes, sec Stoves. 

Patent Fitej.. Under this name a great many attempts have been made to utilise 
va^te inuteriul. in countries where charcoal is abundant charcoal dust mixed with 
] itch has been employed, and attempts have been made to utilise the immense (juuntities 
of saw-dust produced in the north of Kurope, by mixing it with clay and tar. Passing 
over the h<>\cral kinds of artificial fuel wliieb have been mode on the continent, the 
productions of this ehuructer made in this country must he described. 

W} lam's patent fuel is sinuU coal and pitch moulded together into bricks by pressure. 
Tlie pitch is ohluiiied by tlie distillation of coal tar from which naphtha and a peculiar 
oil are separated, leaving the pitch. 'J'his pitch is ground fine and mixed with small 
coal, and in this state it is passed, by a very ingenious application of the Archimedean 
screw, through u retort inaititained at a dull red heat, by which it is softened for 
being moulded, which is cflcctcd by a kind of briek-xiiaking machine under enormous 
}/ressure, 

Warlich's patent fuel is similar in character, but be adds a little common salt or 
alum (o prevent tlie evolution of ton much smoke, and the fuel bricks are subjected to 
a teinperatiire of 400° F. for eight hours, by which the more volatile constituents are 

drivi'ii oif. 

Wood’s fuel is prepared by mixing small coke or coal in a heated state with tor or 
]jiteh ill a eomiiioii pug-uiilh after which it is moulded in tho ordinary manner. 

Ilessenier's i^KTss consists merely in exposing coal-dust to a temperature of 600° 
F. By this (HMitnminous matter of the coal becomes softened, and the whole can be 
pressed into anrm block. 

(traiit's patent. This fuel is composed of coal-dust and coal-tar pitch ; these mate- 
riils are iiiixed together, under the influence of heat, in tho following proportions: — 
20 lbs. of pitch to 1 cwt of coal-dust, by appropriate machinery, consisting of crush- 
ii g-rollers for breaking the coal in the first instance sufficiently small so that it may 
luiss through a screen, the meshes of which do not exceed a quarter of an inch asondert 
2ndly, of mixing-pans or cylinders, heated to the temperature of 220°, either by steam 
or bleated air ; and, Srdly, of moulding machines, by which the fuel is compressed, 
under a pressure equal to five tons, into the sixe of a common brick; .the fiiel bricks 
are then whitewashed, which prevents their sticking together, either in the coal 
bunkeis or in hot climates. The advantages of these artificial fuels pver coal may be 
Slated to consist, first, in its efficacy in generating steam ; secondly, it oeoapieB less 
spare; that is to say, 600 tons of it may be stowed in an area which will oontaih only 
■itiu tons of coal; thirdly, it is used with much greater ease by the atoken or firemen 
than coat, and it creates little or no dirt or dust, cousidcratioiif of some importance 
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vlien the delicate machinery of a steam-engine is considered ; fourthly, it produoes a 
very small proportion of clinkers, and thus it is far less liable to choke and destroy 
the furnace bars and boilers than coal ; lifthly, the ignition is so complete that com- 
paratively little smoke, and only a stnaLl quantity of n^cs, are produced by it ; sixthly, 
from the mixture of the patent fiicl, and the manner of its monufaetttre, it is not liable 
to enter into spontaneous ignition. 

A great many other |>ersous have either pateiit<nl processes for the preparation of 
artificial fuel, or published suggestions. These are so nearly alike that a few of them 
only require any indicc. 

l?obbo1d agitates peat in nrater to separate the earthy matter, and then allows the 
pout to subside, aud consolidates it. 

Godwin makes brick of mud or clay with piuh or coal. 

Oram emiduys tar, coals, and mud. 

Tlill takes the residuary matter after the distillation of peat, and mixes it with pitch. 

Holland mixes lime f*r renicnt with tur tmd small cools. 

Hansome criiiciits siiiatl coal together by a solutuiii of silicate of soda. 

From the Admiralty Goal Inquiry's Ueiiort wo obtain the following analyses of 
several of I tie more important nrlificial fuels: — 


Maine of Fuel. 

Sped Ac 
Gr.iv ty of 
Fuel. 

C'.irlion. 

Hydrogen. 

Sulphur. 

Oxygen. 

Ash. 

Warlicli’s - 

I-I5 

Ill 

5*56 

1*62 


2*91 

Livingstone’s 

1-18 


4*1.3 

1*45 

2*03 

4*52 

Lyon’s 

1-ia 


4*56 

1-29 

2*07 

4*66 

hell s ... 

1M4 

87*88 

5*22 

0*71 

0*42 

4*90 

Holland and Green's - 

1*30 

70*14 

4*65 

. . 

. . 

13*73 

Wylam’s - - . 

1*10 

79*01 

5*69 

1*25 

6*63 

4*54 


The following returns of trials at Woolwich will place the question of ftiel, so 
far us coal aud patent fuel arc concerned, in the best possible view. 


lleport of Trials of Coals ai Woolwich Dockyard, between the 9th February, 1848, and 
the Slst ‘March, 1858. 


Dcacilpllon of the Pnal tried. 


Welsh Coals t — 

Abi'rciirii Hliuk VcHti • 
Abi'rtiRru Sttsim Coni 
l>ltto KoihrrRtU'i . 
Ditto Dwiifa - 
DmIwri - - • 

Biichffrove GrAlRoU - 
I Blaptidare Dig Seam - 
Ditto Merthyr 
nianngwaur Merthyr - 
Itrrinbo Main 

I Ditto S-yard VHn 

I Ditto Vain 

I Ditto Steam Coal - 

Bute Merthyr 
Camnethan . • • 

I CatT’s Merthyr - 
I Ohircoal Vein - • 

Coed Talon . - . 

Culesliill Coal . . 

Ditto BaglUt - 

Cwm Ammon 
IMtto 

Cwmfrood Roek VMn - 
BbbwVato . - • 

Ditto ■ • « 

Eltad’sVeln. . • . 



Elsecar Hard Bleaa Coal 
Kuloe Collieiy . 

Garden Colliery Coal 


S 

9 

9 
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Diarrl|Hlan dTilw Fiii'l lrl«d. 

III 

S| 


Il!f2 

1 

u 

•b 

i 

i 

f 

M 

|i 

Smoke. 


jii 

lUJJI 

|E2les 

1 

& 

1 

^0 


Gellla CHdoxtan Stram Coal 

2 

Hid 

49-97 

•OR 

5-7 

M 

Very light smoke. 

Ditto Steam Coal - . . 

2 

HM 

43-83 

•87 

6-21 

tisn 

No recerd. 

Cnlynoa , - . . . 

Gralffola Steam Coal . - - 

] 

9*02 

42T.2 

•69 

3*91 

l.uli 

Black Rtr.okc. 

a 

SH'i 

as-so 

•42 

0 69 

H-II 

No smoke. 

Ditto ditto (liand|ii<*ke(l) 

1 

H‘H4 

41-02 

•71 

6-5*2 

6*23 

No reroid. 

Gw\thcii Charcoal Vein 

1 

H 21 

47 sri 

■9'* 

44 

6-36 

Idglit smoke. 

Ditto ditto 

4 

Hoa 

4H ir> 

2-7 

3-8 

6-.SI 

No smoke. 

liittio Italth I^ociifccliy 

2 

727 

46*1.8 

•y.* 

7-43 

S:i6 

Miieh In-ht smoke. 

Jilaiicily ----- 

1 

813 

4i»‘4a 

i-uc 

6-8 

8 71) 

No record. 

Llaiigennerk ... - 

2 

b-Rl 

46-r.2 

J-36 

0-41 

H-77 

No smoke. 

Ditto (handpicked } - 

2 

H44 

44-9-2 

2 03 

.'*■7.1 

7 70 

Ditto. 

Doi'liacIIr Coal - - . . 

Alaclii'ii (tlack Vein - 

2 

7fi0 

46 00 

•1 

4-l‘> 

4 2-2 

Light smoke. 

1 

RHl 

Ml 4 1 

■2-1 

6 39 

7-Ci 

Biiiek Kinoke. 

klat'lifii Uuck Vein ... 

1 

H*32 

47-27 

1-37 

4-7K 

6 II, 

Much hlack smoke. 

Mcriliyr - . - - . 

28 

8-7« 

4ri 4-2 

1-02 

5‘.'>4 

6 M. 

Light hinoke. 

Ditto 

4 

9‘(w; 

48-17 

i-ct; 

4-66 

6 *2.’ 

j>ilto. 

Ditto Alieramon ... 

1 

8‘(» 

47 7-2 - 

1-4!) 

3 97 

6 41. 

Ditto. 

Ditto Ahordaro ... 

a 

H'/ft 

46*78 

1-61 

4-Of. 

6*07 

No M-cord. 

Ditto ditto rotliergill'a > 

42 

H-ftI 

44*7;i 

1-47 

4.53 

6 

LIglit smoke. 

Ditto Croftlleld ... 

2 

!»-37 

4.VM 


6*38 

7-6.3 

No record. 

Ditto ditto and Gadicy's 

1 

H'fili 

46 12 

■91 

7*r)3 

8 44 

Dittf>. 

Ditto (>iHniI|il('ked) 

Ditto NIxoii'i ... 

H 

r, 

H-92 

8 78 

4.VR4 

4.'>-M 

1-13 

-98 

4-8-2 

4-34 

)>*96 

6-32 

Light smoke. 

Ditto. 


1 

8-91 


61 

•67 

0-49 

7*1 

No record . 


1 

8-H7 

43-7 

6-68 

6-3.'* 

Ditto. 

Morfa Steam Coal ... 

1 

8-53 

44-03 

1*1-2 

4 63 

6*7.5 

Black smoko. 

Ditto ditto Vlvlan'i • 

2 

8-G 

44*9i 

1*3 

.5- *23 

6 .54 

Alucii black smoke. 

Novill'a Idanelly . . • . 

2 

R-RG 

47-ft9 

2-03 

6-8 

7-H3 

Light smoke. 

New Biack Vein Steam Coal 

2 

9-6G 

60*07 

■79 

8*7.5 

6-54 

Large (luantity of 







brown amoka. 


1 

8-97 

48 25 

2-21 

0-25 

B-.II 

No record. 

Bowel i'h Diiflnryn - - - - 

1 

9*08 

48-26 

1 -.35 

6 81 

H-16 

Light smoke. 

HeHoIvcn ----- 

0 

9*96 

48-1 

1-77 

6-48 

7 25 

Light brewn. 

Ditto (haiidpirked) 

1 

B'G4 

4.S*:t2 

•54 

4-3*. 

4*89 

No record. 

Ditto ditto ... 

1 

9 it 

49-79 

1 75 

4-4 

n-i.-i 

Ditto. 

Rjnca Uock Vein - - - - 

1 

8*26 

46-67 

1-87 

5-2*2 

7 09 

Ditto. 

Ilork Vein « - - - - 

2 

8f» 

4H*1| 

2-39 

.V89 

8-28 

Ditto. 

Siiiiborwen M«'rtliyr - . - 

'I'nomaH’ Merthyr - - - - 

Tillery Big Vein - - - - 

NVagnm* Merthyr- - - - 

12 

H*93 

46-!.l 

1-8, 

6- 

7-8.* 

Light smoko. 

2 

9*28 

49-99 

1*81 

4-61 

6-45 

No reroid. 

2 

8*89 

M-IK) 

1*07 

4 67 

5-64 

Ditto. 

2 

8 79 

47*2S 

l*7t 

C4‘« 

821 

Diltn. 

Wayncti’ Merthyr - • . . 

i 

8 98 

48*43 

i-7., 

5-2? 

7-0-2 

Very ligiit smoke. 

WelihCoal 

NoHIII CoirNTRY COAI-Ht ~ 

2 

933 

48*62 

1-75 

6-11 

7-92 

No record. 

Ailoa Colliery . . - . 

2 

fi'RO 

6.V07 

I -01 

6-02 

C-Oi 

Liirle black smoke. 

Atlierton Steam Coal ... 

4 

822 

48-76 

•74 

4-9.3 

5 67 

Black htiiokp. 

Barlieth and Doilar « Steam Coal 

I 

7-9* 

49-46 

-40 

4-17 

4-03 

Black, moderate 
quuntiiy. 

Light brown. 

Ditto Steam Coal - - - 

4 

8*32 

49*30 

1*29 

4 17 

6-40 

B.i(ea' llaillev - - - - 

I 

6»7I 

45-06 

2 1-2 

4 I.* 

6*24 

No rci-ord. 

Ditto Wi"«f Hartley - - - 

8 

7*7 

46-41 

1-34 

.5-23 

6-56 

filiiek smoke. 

Ileli^ide Colliery Coal - - - 

4 

8-14 

49*82 

•95 

4-6 

6 56 

Ditto . 

Bell'a rriminie - - - - 

8 

9*40 

45*67 

2-4 

0-68 

9*08 

No record. 

Bourlreehlll Coal .... 

1 

7*56 

45-96 

1-27 

4 67 

6-94 

Much smoke. 

Buddie’s llai tie? . ... 

23 

7-79 

47-98 

1*49 

4-OR 

6-.58 

D.-trk smoke. 

Ditto West linrtley 

88 

8*06 

48*84 

1-41 

4*47 

,V87 

Black smoko. 

Carr’b Hartley - - - . 

6 

8-OS 

48-03 

I-7J 

8-76 

6-47 

Ulark, large quan- 
tity. 

1 Black smoke. 

Clitekmaiinan .... 

a 

8-09 

45-39 . 

•07 

4-70 

6-43 

Ciittleliill . ... 

1 

7*72 

4-2 57 

. 

h'lA 

. 

No recoid. 

Derwentwntfr4HicIi(r« Colliery 

1 

8-27 

60-22 

1-1 

3*8 

493 

Bl.ick smoke. 

Ditto w»c Hartley 

Earsdou’s lla'tley ... 

1 

7-69 

48-23 

1-C7 

4-7-2 

639 

No record. 

8 

8-26 

50-12 

•71 

4*88 

.5-59 

Great quantity of 







block smoke. 

Garfortira Hartley ... 

2 

R*or> 

60-11 

■01 

5-76 

6-36 

Heavy smoke. 

(•artorth Steam Coal ... 

2 

M2 

40*33 

1*26 

5*6 

6-86 

Light smoke. 

G.irswcHid Bark - - - . 

1 

7-99 

61*01 

1-19 

5-29 

6-48 

No record. 

G.iivlier Hall - - - - 

2 

8*14 

42-49 

1-05 

4*11 

.VIC 

Ditto. 

Ditto Steam Coal . 

5 

7*84 

43-01 

1-25 

6-8 

7-05 

Llglit smokOi 

Gower (’oal - - - - - 

2 

7-83 

44-.1H 

•92 

.V98 

6-21 

Block smoke. 

tirey’s BrOomlllll. - - - 

Giiinsby Coal, Sheffield Railway - 

5 

8H)4 

48-87 

1-14 

6 60 

6-79 

Heovy black smoke. 

1 

7-46 

46-84 

1*69 

4-21 

.5-93 

No record. 

llaltnead Coal . . - • 

8 

7*48 

47*23 

1*24 

8-09 

4-93 

Dark smoke. 

Hartley ('oal . . « - 

a 

7*74 

46-78 

1-06 

6-77 

0*88 

No record. 

Ditto Rates* West - - • 

1 

7*89 

48*27 

•66 

7-07 

7*73 

Heavy black meke. 

Ditto Belmont. • • - 

2 

8*4 

40-3 

1*48 

8*97 

6*41 

No record. 

Ditto Budilie’s ... 

4 

7*8 

46*61 

1*16 

4-11 

6-27 

Much imoke* 

HViio dtin West - • 

17 

7-89 

48*38 

1*28 

4-09 

6-88 

Black imoke* 

liitto (.air's . . ■ .' 

16 

8'19 

46-46 

1*22 

8-93 

6 14 Dark MidiMib 

Ditto ditto West - - • 

1 

•■86 

48-5 

1* 

6*88 

1 6-8(1 

) Heavy black* 1 
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FULLING. 


FCTLCiTRATlON designotes the sudden brightening of the melted gold and silver 
ill the cupel of the assayer, when the last film of vitreous lead and copper leaves their 
surface. 

FliJXER'S KARTH. (Terre ^foulon, Argile, Smeetique, Fr ; Walkererde, Oerin.) 
Ill geology this term is applied to the clayey deposit which intervenes between the 
calcareous strata commonly known as (he Rath or Great Oolite, and the Inferim 
Oolite. A sandy argillaceous earth is met with in the upper part of the clny in 
question, to which the name Fuller's earth was given from its adaptability for fulhnq 
or cleansing cloth, when first woven, from grease and other impurities. The term 
thus limited originally to a particular stratum was subsequently applied to the entire 
formation by Dr. William Smith in his classification of the British strata, and 
has u\er since retained its place in geological nomenclature. The fuller's earth 
uhovc mentioned was formerly procured in coiiRideniblo quantities tVom the Dom ns, 
to the south of Bath, whence it was Kent to the cloth factories of Gloucestershire. 
Of late years, however, an artificial substitute has been found in a chemical prepa- 
ration, and the demand for the natural production has decreased so far, that little or 
none of it is now procured in the West of FiOgland. 'J'he fuller’s earth of Uei^te is 
found ill strata of a much more recent date than those alluded to above, and furiiis a 
part of the Lower Greensand. — Sec Greensand. 

From Rcigate 1 2,000 tons of dried fuller’s earth arc raised annually. There are 
two varieties, called the blue and yellow ; their analyses are respectively — 


Alumina - 





Blue. 

- 18 

Yellow. 

11 

Silica 




- 

- 42 

44 

Lime 




- 

- 4 

6 

l^iagnesia - 




- 

. 2 

2 

Oxide of Iron - 




- 

- fi 

10 

Soda 




- 

- 5 

5 


The other places from which fuller's earth has been obtained, are — Penenden 
TTeath, Maidstone, Frome, Lonsdale, Coombe Hay, English Coombe, and Duncorn 
llill in Gloucestershire, and at one locality in Bedfordshire. — II. W. B. 

FULLERS’ TEAZEL. Dipsacue (Slifia, ihirht),^o called because the bases of 
the leaves arc, in many species, connate, so that they enclose a cavity which con- 
tains water ready to allay thirst. The fhllcrs* teazel is the Dipmem fuUonum ; 
the bracts of the heads are very spiny, and are much used for carding cloth. Con- 
sequently the teazel is cultivated in many parts. Many carding inncliines have been 
introduced, but the best cloth weavers still prefer the teazel for finishing their 
cloth. 

FULLING. The art of cleansing, scouring, and pressing woollen manufactures. 
The object is to render them stronger and firmer. It is called also miUing, because 
the cloths are scoured by a water mill. 

The principal parts of a fulling mill are the wheel with its trundle, which gives 
motion to the tree or spindle whose teeth communicate that motion to the stampers 
or beaters, which fall into troughs, 884 

wherein the cloth is put, w'ith the fullers' 
earth. 

William and Ogle introduced in 1825 
some new fulling machinery, designed to 
act in a similar way to the ordinary 
stocks, in which cloths are beaten, for 
the purpose oA|^hing and thickening 
them ; but thTfeindard and the bed 
the stocks are made of iron instead of 
wood, as heretofore ; and a steam vessel 
• is placed under the bed, for beating the 
cloths during the operation of fuUing, 
whereby their appearance is said to 1^ 
greatly improved. 

/’/</. 884 is a section of the fulling 
machine or stocks; a, is a cast-iron 
pillar, made hollow for the sake of 
lightness; 5, is the bed of the stocks, 
made also of iron, and polished smooth, 
the bid«^ of the stock being removed to show the interior ; c, ig the lerer that 
c.nrica the beater rf. The cloths are to be placed' on the bed 6, at bottom, and water 
allow cii lu pa^s through the stock, when by the repeated blows of the beater d,wliidh 
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is misod and lot fall iu the usual '«ray, the cloths are beaten, and become cleansed 
and fulled. 

A pail of the bed at ( in made hollow, for the purpose of fonning a steam box, into 
which steam from a boiler is introduci-d by n pipe with a m >p-cock. This steam 
heats the bed of the stork, and greatly facilitates, as well as luijmves, tht* process of 
cleansiug and fulling the cloths. 

The smoothness of the surface of the ]H)liahei* metal, of which the bed of the stock 
is constituted, is said to bo very mueh prefernbh to the roughneas of the surface of 
wood of w hieb ordinary fulling stocks arc made, as hy these iron stocks less of the nap 
or felt of the cloth is removed, and its appmrance when finished is lery much superior 
to cloths fulled in ordinary (Hocks. 

In the operation of fulhng, the cloths arc tniii' d over on the binl hy the falling of 
the beaters, but this tnnung o«lm' of the cloths will depend in a great measure upon 
the form of the front or breuat of the block. In these ini pi oved stocks, therefore, 
there is a contnvnnce h> which the form of the front may be varied at ph'asure, iu 
order to suit cloths of liitferent qualiticH ; y, is a movable iMivM*d plate, constituting 
the firont (d the stock ; its lower part is a eyiindr eul rod, cxh'iiding along the eiitin* 
width of tie hid, and being lilted into u recess, forms a hinge joint upon whieh the 
< urved moves ; g, is a riKl attached to the back of the curved plate J\ with a 
screw thread upon it ; this rod pusses thnmgli a nut A, and hy turning this nut, the rod is 
moved haekward or forward, and eonsequeutly. the position of the curved plate altered. 

I'iie mil /(, is a whe(‘l with teeth, faking into two other similar tootlied wheels, one 
on each sidi* of it, whieh are likew ise the nuts of similar rods jointed to the back of 
the curved plate / ; by turning the central whwl, therefore, whieh may be done by a 
w inch, the other two wheels arc turned also, and the curved plate moved backward or 
fiu ward. At the upper part of the plate there are pins passing through curved slots, 
which act os guides when the plate is moved. 

VllLMINATlNd MERniRY, CN‘^llg^O*+ Ag. (dried at 2120). The well 
know'll eonipnund used for priming percussion caps. It was analysed many years 
ago by Liebigs ami subsequeutly, by Gay-Lussac. Although chemists have long heeu 
acquainted with the true composition of fulminic ncid, and the formula of fulmin- 
ating mercury has also been rendered almost ceHain, no accurate analysis of the 
latter compound was made public until 1855, when M. Schischkoff jiuhlished liis cele- 
brated paper on the fulminates. It is singular that Liebig and Schischkoff were 
iiidepeiidently engaged at the humo time in investigating the products of dcconqiosition 
cf the fulminates. The lorimila of fulminic acid, and also that of fulminating mereur} , 
had been deduced from the very accurate analysis of fulminating silver made by Gay- 
Lussac and Liebig. A great number of processes for the preparation of fulniiimtiiig 
mercury have been published. The following are the best as regards economy and 
ccrlaiiity. 

1. One part of mercury is to be dissolved in 10 parts of nitric acid, sp. gr. 1*4, and 
the solution at a temperature of 130^ F. is to be poured Into 8*3 parts of alcohol, sp. gr. 
0*«30. — 7?r. Uie. 

2. One part of iiiercut ^ is to be dissolved in 1 2 parts of nitric ncid, of sp gr. I *3. To 
the solution (as soon as it has cooled to 55^ F.), 8 parts of alcohol, sp. gr. 0*837, are to 
be added ; the vessel eontuiiuiig the mixture is to be heated in boiling water until 
thick white fumes begin to form. The whole is then si^t in a cool place to deposit the 
crystals of fulminate. Cirmuhroli. 

3. One part of incrcur} is to In: dissolved in 12 parts of nitric acid, sp. gr. 1*340 to 
1*345, in a flask capable of bolding 18 times the quantity of fluid used. When the 
metal is dissolved, the solution is decanted into a second vessel containing 5*7 parts of 
alcohol, of 90° to 92° {TiaUts), then immediately poured hack into the first vessel, and 
agitated to promote absorption of the nitrous acid. In five to ten tninutes gas hubbies 
begin to rise, and there is formed at the bottom of the vessid a strongly refracting, 
specifically heavier liquid, which must be mixed with the rest hy gentle agitation. A 
moment then arrives when the liquid becomes black from separation of metallic 
mercury, and an extremely violent action is set up, with evolntion of a thick white 
vapour, and traces of nitrous acid; this action must be moderated by gradually pour- 
ing in 5*7 parts more of the same alcohol. The blackening then immediately dis- 
appears, and crystals of fulminating mercury begin to separate. When the fluid has 
bNome cold, all the fulminating mercury is found at the bottom. By this method 
not a trace of mercury remains in solution.— Xie5i(/. 

The fulminate in all these processes is to be collected on filters, wasl^d with dis^ 
tilled water, and dried. The violent reaction which takes place when the solution of 
mercury reacts on the alcohol is easential to the success of the operation. 
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^ith ri'gard to the economy of tho above methods, it has been found tliat 1 part 
of incrciiiy yields the follo^viiig proportions of fuliuiaate: — 

let process l-.'jo 

and „ I -is 

3rd „ ]*5'J 

C. G. W. 

FULMINATING SILVKR, r'Ag’N*(K This snit corrcipondH in constitution to 
the fulminate of mercury : it iimv also be prepared by analogous processes, meiely 
substituting silver tor mercury. Ihoimtaium, —1. 1 part of silver is to he dissolved in 
a-i parts of nitric acid, sp gr. ]*'>. ]tre\iouvly mixed with an equal weight of water. 
To the solution is to be added alcohol equal in weight to nitric acid. Produce^ {‘ft 
parts of fulminating silver. 2. I part of silver is to be dissolved in 20 parts of nitric 
Hc*id, sp. gr. 1*38. To the solution is to be lulded 27 parts of alcohol, sp. gr. 0*832. 
'I'he mixture is to he heated to boiling, and, u*; soon as it shows signs of becoming 
turbid, it is to be removed from the fiie, and a quantity of alcohol, equal in weight to 
the first, is to be poured in. The liquid is now to he allowed to hi come perfectly cold, 
when the fulminate will be found at the bottom ot the vessel. Ptotluce, equal to the 
silver em]doyed. .3. 1 part of silver is to he dissoUed in ten times its weight of nitiie 
ucid, sp. gr. 1'3G. To the solution is to be added 20 parts of alcohol, sp. gr 0 83. 
'J'he mixture is to be treated as in the second mode of prepaiation, except that no 
more alcohol is to be added. The prodm e should be in fine crystals. Whiehever 
mode of preparation be selc'cted, It is absolutely necessary, in older to avoid fearful 
ttocidonts, that the following precautions be attended to. The luaUcrs or flasks em- 
ploycal must be two or three time** larger ihon is required to hold the ingredients, for 
if, owing to frothirfg or boiling over, any of the fluid happened to find its way to the 
outside, and dry there, an explosion might cusue. Care must also be taken that the 
liighly inflammable vapours given off during the preparation do not come near any 
flame. The salt, when formed, must be receded on a filter, and well washed w iih cold 
water. It is safer to dry it spontaDeoasly» or over oil of vitriol, for although it will 
endure aheut above that of boiling water Doforo exploding, yet when wiu in, the slightest 
touch with a hard suhstarice is often sufficient to cause a terrible detonation. A spatula 
of pasteboard or very thiu wood should be employed to transfer it into its receptacle, 
h'liliuinatmg silver should not be kept in glass vessels, for fear of the salt finding its 
way between the cork or stopper, the slightest movement with a view of opening tho 
vessel, being then sufficient to cause an accident. Small paper boxes are the safest to 
ke» it in. 

Fulminating silver gives a more violent detonation than the corresponding mercuriol 
compound. The presence of roughness or granular particles on tho substances w ith 
which it may be in contact, assists greatly in caiming it to explode. 

Althoa||h giving so violent an cxplmiion when alone, it may he hnmt without 
danger when mixed with a large excess of oxide of copper, as in the ordinary piocess 
of organic analysis It then gives off a mixture of two volumes of carbonic acid, and 
one volume of nitrogen. Gay*Liissac and Liebig made an analysis of the salt in this 
manner, with the annexed results : — 


PspoHinont. 
Carbon - • - 

- 7*9 

C« 

r ilriilatlon. 

> 24 

- 8*0 

Nitrogen - - - 

- 9-2 

N* 

- 28 

- 9*3 

Silver - . - 

- 72*2 

Ag» - 

- 216 

- 72*0 

Oxygen - . . 

- 10-7 

0» 

- 32 

- 10-7 


100*0 


300 

1000 

c. o. w. 


FULMINIC ACID, C’N-H^O^ The acid contained in fulminating mercury; it 
does nor appear to exist in a free state. 

FUMIGATION is the employment of fumes or vapours to purify articles of ap- 
parel, and goods or apartments supposed to be imbued with some infectious or con- 
tagious poison or fumes. The vapours of vinegar, the fbmes of burning Bolphur, 
explosion of gunpowder, have been long prescribed and practised, but they have in 
all probability little or no efficacy. The diffusion of such powerful agents as chlorine 
gas, muriatic acid gas, or nitric acid vapour, should alone be trusted to for the 
destruction of morbific effluvia. See Disinfectants. 

FUMITORY. A bitter herb, Fumaria officinalis. It grows abundantly in this 
country, and was at one time used in medicine. The name is derived from ue Latin 
word /umus, smoke, on account of its smoke-like smell. The French call It 
jumsterrei whence our name fumitory. 
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Fr NCiI. One of the orders into 'which the JtalltMa ue divided, comprehending 
the mushrooms. 'J'lic fuugi aiv cellular plants, which generally appear in the form 
of a more or less round«*d thallM supimrted ttpon a stalk, and with eporee or leede on 
the inidiT surface or gills, or, an it is culled, the /lyfiirniitm. Upwurde of 4,000 cpeoice 
of fungi have h4*eu enniiieruti'd by botanists. I'hc common muahroom, the Aarhus 
Cfimp<stni>, is used in this country as an iirtielc of food, and the souee celled Ketchup 
or ('atsup lb made trom it. The fuiry-ring mubUroom^ Agtirii*itt pratffiiitf la also au 
i^iblc plant, and is used fur ini\iiiu with rieh siiuiea. 'I'he trume, TSiintr eibariunt, 
ib iilbo a muhbrodin. The commercial value of thia fhngus ie very great. Heyond 
these tliofc are none of the fungi which have any practical uses in this country. 
M.iny of the snudler fungi nn* im st distructivi in their nature. Recently ftingiw 
toi Illations huAe be«‘n doti'cit d in our cotton gotKis sent to India, and the result has 
bi'Cn most herioits to our ti ule in these goods. 

J'Tl R. {Foh/ t wfc, Fr. ; Pt Iz, Germ.) Fur may be strictly distinguished ns the short 
fine soft hair of eortniii aiom.dK. growing thick on the skin, and distinguished from the 
hair, which is longer and coarser. The term is, however, used wimetimes very loosely, 
nnd iucluiK those bkins wliu h are covered with huvr. Fur is one of the most perfect 
iKui-condiK of licut. and coiiseipiently we find the animals of the colder regions of 
the earth elotliiMi wuli this subHluiice, aud hence man has adopted it as the wunnest 
of clothing. 

To tlie admirable report made by Messrs. J. A. Niebolay and James B. Bcvui^n, on 
tbe furs of the flrinit fcxhibition, we arc mainly indebted for the following particulars. 

Tbk UrshiAN Saum' i^Munltda zihellma). lu the ndgn of Henry Vlll., by a law 
to regulate tht' expenses of difTi rent eJiibses, and to difttinguish them by peculiarity of 
costume, tlie iise of sable wub confined to the nobility above the rank of viscount. It 
IS Kiated thiit ‘..i.ddO .kins are annitully collected in the Hussian territories. The fur 
is brown, w ith home grey spots on the iiead ; the darker varieties are the most valualile, 
a single skin of a fine dark colour being sold fur as much as nine pounds, though the 
average value does not exceed two or three. The ilusbtan sable is sometimes oun* 
founded with the Iludsou’s liny sable, hut to the furrier the former is easily dis- 
tinguishahle from tlie lengtii and fullness, ns well as the darker colour, of the fur. 

llunhONH II lY Si nr i. (Mustela Canadenhts). As the natural colour of this skin is 
much lighter than tiie prevailing taste, it is the practice to dye many of them a 
darker colour, and the furs thus treated, are bcareely inferior to the Hnssian or true 
s.ible. Not less than 120,001) bkiiis are annmlly imported into this country. 

PiNR Mari'cn or Baum (^MuMtdu abictmn) 'J'he animals producing this skin ere 
found ill extcMisive forests in the north of Europe. Thu skins are distinguished from 
the btonc martin by the yellow colour of ihe throne. These skins are d}ed to imitate 
real sable. 

Stonjs Marten (Musteh saxorum). This is frequently called French sable, from 
the fact that the French furriers excel in dyeing this skin. The stone marten is dis- 
tributed through most European countries. The under fur is a bluish white, with the 
top hairs a dark brown, the throat being generally a pure white, by which it is 
distinguibhed. 

Fisher. These bkins are larger than the sables, and the fur is longer and fuller | 
about 1 1,000 of these skins nio annually brought from America. The tail, whicli is 
long, round, and gradually tapering to a point, was formerly used os the common 
ornament hi a national cap worn by tbe Jew merchants of Poland. 

Mink iMuatela vmn). There were 245,000 skins of this little animal brought to 
this country in 1850. The fur resembles sable in colour, but is considerably shorter 
and more glossy. 

Ermine {Mmtda ^rmima). This animal is similar in form and habit to the 
common weasel of this country, but in Siberia, Russia, and Norway, (Vom whence the 
skins art* imfiortod; the little auinial during winter becomes as white as the snowy 
regions it inhabits, and is esteemed the whitest fur known, though in summer its 
dress is a dingy brown. The tail of the skin, of which the lower half is jet black is 
usually introduced as an ornament to the purely white fur. In Edward lll.*8 reign, 
the use of eriutne was restricted to the royal fiimily. 

Fitch or Polecat {Muatela patoriua), produced thronghont Europe, and in our 
own country. This animal has a soft black fhr wiUi a rich yellow ground. The 
natural smell of this fur is unpleasant and dilBcult to overcome. 

North Auebican Skunk (ATepAths Americana). These skins are imported by 
the Hudson’s Bay Company. The animal from which it is obtained is olim to the 
polecat of Europe. The fur is a soft black, with two white stripes running from the 
head to the tail This fur is not much used in this country. 

Kounskt (Jfutteia Siberica). The Tartar sable, which is of a bright yellow 
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colfiiir. It if) somctiincs used in its natural state, but is more frcque. lly dyed brown 
to iiMitiite other sable, to whieli it bears a strong; tvseinblaiice. ll is remarkable for 
file iiiiitbnnity of its eoloitr, having no spot or ilillereiice of shade in any part of the 
body. 'J'he tail which is of the same colour, is exclusively ust.'d for the best artist's 
jteiieils. 

Mitsk Rat or MusoiTAsn (/’//mt zihvUiicus\ an inhabitant of the swamps and 
r vers of America. About n million skins are brought to this couutry annually. 
'J'he fur resunihles that of the henvcr, and was used hy hat manufacturers. The sUiiib 
ure also dyed hy llie furrier, and luaiiufnetared into many cheap and uw^ful articles. 

Nutria or (iovi*ON (Mi/apoUnnu*. rot/pus). This animal is larger than, but soiiie- 
whiit siinilar to, the niuhipinsli ; it inhabits the banks of rivers in Buenos A^res and 
C'hiii. Rut few of these skm^ are now imported. 

Hamster {Crivvtus vuiifaris\ a native of fiermany, where not less than 100,000 
skins ure annually collected. It bas a ]>oor, short, and coarse far, wbicb is almost 
e.vclubive1y used for cloak linings by the Greeks. The colour of the buck isa reddiSh 
brown, the belly black, with a few light spots. 

Pr.itwiTZKY. The skin of this animal is marked like tortoise shell ; it is brought 
from the snutheru extremities of Asiatic llussia. It is chiefly used by the Hubsiaiis 
for eloak lining. 

HhAvr.ii {Castor Amrriranus). This beautiful fur is sometimes use<l for articles of 
dress. In order to prepare the skin for tbis appropriation, the coarse Imirs are re- 
moved, and tliG surface cut by n very ingenious machine, somewhat similar to that 
used in dresbiug cloth. The skin thus prepared bus a beautiful appearance, not 
unlike the costly South Sea otter, nud has the advantage of durability and lightness. 

Ottrh {Lutra t;iiA/om, Lutra Canadensis). Of the British otter about 5()U bkius 
are collected annually. 'J'he large quantity used by the Russians and Chinese is 
derived principally from North America. 

Ska Otter {Enhydra watina) The sea otter baa a very thick, soft, woolly fur, 
and is most highly prized by the Russians and Chinese, to whom most of the skins 
are exported. The animal is found in the North Pacifle from Kamtschatka to the 
Yellow Sea. on the Asiatic coasts, and from Alaska to (California on the American coasts. 

Seal t Vhnea). There are numerous varieties of these animals, which are found on 
the western coasts of these islands, and in immense numbers on the shoies of Labrador, 
Greeuland, and Newfoundland. Tlie greater portiou of the skins imported are 
tanned and enamelled with black varnish for ladies* shoes ; other descriptions are 
well adapted for fur. Before they can be used as a fur, it is necessary to remove the 
very coarse hairs which cover a beautifully fine and silky fur. By shaving the leit 
to half its natural substance, the roots of the coarse hairs are cut through, and they 
easily fall out, but the same effect is produced by the natural process of fermentation, 
which ensues when the skins are prop.Tly prepared and allowed to remain together. 
This fur is rarely used in its natural state, but is dyed a deep vuiidyke brown, when it 
has the appearance of the richest velvet 

Fox. Of foxes' skins brought to this country there are many varieties : the black 
and silver foxes ( Vidpes /u/vus, var. argentatus) from the Arctic regions arc the most 
valuable. They are purchased for the Russian market, being highly prized in that 
country. The cross and red foxes are used by the Russians, Turas, and Greeks for 
cloak linings and collars. The blue and white foxes are used in this and other 
count ries for ladies* dresses ; the white foxes ( Vutpes lagopus) are represented by arctic 
travellers as exceedingly numerous, and emigrating in troops over the firozen seas at the 
approach of the rigorous season. 

WoLVERiH^ Gu/o luscus). The glutton of old writers. The fur is generally a 
dork -brown, ^Bsing into a black in winter. 

Bkar ( Ursus). 'The skin of the black bear is usbd for military purposes, for mge 
and carriage hammer-cloths. The fur of the brown or Isabella brar (Grsiur JsabeU 
itnus) lias frequently been very fashionable in this country. 

I'hc bkius of the hare, and the rabbit, scarcely require notice. 

The Squirrei., especially the Siberian squirrel, is much sought for. It is said that 
IT), 000, 000 of these skins are annually collected in linssia, and of these, 3,000,000 are 
sent to this countiy. 

C'uiNCUiLLA {CfiincIiiUa lanigera). There are two varieties of Chinchilla, the 
produce of South America. Our chief supply is from Buenos Ayres and Arica. 
'Fhe skins from the former locality are of a silvery grey. Those from Arica are the 
darkest and best coloured skins. 

Raccoon {Pracyon tutor), this fur is used for lining coats. 
i^.AT {Felix domesticus). In HoUand, the cat is bred for its fhr j it is fed on fish ana 
carefully tended until the flir arrives at perfection. 

Ganada Lynx {Felix Canadensis), This fur is not much used in this oountryi 
hut It iH prepared and exported for the American market. 
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Fun amd Skmu imported. 





_ 

186 

1 




NttsilMr. 

CompiM 1 
real value. 1 

'Numbar. 

Canputad 
real value. 

Deer, undressed - 



1 

7S,634 |;f 11,446 L 

131,105 

£21.898 

„ tanned or dressed 



13,784 

2,756 

10,485 

2,096 

Ennine ... 



8S5<40) 

11.864 

131,296 

6,968 

Fitch - - - 



166,827 

18,501 

110,6.90 

14,351 

Fmher 



13,978 

17,715 

11,261 

16,120 

Fox. Silver - 



1.678 

12,505 

1,453 

11.682 

„ other sorts - 



76,864 

37,563 

71,141 

39,477 

Ooat, undressed « 



677.808 

74,449 

607,105 

71.»»45 

„ tanned or dressed 



1,765,1.56 

1(^2,934 

1,8 >4,251 

1C3 090 

Bear - - - - 



11.89.5 

17,402 

13,311 

21,047 

Bciivcr - - - 



148,159 

52.830 

131,028 

52,343 

('oney - - - - 



772,48? 

n,396 

538,676 

3,611 

Kid, undresbcd 



14.980 

749 

57,891 

2,897 

„ tanned or dressed - 



307,004 

85,616 

392,674 

33,166 

I^amb, undressed - 



1,845,420 

81,461 

1,38.3,669 

61,959 

„ tanned or dressed 



29,743 

2,445 

56.3:)9 

4,417 

Lynx . - . - 

Marten ... 



8,883 

3,923 

7,456 

4,398 



150,985 

116,613 

146.883 

94,100 

Musquash ... 



2,199,883 

87,776 

1,952,562 

67,243 

Nutria ... 



236,776 

8,958 

115,010 

6,487 

Otter, eotnmon • 



20,831 

12,986 

81,319 

14,461 

„ sea - - - 



378 

4,886 

641 1 

7,891 

Racoon ... 



493,206 

69,587 

639,657 1 

74,538 

Sable .... 


. 1 

2,31 1 

3,570 

2,095 

3,331 

Seal .... 


1 

■ 1 

555,334 

107,803 

342,833 

59,819 

Sheep, undressed - 



1,658,052 

153,944 

2,436.287 

184,061 

„ taoQcd or dressed 



1,435,127 

65,182 

1,503,338 

71,169 

Squirrel, or CaLibor 
ChinchiiU - 



382,699 

6,377 

359,808 

5,992 



38,500 

4,495 

60,190 

9,770 

Kolinski ... 



66,885 

11,706 

54,045 

6,871 

Wolf - - - - 



9,389 

2,539 

6,522 

3,402 


The importance of the trade in fUn and ekins will bo rendered evident fh>m the 
preceding aceoants. It would have been desirable to have separated the fiirs, strietly 
so called, ftom the skins, but this has not been found practicable with anything like 
accuracy ; the returns are therefore given under the heads ado|>tod by the Customs. 

Furs are subject to injury by several species of moths, whose instinct leads them to 
deposit their eggs at the nnits of the fine hair of animals. 

Linnttus mentions five siuM^ies that prey upon cloth and furs, of which Tinea peUi~ 
onella, T. veationella and T iapelzetla are the most destructive. No sooner is the 
worm hatched than it eats its path through the for, and continues increasingly 
destructive until it arrives at its full growth, and forms itself a silken covering, ftom 
which, in a short time, it again emerges a perfect moth. 

Another cause of the decay of fur is, the moisture to which they are fte(|aently 
exposed ; the delicate structura of the fine under fbr cannot be preserved when any 
dampness is allowed to remain in the skin. This fact is well known to the leather 
manufacturer, who, having wetted his skins, allows them to remain in a damp cellar 
for a few days, for the purpose of removing the hair, which is palled out with the 
greatest facility, after remaining only one week in a moist condition. It follows ftom 
these observations, that to preserve the furs it is necessary to keep them dry, and to 
protect them fttmi moths ; if exposed to rain or damp, they must be dried at a mode- 
rate Stance ftom tiie fire ; and when put by for the snmmer, should be combed and 
beaten with a small cane, and very carefully secured in a d^ brown paper on box, 
into which moths cannot enter. During the snmmer, tiiey should be examined onee 
a month, to be again beaten and aired, if the situation in which they have been {diced 
be at aU damp. With these precautions, the most valuable ftirs may be preeerved 
uniiuared for mai^ years. 

FURNACE. The construction of ftimaees for the more important metallnigical 
operations will be found under foe heads of the different metals, for foe aeparatkm 
or which ftom their otee they have been employed. All foe arrangementi of foe 
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Ulabt Fpbnaos, Puddling FunNACE. and IIebeating Furnace, irill be fonnd under 
Ikon. Under Uu‘ heads of Coei»KR, Tin, Lead, Silver, Zinc, &c. will be described 
tin* furnaces used in the production of those metals. ^ 

In like manner, the several kinds of furnaces employed in Glass and other nianu- 
fttCturoH requiring the npplicatitm of heat, are described in their respective places. 

There rcmiiins, therefore, only one or two very iiiKeuious foniis ot furnace, 
by Minch tfrcttt heat can he obtained, for any purpose, to be nien»ioned in this place. 

Funutce of uasuy. Tiider Assay a furnace constructed by Messrs. Anlrye and 
D'Areet is mentionwl, which pives 
some i)ceuliar facilities and ecouuiiiy 

to the process by lire. .11 II 

It had oripfinully a small pair of C'y 

bellows attached to it, for raisiiip the 

heat rai)idly to the proper vitrif‘)iiig € 

pitch. 'I’ll is is not shown in the pre- Mi/ 

vious fipuro. 

'flu* furnace is 17J inches hifih and 

7 3 inches wide, made of pottery or ^ 

fine cla\ , as rejireseiited in fty. 884</, j 

suppwtcd <m a table having a pair of I 

bellows beneath it. The laboratory is IMI 

at A, the blow jiipc of the bellows at r/, L i 

with a stop cook, and the dome is snr- ^ 

mounted by u eliinine) « o, iu whose ^ i 

lower part there is an opening with a 

sliding door for the iutrodiiotion of ^ \ 

eliarooul fuel, 'flu* furaace is formed ^ ^ H 

in three pieces; a dome, a body, and y © ®\ 

an ash pit. A pair of tongs, a stoking 

book, and cupel, are seen on the right © © y — j, U )l IfjJ 

hand; and the plan of the stoneware ^ \ ^ ^ 

grate pierced with cunicul holes and a ^ ^ _ 'zj , 

poker are seen to the left ^ “ “ T 

Fnnutreit. Gas has been cm- I 

ployed, of late, with much advantage * "j ^ 1 1 . 1. 1 1 

ft)i* heating crucibles, and many forms a ' ■ -= 

of burners have been introduced for I 

the purpose of producing such jets as I 

will yield the proi>cr quantity of gas, fl p =P -pi 

and unite it with the right proportion ”1 ^ p7 

of air, for producing the most intense T 

heat; which can be* applied in a con- | f/ ^ 

venient manner. The power of the J. ^ p ] w 

burner, of whatever kind it may / \ 

be, must bo increased by surrounding / \ 

the flame with a jacket of Are clay or f X, 

some non-conducting substance, which 

will prevent the dissipation of heat by radiation. By attending to this, a very high 
temperature may be produced with but a raiall expenditure of gas. 

Oriffin*s lUaat Gas Furnace, This is a more powerful apparatus, adapted for 
metallurgic operations, such as fusing con- 8846 

sidcrablc mflm of metal, assaying, roasting, 

&c. It coil^K of two parts: first, of a par- 
tieular form of yaa-bumer, which is supplied 
with gas at the usual pressure, and with ablest 
of common air, supplied by bellows or a blow- 
ing machine at about ten times the pressure 

at which the gas is supplied ; and secondly, ^ 

of a furnace^ which is built up in a particular 
manner, round the flame produced b^r the 
gas-bumcr and the crucible exposed to ignition, 

The object of this particular construction is to M ^ 

accumulate and eoDcentrate in a focus the heat H 

produced by the gas flame, and to make it B 

expend its entire power npop any olyect placed 

in that focus. , 

This apparatus can be made of various sises, according to the amount of work 
required it. 
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Tlio tjas-hurnrr is a c>lindri<'nl iion reteiroir sbowti in section in Jiff. 8846, which is 
drawn on a scale of one third the full aise. It contains two cham^ra, not in com* 
inuuicatiou with one another Into the upper sham her, gas is allowed to paia by the 
tube marked Gah. Into the lower chamber, air is forced by the tube marked Ain, 
The upper part of this burner is an inch thick m the metal Through this solid 
I oof hoU‘hfrom G to 26 in uuiuher arc bored for the eaeape of the gas. The number 
of holes depends, of course, upon the heating iH^cr required from the burners. 
'J'he air pahses from the lower chambtT, throng a series of mciul tubes, placed in the 
ceutre of the gas h des, and ('ontinueii to the surtHoe of the burner, m» that the gas 
and air do not miv until both have loft the gai-bnrmT, and theu a current of air is 
tilowi) thiough the middle of eatdi jet of gas. I'tie bottom of the gas-burner is 
ni ide to iiuscTca, and the diMsion between the two chsiitbcrs, which carriis the air 
tiilK‘8, is eshil} n^n ivahle lor the purpose of lieing cUaned. The Gah and Air 
pipes generally UMd in thi tnveutoiV experiments Wiic both half aii inch m the bore 
Mild ten ineheh long, the gas had usually a prestureof half an inch of water, and 
tilt blast of nil alKiiit ten times that pressure. The quantit} of gas used in nn hour 
was about MMI cubic feet. The stopcock which supplied it h.id a bore of lialf an 
iTi< h Till Kiuiid rod represented at the bottom of tli» burnei,,^;/ 8846, is intinded 
It) fit it to !• supporL 

\> hen the gas is lighted and the blast of ait is put on, the dame produced by the 
gUN-burui r is quite blue, and foee from smoke. It is two inches in Uiameter and 
three inches high, and the |MiiDt ol greatest heat is aliout two inches above the flat 
face of the gas-hiiim^i Above this steady blue flame there rises a flickering ragged 
tlunie, several inches m height, varying with the pressure of the gas. In the blue 
fl.ime, thin platinum win-s fuse readily. 

When the gas is hum mg in this manner, and the apparatus is attached to flexible 
tnht«, the bunier may be invertc*d or held sideways, without disturbing the force or 
I egularity of the flame, so that the flame may be directed into a furnace at the bottom, 
the top, or the side, as circumstances may require. 

The followi^ articles are used in building up the gas furnace for different 
experiments. Thev vary in si/e according to the volume of the crucible, or the 
weight of the metal to be heated. 

1. A circular plate of fire-clay, two inches thick, with a hole in the centre, 
<»xactly fitting the upiicr part of the gas-burner, which is made to enter into the 
hole three quaitei's of an inch. In external diameter, this clay plate agrees with 
each sixe of the furnace. 

2. A cylinder of fire-clay, of which two pieces are required to constitute the body 
of each fomacc. In the middle of each cylinder, a trial hole is made, one inch in 
diameter, to which a fire-clay stopper is adapted. 

3. A fire-clay cylinder, closed at one end, and pierced near the open end with fix 
holes of half on inch in diameter. The thickness of the clay is immaterisl. This 
cylinder is three inches in diameter. 

4. A circular plate of fire-clay, two and a half inches or three inches in diameter, 
and one inch thick. Similar pieces half an inch thick are uiefid. 

5. A cylinder of plumbag^i, to be us<m1 as a omoible support It Is three inches in 
inside diameter, one inch m height, and pierced with twdve holes of three-eighths 
of an inch bore. 

6. A similar cylinder of plumb^ two or three inohes high, pierced with twenty- 
four holes of three-eighths it an inch bore. 

7. A thin plate of plumbago, three inches in diameter, vis. of the same diameter 
as the cylinto of 5 and 6. It has a small hole in the middle, aod.being of soft 
material, the hole can be easily cut or filled to salt emoibles of any desired sise. 

To suit the larger kind of crueibles and fiimaeea, cylinders are made resembling 
the above in fonn but of greater diameter. 

As in all oases the heating power of tbe gas fhmace spreads laterally and does 
not rise vmtioally, the most advisable form of the crucibles required foruse in it, is 
n/iort and 6rW, not tall and narrow, and the supporting 
cylinders must be shaped aoeording^y. No fire-bars or 
grates must be used to support tbe emdbles in this gas fhr- 
nsce, beeauae no material fbrmed into narrow bars can suA- 
oicntly withstand its power of fiision and combustion. 

8. A plumbago cylinder, or emeible Jacket, two and a half 
inches ^b, two and a half inches in diameter, and a 
quarter of an inch thick In the walls. It has six holes of 
three-eighths of an inch diameter near one end. 

8. A eiroular cofer or dome (fia 884o) flanged at the bottom, and having a knob or 
handle at the top. It Is pierM with twenty-foor bdes of a qoarter of an ia^ In 
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(linmcter, arranged in two rows near the bottom. This dome, when of small size, Is 
made of plunibiigo ; when large, of flro*claT. 

lu. Plumbago crucibles mi^e with a solid overhanging rim, the use of which is 
tu suspend the crucibles over the gas-burner, by means of the oylinden Nos. 5 and 
b. When the crucibles are too small to fit the cylinders, the flat-plate No. 7, is flled 
to fit the crucible, and is then placed on tiic cylinder, to whose diameter it is 
adapted. 

Jlcsides these pieces of flre-clay and plumbago, it is necessary to be provided with 
n strong iron tripod, to sustain the furnace ; an iron pan, in which to place the 
furnace ; and a quantity of gravel, or rounded flints, not less than half an inch, nor 
more than one inch in diameter. These pebbles fom an essential part of the gas- 
turiiacc. 

Other forms of Clriffln’s ga& furnace will be found fully described in Watts’ 
“ Dictionary of Chemistry.” 

Mr. George Gore has patented a gas-furnace of great power and utility, which he 
thus describes: — 

Oow'g new patent gaafmnace for experimental and other purposex . — a is a cylinder 
of fiH‘*elay about nine inchcH high and six inches diameter, open at both ends, with a 
hole 111 its side near the bottom to lead into the 
cliiiniicy ; it is covered by a movable plate of fire- 
clay, n, with a hole in its centre for introduction 
or reitmval of the crucible, Ac.; this hole is closed 
by a perforated plug of clay, c, for access to the 
contents of the crucible, and that again is closed 
by another clay stopper o. k is a chimney of 
sheet iniii about five or six feet high, kept upright 
by a ring of iron, f, attached to the top of the 
furnace. The fire-clay cylinder is enclosed in a 
hheet-irun casing with a bottom of iron, to which 
fire fixed three iron legs, g. An iron tube B, with 
a prolongation i, supports by means of the screw, 

.1, the burner k, and its tube which is open at 
both ends. Gas ia supplied to the burner by means 
of the tag, H, which has a small index, H, attached 
to it for assistance in adjusting the gas. Inside 
the larger c^^linder is another fire-clay cylinder or 
cupola, o, with open ends, and with three projec- 
tions of fire-clay, p, for supporting the crucible, q; 
it is kept steady by means of three fire-clay 
marbles, h. The gas-burner is a thin metal cy- 
linder, deeply corrugated at its upper end, with 
the corrugations diminishing to nothing at its 
lower end. 

The action of this furnace is as follows : — Gas 
is admitted to the open tube, l, by the tap, x ; it 
there mixes with air to form a nearlj explosive 
mixture, which ascends through the burner, and 
burns in the clay cylinder, o, Miog supplied with the remainder of air necessary to 
complete combustion through the tube h, to the outer surface of the flame, by means 
of the spaces between the corrugations. The flame and products of combustion 
pass up through the cylinder o, and then downwards outside it to the chimney, the 
focus of gr^mx heat being at q. 

It is imp4|Ht in nsing this furnace that the burner is placed quite in the centre 
of the bottom of the tube o; also that a crucible of not too large or not too small 
dimensions be selected. The most suitable way of supporting a smidler crucible is 
by placing it in a larger one that has bad its upper parts broken off. If desirable, a 
little clay luting may be placed round the top edge of the iron casing to exclude air 
entering between it and the cylinder ; also a little thin clay luting upon the part of 
the bottom of the fhrnace where the inner cylinder, o, rests. 

In lighting the furnace, the plugs c and d are remov^, a light held imide the 
opening, and the gas turned on fhll. Should the flame blow down to the bottom of 
the tube, L, on lighting (which, however, rarely occurs unless the ihrnaee is already 
hot), the gas must be turned off, and the bottom of l momentarily closed whilst 
lighting the gas as before. Should the flame not burn down to the burner, but onlT 
burn at the (mfice in the clay plate, B, it must at once be exiingiUshed and relighted, 
otherwise some of the gaseous mixture will pfss into the chimney unbuned, and 
*]^equently ignite and caose an exploeion. A large flame now issues from the top 
orifice, and is white if too much gas is on, and ch&fly violet or red with the proper 
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quantity ; it should now be coarsely ai^iuted until these appearances are presented. 
The annular pluf;', c, should now be inserted, which will compel it to pass down- 
wards to the chimney, and as soon as the small remaining flame, now issuing, dis- 
appears or nearly disappears, as it will in a firw seconds, the smoll stopper, d, should 
also be inserted. In lieu of this, the large ilame may be detleetea against the 
chimney by means of a piece of sheet-iron unlil it withdraws inwards as before 
mentioned ; the two plugs may then he reinserti*<l The gas-tap ma} now he partly 
adjusted. The crucible should 1 m* placed in the furnace after the act of lighting the 
gas, but not immediately after if the furnace is cold, or explosions may occur by un- 
burned gaseous mixture passing the crucible into the chimney und igniting after- 
wards. After about five minutuH the gas should be hlowly adjusUd, notU a sound is 
lizard inside like a series of small explosions, 'i'his HOiUtd' is soiuamieF. uot very 
distinct, especially at high teuiperatures. and thcrefoie rt^quircs a little ex]>erienc(* in 
the use of the furnace in order to he detected. It is, however, a chief guide in 
determining the proper amount of gas, and should therefore be carefully studied, 
'i'o assist in adjusting the gas, it will be found very nuetul to place a small piece of 
hM)kiug*glai«* beneath the tube, i., and to atijust the gns tap until the flame between 
the humor ii.d crucible appears wholly violet or slightly white, but this test is 
liable to fallacy if employed when the gas is just lighted, because the coldness of the 
p.irts makes the flame much whiter than it otheruriHc should be. It is also fallacious, 
the flame appearing whiter than it really is when the crucible is very hot It is, 
however, ol gicat assistance, especially at intermediate temperatures. A rough 
deposit upon the outer edge of the crucible indicates an excess of gas ; tlie deposit is 
carbon. I^ess gas is required with a crucible in the furnace than u ithout one ; also 
less is required when the small hole at the top of the Aimace is open than whc'n it is 
closed , and less is als<* required when the furnace is cold than afler it bus been 
lighted some time, because the draught gradually increases and draws in more uir. 
After having accurately adjusted the gas, no ftirther attention to the fhrnace is 
requisite. 

Having once found the proper adjustment of gas under certain known conditions, 
it is well to notice the position of the index pointer, n, iu order to be able at once to 
adjust it to about the right point on other occations. 

Under ordinary circumstances, during daylight, I have found it best to set the pas 
nearly fully on at first, and fully on at about five minutes afterwards, when the 
draught has become more powerfhl ; but during twilight, when the supply of gas 
from the gas-works is more free, I have set the index pointer at the numbers or 3. 
The gas miould be supplied by a pipe of not less than three-eighths of an inch bore, 
with a main pipe of half an inch ; but all depends upon the pressure of gas at the 
particular locality, which is very variable. The^ consumption of gas varies from 
tliirty to forty cubic feet per hour, the value of which is about twopence. 

The top of the chimney should be placed in a position where the products of com- 
bustion can pass freely away. If it is placed in an opening or pipi, leading to 
another chimney, care must bo taken not to have the draught too powerful, otherwise 
the heat will be drawn mort* into the chimney, and the supply of gas iu the daytime 
may be found rather deficieut. The furnace will act satisfactorily, though IcbS 
powerfully, with the chimney ((.inding in an open room without any special outlet 
for the piquets of combustion, provided the fUll height (6 feet) of cbirnney is em- 
ployed. Under other circumstances 1 have generally used a chimney 4^ or 5 feet 

*^iis fUrnace will produce what is generally called « a white beat ; ” it will readily 
melt half a pound of copper, or six ounces of cast iron. I have melted these quan- 
tities in it ; it will melt as large a quantity of those suhstouces as the largest sized 
crucible that can be introduced into it will conttun, sufficient spacti being reserved 
around the crucible for draught It requires flrom twenty to thirty minutes to 
acquire its highest ieinjierature, and then the entrance part of the chimney exhibtie a 
faint red heat in daylight. If it exbihiu much more than this, the draught is too 
powerful, and if less, there is not sufficient gas. 

^hen the small hole, d, is open, some »r is drawn in that way, and less air passes 
up with the gas through the tube o, but the cold air does not much diminwh the 
temperatnre of the crncible, because it combines with the excess of gee now passing 
over the edge of the inner cylinder; it, however, n*tiders the flame ronod the 
crodble white by deficiency of air, and this should be partly corrected by lessening 
the gas. An excess of either gas or air renders t^ surface of melted copper 
dull. 

When it is dccinble to perftctly avoid contact of air with (he fused suhstaoco 
during maniplation, a narrow crucible sboold be employed, and a thin and narrow 
ting of fire-clay should be placed upon the top of the tube o, to contract its opening ; 
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tlio fliiiiip thi*n ciMPfi completely over the top of the crucible, and prevents access of 
» air ; a proper odjiistinent of gas, together with exclusion of air in this manner, 
enables a |^‘rfectly bright surface of melted copter, or even tin, to be continuously 
maintained, from which tlie images of parts above are clearly reflected. The clay- 
ring may be withdrawn by lifting the plate n. A less perfect exclusion of air may 
be obtained by employing a narrow crucible placed rather low down in its support 
A small iron dish should be placed beneath the tube l to receive any melted sub- 
stance that may fall. 'Fhe furnace is protected by letters patent, and may be obtained 
of the licensed manufacturer, E. W. Ball, 11 Islington, Birmingham. 'J’he chief 
conditions of success in the use of this furnace are student a suiiabic degree of 
draughtt and primer regulation of gas to air. 

Several very ingenious furnacts for use in the laboratory or assay oflllcc are fully 
described in Watts’ “ Dictionary of ("hemistry,” 

FUR SKIN DRESSING. Fur-skins arc usually dressed by placing them in their 
dried state in closed tubs with a little sal! butter, where they undergo n ti*eading 
operation with men’s feet until they are sufficiently soft, and bend easily. The skins 
it large arc sewn up, the fur being turned inwards ; but if small skins, such as ermine, 
are dressed, they require no sewing. This M'wing is preparatory to the greusiiig 
w ith blitter or lard, and is intended to protect the fur from the greasci and to promote 
the softening in the suceoeding treading operation. The skins are next wetted, and 
their flesh is riMnoyed ; or they are fleshed. Sec Citrrvinq. 'J’hey arc again sub- 
jected to treading in tubs containing sawdust, that from mahogany being preferred *, 
and afterwards in tubs containing piaster of Paris, or whitening, sprinkled between 
the skins. The main object of this is to remove the grease which has been used in 
the previous processes. 'J'hey are then beaten witli a stick, and combed ; when the 
dressing is completed. M. Pierre Thirion proposed to soften the skins, not by tread- 
ing, but by beating stocks, of a construction like the fulling mill. They arc next 
sewn lip, and again filled in a strong vessel, where they are forced upwards by the 
beaters, turned over and over, and thus speedily softened. They are now fleshed, and 
then returned to the beating stocks, and mahogany or other sawdust is sprinkled upon 
the fur, before the beating is renewed. The} arc next placed in a heated barrel, 
turnislied within with radial pins for turning the goods over and over, in order that 
they may be acted upon by various dry substances, which are thrown into the torrel, 
and absorb the fat ftom the skins. Through the hollow shaft of the barrel steam is 
introduced, which heats the skins, softening the fat, which is then absorbed by sand, 
flour, or any other desiccative powder. It is proper to take the skins out of the 
barrel IVom time to time, to comb tbem. Such as have been sufficiently acted upon 
may then be set aside. They are lastly freed from the dust by being subjected to a 
grated cylinder in a sti^ of rotation, and then combed by hand. 

FIJSLL OIL. During the rectification of com or grape spirits there is always 
separated a fici*y fintid oil of nauseous odour and taste. It is this substance which is 
the cause of the unpleasant effects which are produced upon most persons by even a 
small quantity of insnflk'iently rectified whiskey or brandy. Any spirit which pro- 
duces milkiness on the addition of four or five times its volume of water may be sus- 
pected to contain it. By repeated rectification every trace may be removed. 

Fusel oil invariably consists of one or more homologucs of the vinic alcohol (C^HH)*), 
mixed with variable quantities of the latter substance and water. The nature of ftisel 
oil vanes much with the source from whence it is obtained. That which is ordinarily 
sold in this country for the purpose of yielding pear essence consists mainly of the 
amyhe alcohol (0“H'*0»), mixed with from one-fourth to one-fifth of spirit of wine. 

The progrejiipf organic chemistry has been greatly assisted by the researches which 
have been nlH upon fusel oil, almost all the amylic compounds hitherto obtained 
having been directly or indirectly obtained from it 

• Z? ^ purity it is necessary, in the first place, to rectify 

It fractionally. By this means it will be found that much alcohol can be removed at 
once. If a ^at (jnaptity of water and very little vinic alcohol be present, the simplest 
mode of purification is to shake it with water, by which means common alcohol is 
removed in solution, while the amylic alcohol, owing to its comparative insolnbility, 
may be pasily separated by the tap-ftmncl. After drying over chloride of calcium, it 
18 to he again rectified once or twice, only that portion diatilling at about 269*6® Fabr. 
(1320 (jent) being received. The product of this operation is pure amylic alcohol, 

which an immense number of derivations of the amylic series con be obtained, 
y tivatn^nt with sulphuric scid and bichromate of potash it is converted into vale- 
rianic acid. In this manner all the valerianic acid, now so much emnloved in medi- 
wnLb !r**5I*?* ^«MMng amvlie alcohol with snlphurie acid and acetate of 

ne foreign ftasel oils obtained from the grape maro eontain Vvernl homdcgiwi 
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higher and lower in the series than tlie amylic alcohol. In faet, it would appear that 
during the fermentation of grapes there are formed, not only alcohols, but ethers and 
acids. 

M. Chancel, by repo«*it'>dly rectify' ing the dehydrated and more rolatile portions of 
the residues of the distillutiori of gia|)<* mare alcohol, succeeded in isolating a fluid 
boiling at 20.')° Fulir. This proved to ho pure pp*t'ionic alcohol, l^f. Wiirta has also 
been able to obtaiu the but) lie alcohol h\ rectify i.ig certain specimenF of potato oil. 

A ll fusel oils an- iiot so complex The author ol this article has repeatedly examined 
specimens of Ihiglisli and Hootch fusel oil, which did not contain anything save the 
ethylic andaniylie alcohols, accump'inied by sinai! portions o^ the acids, wliicb arc 
pr tciirti'l by their o\idutioii, M. Thanecl has gi\*ii the foll«*wii|g equations, «hicli 
explain the manner in winch saccharine matters break up ii.io homologous uleoliols 
under the infliuuee of feriucnts. 1 have reduced tlu umtary notation en)|doyed by 
him into th<- ordinary iormiilic used in this countiy, in order to render the relations 
us clear aa possible to the n-ader. 

2C*nVHV- = 8CO* + 4C‘*U*0 . 


2C'*Ii“0« - 8CO^ 4 + 2r*ll“0'* + 2110. 




Propionic alcohol. 
8(’0* + 2(«H'W 4 4110. 


Butylic alcohol. 

2C'-*11'’0' ’ - SCO* 4 C«H>0* + C'*II'*0* + 4110. 


Amylic alcohol. 

M. ('hancel np|>car« to consider the last equation as indicating the necessity of pro* 
pioiiic alcohol being always formed wherever amylic alcohol is generated; but this is 
not in accordanec with the results of those chemists who have examined crude amylic 
alcohol repeatedly for propionic alcohol, but without finding any. The formation of 
these interesting honiologues appears therefore to depend upon special circumstances 
connected with the fermentation. 

The caproic alcohol is also contained in certain varieties of fusel olL 

In order to assist those who may wish to examine the fluid alluded to, the following 
table of the physical properties of the alcohols up aa high as the caproic has beeu 
inserted ; — 

TaAle qfihe Physical Properties of some Homologoua AlcohoU found in /We/ Oita, 



Propionic 

Butyllo 

Ainyllo 

Caproic 






Vafioitf DsiMlly. 


mm 



Ksimlmanli, 

CaKwlMlaii. 

Dumsa and Pclif^ot 
Ciay-Luiitac - 
Chancel 

Wiirti • - . 

C'JH‘()9 

(mhc(M 

1520 

I7!l° 

aav> 

2340 

0'7a«0 at cso 
0-71138 at COO 

M20 

1 -hia 

8 020 

1*1072 

1-6616 

20760 

9 sand 

Balard and Dumas 
Fagct - - - 


VttP 

804P 

0-fllS4at A90 

0 S»SO at 320 

J-147’ 

3 630 



Fusel oil, in addition to these homologous alcohols, contains soreral fktty acids 
The following list contains the acids found in fusel oil, with the name of the observer. 


Name of Acid. 

Fonanlo. 

Obsorver. 

Formic - - - - 

C*H*0* 

Weth.Till 

Acetic - - * - 

C4I*0* 

Kent ' 

Valerianic - - - 


Kent 

Caproic - - - - 


Wetherttt 

(Enaothylie - - - 


Mulder, Wetberill 

Capr^lic - - - 

C»*H**0« 

Wetherill 

Caprio - - - - 

C»H«0* 

Bowney 

Margarie . - . 


Kolbe 
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KuRel oil has been patented as a solvent for quinine, but its odour, and more espi*- 
that produced by its oxidation, so persistently adheres to anything with which 
*t h.ui been in contact, that great care is requisite iu the purification. It is remark- 
iihle that at the first instant of smelling most specimens of fusel oil, the odour is not 
unpleasant, but in a very few seconds it becomes exceedingly repulsive, and ]>rovokeH 
coughing. — C. G. W. 

FUSE. Gunpowder, or some explosive agent placed in a case or tube, to fire 
the powder placed in the cannon, or in the hole bored in rocks for blasting. See 
Eluotricity, Blasting nr, for a description of Abel’s fuses. See also Safety 
rusB. 

FUSEES. A name given to a kind of lucifer-match which docs not fame ; this 
iiiateh is used exclusively by the smokers of tobacco. Bode of Vienna introduced 
tlieiii. A granule of powder, made of the same composition as the ordinary lucifer 
match, is placed at the end of u mutch, aud a mixture of charcoal and nitrate of 
jKitash surrounds it. 'J'be granule of powder is ignited by friction, and this fires tlie 
other mixture. 

FUSIUILITY. That property by which solids assume the* fluid state under the 
inilucnce of heat. With n few exceptions, such a» carbon and some organic bodies, 
all substances appear capable of assniniug the fluid state. Although we do not 
appear to have actually fused charcoal by iiu*ans of the voltaic batWry, the 
iliaiiumd lias been fused and converted from a crystalline gem into a mass of opaque 
coke. 

'J'heuard lias thus grouped the metals;— 

1. Fusible below a red heat: — Mercury^ pottutsiutn^ sodium, tiriy bismuth, had, tellu- 
rium, arsenu'y zinc, antinumt/, cadmium, 

2. Infusible belovv a red heat:-- Silver, co^ipcr, gold, cuhalt, iron, manganese, nickel, 
palladium, molybdenum, uranium, tungsten, chromium, titanium, cerium, osmium, iridium, 
thodium, platinum, columhium. 

Pouillot has, in his admirable treatise on heat, given the following table of the 
fusing points of various substances 


Names. . 

Mercury - - - - 

Oil of turpeulinc - - - 

Ice 

Tallow - - - - 

Acetic acid - - - 

Spermaceti - - - - 

Stearine - - - - 

Morgaric acid 

Unbleached wax . . • 

White wax - - - - 

Etearic acid ... 
Phosphorus ... 
Potassium - . • . 

Sodium .... 
Iodine - - - - 

Sulphur .... 

Tiu 

Bismuth . . . • 

Lead 

Zinc - . 

Antimonji^T 

Bronze .... 
Silver, very pure 
Standard gold ... 
Ver^ fine gold ... 
White cast iron, very fusible 
White cast iron, second flision 
Grey bast iron, very fusible - 
Grey cast iron, second foiion 
Manganesed east iron - 
The more flisible steels 
The less fusible steels • 

Soft iron (French) 

English hammered iron - 


Centigrade. 

—39 

—10 

0 

S3 to 38 

45 

49 

49 to 43 
55 to GO 
61 
68 
70 
43 
58 
90 
107 
114 
230 
202 
320 
360 
432 

goo 
lOOO 
1180 
1250 
1050 
1200 
1100 
1200 
1250 
1300 
1400 
1500 
1600 . 
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FIISIHLE METAL Sts* Alloy. 

'J'his alloy owes its peculiar property of melting at a comparatiTely low tempo- 
rature to the presence of bismuth. 


* 8 parts of bismuth, of lead. A of tin - molt at n i F. 

!2 do. 1 do I do. - do. 

5 do. 3 da 2 do - do. F. 

6 do. r> dih 4 of tin, and I of t) metal is an alloy 

much used on the continent for producing easts of metals by the iltchie process. 
A mixture of bismuth, lead, tin, and antimony is used in this country for ob- 
taining copies from wood blocks. Mr. Cowper used I of bismuth and 2 of tin 
to make the alloy most suitable for rose engine md eoeentric turned pattern, 
to be printed from after the manner of letter press- A gbod fusible alloy con- 
sists of— cadmium 2 parts, bismuth 8 parta, tin 2 parts, lead 4 parts, melts at 
1 f 0"' F, 

I'he soft solders used by ])ewtorers consist of tin, lead, and bismuth in various 
proportions ; imlied, bismuth enters to a greater or a less exteui iuto all the soft 


i nsiblc tn(‘t.il liiui also been employed as a sort of safety valve for steam boilers. 
1i\ u\jusling the proportions of the above uaiued metals, an alloy can be made whtcb 
w ill melt at any required temperature ; therefore, when the boiler rose to this tern* 
ocrntiirc, the metal plug gave way and the steam escaped. 

F US n AN, is a species of coarse thick tweeled cotton, and is generally dyed of an 
olive, leaden, or other dark colour. Ileaides the common fustian, which is known by 
the name of pillow (probably ]ulaw), the cotton stuffs called corduro>, ve’.vcrct, vel- 
^cliL‘n, thicksc't, used for iiicu's wearing apparel, belong to the same fabric. The 
eouiinonest kind is merclj a tweel of four, or Bometitues fl\c leavea, of a very close 
stout tcxturi, and very narrow, seldom exceeding 17 or 18 inches iu breadth. It is 
cut from the loom in half pieces, or ends as they are usually termed, about 85 yards 
long, and after undergoing the subsequent operations of dyeing, dressing, and folding, 
iv n^aily for the market 

The draught and cording of common fustian is very simple, being generally a re- 
gular or unbroken tweel oi four or five leaves. Below are examples of a few diflcrcnt 
kinds, selected from those most general in Lancashire. 

The number of leaves of heddles arc repjrcscnted by the lines across the paper, and 
the curding by the ciphers in the little squares, those wliich raise every leaf being 
fimtinguished by these marks, and those which sink them left blauk, as more particu- 
larly explained in the article Textile Fabric. 

When the material is silk, it is called velvet, when cotton, velveteen. A common 
tweeled cloth, when composed of silk is called satm ; when of cotton, fustian or jean ; 
of woollen, plaiding, serge, or kerseymere. 


No. 1 Pillow Fustian. Na 2.— Plain Vclveret 



Of the above, each contains four leaves of heddlea or healds ; that represented by 
Na 1 is wrought by four treddles, and thatVhicb is distinguished by No. 2, by five ; 
the succession of inserting the threads of w^ into the heddles wilt he discovered by 
the figures between the lines, and the order in which the treddles are to be successively 
pressed down by the figures below. 

Na 3 — Double Jean. No. 4.— Plata Thicksett 



1 4 6 s a 1 


5 7 

These, like the former, are wrought with leaves. No. 8 requires four, and No. 4 
five treddles. The suocession of iueiting the threads of warp, and of working the 
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treddics, arc marked by the resj^etiTe nnmbers between and under the linea, as in the 
former example. Both are fabrics of cloth in very general use and estimation as low 
priced articles. 


No. 5.— Best Thicksett. No. 6. — Velvet Tuft. 



1 JO) 1 1 1 • JTT" 


HHHH HHHiiUBHHHdHHiHHiHK 


1 lofrti 1 1 

4 2 


|0| 1 |0|0| 4 9 

mmmuMammwmmmmmmmmm 

EZ 

N JMMO— — — 

6 :i 1 


s 


These are further specimens of what may be, and is, executed with four leaves, and 
in both examples five treddles are used. With two other specimens we shall conclude 
onr examples of this description of work, and shall then add a very few specimens of 
the more extensive kinds. 


No. 7.— Cord and Velverct. No. 8. — Thicksett Cord. 


1 |0| 

Mil 31 a 1 fi 

|01 1 |0|0| 

6 a 1 

1 jOI 

10 1 1 1 6 7 S i 

1 ion 1 1 

4 2 

nrn 


1 1 1 1 1 1 

9 7 

1 1 1 

MOM 48 6 4 i 

I imoi i 1 

10 8 (» 

4 

8 

2 3 I 

6 

6 4 s a 1 



In these the succession of drawing and working arc marked like the former. I'he 
next are examples of pattenis wrought with six leaves. No. 9 has eight, and No. 10 
five heddles. 

No. 9. — Double Corduroy. No. 10. — Genoa Thicksett. 



1 9 

1 m 

llllll— 


1 |0| 

110 M 

2 9 

1 1 10 

10 1 

2 

1 0 1 (1 1 (1 

0 1 0 1 1 1 

3 « 

muMBa 

OHHHi 

HHHHaJHIHHHB 

1 1 1 

01 |0 1 1 

4 9 

1 MM 

mmn 

4 

1 |0| 

LI «l_l„ 

ft 9 

I'M l« 

1 MM 

h 

1 10 1 

o| 1 1 1 

h 9 

1 |0l 

0| 1 


3 4 8 

8 10 li a 1 

7 6 

11 9 


4 2 6 
8 6 11 
1 a 10 

a 1 

9 7 



In both these the warp is inserted into the heddles the same way. The difference 
is entirely in the application of the cords, and in the succession of pressing down the 
treddles. We now give four s|>ecinion8 of the flushed and cut work, known by the name 
of velveteen. They are also upon six leaves, and the difference is solely in the cording 
and in the treading. 

No. 1 1. Queeu’s Velveteens. No. 12. 


1 101 loioi 

! :: L I 1 1 '1 

I0| 10 

■ 1 


wraipoM 


mo 

2 
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a 

r 
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0. \i) 

4 

1 
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10 10 

6 
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1 

* i 101 1 

0101 

b 


laiassa ass 

s 7 e 6 8 7 a 

a 11 10 10 la 11 9 


No. 13.— Plain Velveteen. 


No. 14. — Genoa Velveteen. 
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7 S 
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Tho additional varieties of figure which might be riven are almost endless, hot the 
limits of this article will not admit a further o^iL Th 


fhose already given are tlie artk 
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dcq in most ffcncrnl ude. The varietiei of fhncj nay be indulged to great extent, but 
It IS universally found, that the most simple patterns in every deparimeAt of ornamental 
weaving, are those which attract attention a^ oommand purahasers, We shall there- 
fore only add an example of king’s oord, or corduroy, and of Dutch oord, with one of 
Genoa and one of common velvet, to show the |)eeuliaritiei. 


No 15 — King’s Cord. Na 10.— Dutch Cord. 
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After the fustian cloth is taken from the loom-beam, it is carried to the cutter, who 
riph up the snrface-threuilb of welt, and produces thereby a hairy-looking stuff. 

Preparatory to its being cut, the cloth is spread evenly upon a table about six feet 
long, upon each end of which a roller mounted with a ratchet- wheel is fixed i the one 
to give off, and (he other to wind up the piece, in the above six-feet lengths. 

'rhe knife is a steel rod about two feet long, and thrcc-cigbths of an inch sqnare, 
having a square handle at the one end; the other end is tapered away to a blude, as 
thin as paper. To prevent this point foom turning downwards and injuring the cloth, 
its under side is covered by a guide which serves to stiffen it, as well as to prevent its 
lower edge from cutting the fustian. 

The operative (male or female) grasps the handle in the right hand, and insinuating 
the projecting point of the guide under the weft, pushes the knife smartly forward 
thongti the whole length of six feet, with a certain dexterous movement of the shoulder 
and right side, balancing the body meanwhile, like a fencer, upon the left foot. This 
process is repeated upon every adhesive line of the weft. 

The next process to which fustians are exposed is steeping in hot water, to take oot 
the dressing paste. They are then dried, reeled, and brushed by a machine, &c. 
From twenty to thirty pieces, each eighty yards long, may be brushed in an hour. 
The breadth of the cloth u» twenty inches. The maceration is performed by immers- 
ing the bundled pieccb in tuiks of water, heated by waste steam ; and the washing by 
means of a reel or winch, kept revolving rapidly under the action of a stream of cold 
water, for an hour or longer. 

After being thus ripped up, it is taken to the brushing or teasling machine, to make 
it shaggy. 

This consists of a series of wooden rollers, taming fteoly upon iron axles, and 
covered with tin-plate, rough with the hurt of punched holes ; and blocks of wood, 
whose eoneave under surfiiMB are covered with card-cloth or card-brushes, and which 
are made to traverse backwards and forwards in the direction of the axes ot the re- 
volving rollers, during the passage of the cloth over them. 

Aftn they are brushed in the machine, the goods are singed by passing their cut 
surfiice over a cylinder of iron, laid in a horiiontal direction, and kept red hot by a 
flue. They are now brnshed a^in by the machine, and once more passed over the 
singeing suifioe. The brushing and singeing are repeated a third or even occa- 
sionally a fourth time, till the coid acquires a smooth polished appearance. 

The goods ere next steeped, washed, and bleached by immersion In sdatkm of 
chloride of lime. They are then dyed by appropriate chemical means. After which 
they are padded (inhned hy the padding machine of the calico priateia) with a sdn- 
sition of pue, and passed over steam cylinders to stiifon them. 

Smooth fostiana, when cropped or shorn before dyeing, are called moleskins | but 
when shorn after beiiu dyed, are called beverteen; they are both tweeled fobrici. 
(’autoon is a fhatian wifo a fine cord visible upon the one side, and a satiny surfooe of 
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> prnfi running at right anglps to the cordfl upon the other side. The satiny side is 
iioiMctinies smoothed by singeing. The stutf is strong, and has a very fine aspect. 

FUSTIC, or Ykllow Wood. (Boisjaune, Fr. ; Gelbliolz, Germ.) The dtl fustic 
ot the Engluh dyer. It is the wood of the Morua tincUtria, It is light, not hard, 
and pale yellow with orange veins ; it contains two colouring matters, one resinous, 
and another soluble in water Chevreul has given the name of ntorin to the col<iur> 
ing matter obtained from fustic. It is procur^ by boiling ground fhstic in distilled 
water, passing the decoction rapidly through a filter, and allowing the liquid to stund 
fur several davs, when the colouring matter (morin) is precipitated. 

The decoctions of fustic in water an* brightened by die addition of a little glue, and 
still more so by curdled milk. This wood is rich in colour, and imparts permanent 
dyes to woollen stuffs, when aided by proper mordants. It unites well with the blue 
of the indigo vat, and Saxon blue, in producing green of various shades. Alum, 
tartar, and solution of tin, render its colour more vivid i sea salt and sulphate of iron 
deepen its hue From 5 to 6 ])arts of old fustic are sufficient to give a lemon colour 
to 1 0 parts of cloth. This wood is often cnqdoyed with sulphate of iron iu producing 
olive and brownish tints, which agree well with its dull yellow. For the same reason 
it is much used for dark greens. 

The bichromates of potash and of lead, have nearly superseded the use of fuhtic, 
but still, it is employed for producing some green iu cotton yarn, and in light cotton 
fabrics, as gauzes and muslins. 

FIJSTIO, Young. (Fustett Fr.) The wood of the Bhus cotinua^ a shrub which 
grows principally iu the south of France and in Italy, called also Venetian aumacfi. 
This wood contains a large quantity of yellow colouring matter, xiamed fustiric, 
I'his colouring inaiier lius a strong attraction for oxygen, which affects its use as a 
dye, rendering it very fugitive. It is rarely used alone, but as an aasiataut to strike 
some particular lint 

FUSTIN. A name given to the colouring matter of the Bhua Cotinua or young 
fustic. 


G. 


G ASIAN OIL. A mineral naphtha exuding fi*om a bituminous shale at Gabian in 
Languedoc. 

G AURONITE, is a yellowish stony substance, of a greasy lustre. This mineral 
is distinguished by the large quantity of soda which it contains; its constituents 
being, silica, 54; alumina, 24; soda, 17*2.5; magnesia, 1*6; oxide of iron, 1*25; 
water, 2. It is most probably a variety of Seapolite. 

GAD. A miner’s tool ; a pointed wedge having its sides of a parabolic figure. 

G ADID^. The cod-fish nmily. This family of fishes is one of much importance 
to man. The value of the flaheries established in various parts of the northern seas 
is very great (see God). The common cod, Morrhua callaria, is one of the most 
important species of this fkroily. The catching and curing of this fish give employ- 
ment to tbousanda. The haddock (^Morrhua aglefinua) is nearly allied to, idthough 
smaller than, the cod. The coal -fish (Meriangw carbonariua) is much less valuable 
than either ^ cod or haddock. It ia a coarse Ash and derives its name from the 
dusk^ pigm«|Pwhich tinges the skin, and soils the fingers like moist coal The 
whiting (Merhngui vulgarta) is a well-known fish forming a delicate article of food. 
The h&e or stock fish (Mfrhtciua vulgarvt) is cai^bt very abnndantlv on onr southern 
coasts, and forms a valuable article of food ; prejudice aionc keeps it from taking its 
place at the tables of the wealthier classes. The ling (Lota mlva) is caught in 
abundance around the Scilly Isles and the coast of Scotland, forming a considerable 
article of commerce. The tomk (Broimiua hroame) is found in great quantity 
around the Shetland Isles, where it is much prized. The best cod-liver-oU is obtained 
from the livers of this fish. 

GADOLINITE ; called also Yttrite and Ytterbyte ; is a mineral of it black, 
brownish, or yellowish colour, wanular, or compactly vitreous had ooiiohoidal 
ftacture ; of sp. gr. 4*0 to 4 5, readiliy soratohing glass ; at the blowpipe it fonns an 
opac^uc glass, sometimes with intumescence, but does not fuse into a bead. It is 
remarkable for containing fWim 45 to 56 per cent of the earth yttria : its renudninjg 
coustituente being silica, 25*6 ; oxide ot cerium^ 27*92 ; oxide of iron, 11*48, This 



GAIiL NUTS. 


429 


ntnenil, which if Tory raro^ ia found in Sweden ; alio ftt Dldco in Oieenland ; in 
the south of Norway ; and near Galway. Its peetiliar oonstitoeot wii diiocnrered by 
Professor Gadolii^ after whom it is named. 

G AGATES. The name by which Jar wm known to the andenti, deriTcd pro- 
bably from Gagis, a town in Lycia, where it was said to haTC be^m fbn^. See Jet. 

OALACTITE, so called f^m its giving the colour of milk to water, when 
triturated with that fluid; recent analyses have shown It to be nutrolite. See 
Natromtc. 

GALACTOMETER, or liACTOMETER, is an instrument to ascertain the 
quality of milk ; au article often sophisticated in various ways. Freiib milk, rich in 
cream, has a less hpcciflc gravity than the same nnik after it has been skimmed; 
and milk diluted with water bccoiniis proportionally lighter, lienee, when our 
purpose is to detenniuc the quantity uf cream, the giilnotomeier may consist merely 
of a long pnduated gUsa tulie standing upright upon a sole Having filled 100 
measures wuh the recent milk, wc shall see, by the measures of cream thrown up, 
lU value in this respect. A delicate lung-ranged glass hydrometer, graduated from 
I 000 up to 1 060, affords the most conveuiint mtous of detecting the degree of 
v.Oerj dilution, pi nvided the obseuci' of thickening materials h.is been previously 
ascertained h} filtration. Good fresh milk mdicati c fVuin 1 030 to I 032 ; wlien tliu 
enam is nmioved, I '035 to 1*037. When its density is less than 1*028, we may 
infer It has been thinned with water. 

CrAIiJlA NIIM is a gum-resin, which exudes either spontaneously or fVom incisionq 
mode into the stem of the bubon galbanwru a plant of the family of umhellifera^ which 
grows in Africa, particularly in Ethiopia, it contains 67 of resin ; 18*3 of gum ; 
(i 1 of volatile oil and wat<>r ; 7 .5 of woody fibres and other impurities ; with traces 
of acid malate of lime. 

GALENA {Pbmb ml/wf, Fr. ; Bleighnz^ Germ.) is a sulphide (sulphurct) of 
lead. It is of a lead-grey colour, crystallises in the cubical system, and is susceptible 
of cleavages parallel to the faces of the cube ; sp gr. 7'7.')92 ; cannot be cut ; fusible 
at the blowpipe with exhalation of sulphttrcous vapours ; is easily reduced to metallic 
lead. Nitric acid first disHolvcs it, and then throws down sulphate of lead in a 
white precipitate; the solution offordiug with plates of siric brilliant laniinie of lead 
(arbor Satumi). It consists of sulphur 13 ; lead 85 ; with a little iron, and generally 
a small quantity of silver. This is the richest ore of lead, and it occurs in almost 
every geological formation, in veins, in masses, or in beds. Galena in powder, 
called Alquifoux, is employed as a glaze for coarse stoneware. See Lead. 

G ALIPGT, is a name of a white semi-solid viscid resin, found on fir-trees ; or an 
inferior sort of turpentine, poor in oil. 

GALL OF ANIMALS. A peculiar fluid, called also 5t7e, secreted by the cells 
of the liver ; it is taken up by the biliary ducts, which unite to form the hepatic duct, 
by which the secretion is either discharged directly into the duodenum, or is 
conveyed through the cystic duct into the bladder, wherein it becomes accumu- 
lated and to some extent inspissated. Gall or bile from different animals finds 
several uses in the arts. It is used for cleansing woollen goods, and by artists it is 
employed to ensure the uniform spreading of water colours upon paper. For the 
constitution of the gall of different animals, see Watts* “ Dictionary of Chemistry.” 

GALL OF GLASS, called also SANDIVEB, is the neutral salt skimmed off the 
surface of melted crown glass ; which, if allowed to remain too long, is apt to be re- 
absorbed in part, and to injure the quality of the meial, as the worlunen call it* See 
Glass. 

G ALLATES; salts consisting of gallic acid combined with bases; the most im« 
portant being that with oxide of iron, constitnting a principal part of the block dye. 

GALLERY, to lamtap, in some districts, an underground horiaontal excavation. 

G ALLl ARl), a north of England term for a hard, smooth, flinty grit 

GALLIC ACID is the peculiar acid extracted from gall-nuts. 8 m Oall-uuts. 

GALLIPOLI OIL is a coarse olive oil, contalniug more or less mucilage, imported 
from a seaport so named, of the province of Otranto, in the kingdom of Naples. 
See OuvE On* 

GALL-NUTS or GALLS (Nous de GWIs, Fr. ; GaUdpfett Germ.), are ex- 
crescences found upon the leaves and leaf-stalks of a species of oak, calM Qusreus 
Mfietanot which grows in the Levant. They are produced in oommqueiiee of the 
ponetOK of the fmnale of the gall wasp (Qniipf yWii gaercifi), made In order to deposit 
her eggs ; round which the juice of the tree exudes^ and dries in coneentrto poruons. 
When the insect Mihlly formed, it eats through the nut and flies oft 

The Levant are of two different appearanoei and jiualities ; the flfst are heavy, 
compact, impeilbratod, the inieot not having been soffleicntly advanced to eat Ua way 
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throiiKb the shell ; |>rickly on the surface ; of a blaekish or bluish grven hue ; about 
the sise of a musket ball. These are called black, blue, or Aleppo galls. The second 
are light,, spongy, pierced with one or more holes } smooth upon the surface, of a pale 
greyish or reddish yellow colour, generally larger than the first, and are called white 
gulls; but they arc inferior to the former, and great care should be taken in the pur* 
chase of the best quality, for these are often dyed by dishonest traders to imitate the 
best blue Alepp(» gulls, but the fraud may be detected by the small hole made by the 
insect in the white galls, so that if the blue galls have holes, we may be sure they 
are not genuine. 

Besides tlie galls of the Levant, others come fh>m Dalmatia, Illyria, Calabria, 
Ac. ; but they are of inferior quality, being found upon the Qturcita cerrie ; they aro 
smaller, of a browninh colour, and of inferior value. The farther south the galls are 
grown, the better they are reckoned. 

The galls of the Quercus cerria and common oak ( Oallea a repine, Fr. ; Kncjfpem, 
Germ.) are of a dark-brown colour, prickly on the surface, and irregular in shape 
and size. They are used chiefly for tanning in Hungary, Dalmatia, and the southern 
provinces of the Austrian states, where they abound. 

Galls consist principally of three substances ; tannin, or tanuic acid; yellow extrac- 
tive ; and gallic acid. Their decoction has a very astringent and unpleasant bitter 
taste. The following arc their habitudes with various reagents : — 

Litmus paper is powerfully reddeued. Stannous chloride (protomuriate of tin) pro- 
duces an Isabel yellow precipitate. Alum; a yellowish grey precipitate. Acetate 
of lead ; a thick yellowish white precipitate. Acetate of copper ; a chocolate brown 
precipitate. Ferric sulphate (red sulphate of iron) ; a blue precipitate. Sulphuric 
acid ; a dirty yellowish precipitate. Acetic acid brightens the muddy decoction. 

I'aiJiiin or tannic acid is prepared as follows : Into a long narrow glass adopter tube, 
shut at its lower orifice with a cotton wick, a quantity of pounded {[alls are put, and 
slightly pressed down. The tapering end of the tube being inserted into a matrass or 
bottle, the vacant upper half of the tube is filled with sulphuric other, and then closed 
with a ground-glass stopper. Next day there will be found in the bottle a liquid iu 
two distinct strata ; of which the more limpid occupies the upper part, and the other, 
of a sprupy consistence aud amber colour, the lower. More ether must be filtered 
through the galls, till the thicker liquor ceases to augment Both arc now poured 
into a funnel, closed with the finger, and after the dense liquor is settled at the bottom, 
it is steadily run off into a capsule. This, after being wadied repeatedly with ether, 
is to be transferred into a stove cbainber, or placed under the receiver of an air pump 
to be evaporated. The residuary matter swells up in a spongy crystalline form of 
considerable brilliancy, sometimes colourless, but more frequently of a faintly yel- 
lowish hue. 

This is pure tannin, which exists in galls to the amount of from 40 to 45 per cent. It 
is indispensable that the ether employed in the preceding process be previously 
agitated with water, or that it contain some water, b^ause by using anhydrous ether, 
not b particle of tannin will be obtained. 

Tannic acid is a white yellowish solid, inodorous, extremely astringent, very solu- 
ble in water and alcohol, much less so in sulphnric ether, and uncrystallisable. Its 
watery solution, out of contact of air, undergoes no change ; but if, in a very dilate state, 
it be left exposed to the atmosphere, it loses gradually its transpareucy, and lets fkll 
a slightly greyish crystalliue matter, oonsistiDg i^ost entirely of gallic acid. For pro- 
<'uring this acid in a perfectly pure state, it » merely necessary to treat that solution 
thu.s changed with animal charcoal, and to filter it in a boiling state, through paper 
previously washed with dilute muriatic acid. The gallic acid will fkll down in crystals 
as the rujuid S||||6. 

If the pretAKg experiment be made in a graduated glass tube containing oxygen 
over mercury, this gas will be absorbed, and a corresponding volume of rarlmnio acid 
gas will be disengaged. £a this case the liquor will appear in the course of a few weeks 
as if traversed with numerous crystalline colourless needles of gallic acid. 

Tannin or tannic acid consists of carbon, 51*66 ; hydrogen, 4*20 ; oxygen, 44*24. ^ 
From the above fkets it is obvious that galliq acid does not exist ready fbrmed in 
gall-nuts, but ^t it is produced by the reaction of atmos^ric oxygen upon the tannin 
of these concretions. 

Gallic acid is a solid, feebly acidulous and styptic to the taste, inodorous, crystallis- 
ing in silky needles of the greatest whiteness; soluble in about 100 times its wsi^t of 
cold, and in a much smaller quantity of boiliiig water ; more soluble in aksohbl tmui in 
water, but little so in sulphuno ether. 

Gallic acid does not decompose the salts of protoxide of iron, bnt it forms, ^ 
sulphate of the peroxide, a dvk blue precipitate, much less insoluble Uma fop tanaate 
of iron. 
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GAIiV AN18E1> IRON This is tlip name, improporly giren, first in Fiance, and 
hulnaMiucntly adopted in this country, to iron coated with sine by a peculiar patent 
priKCBS. 

In 1837 Mr IJ. W. Crawfurd patented a process for zincing iron. In the ** J?c- 
perUrry of Patent Inrentwns*^ his process is thus described: — Sheet iron, iron castings, 
und various other objects in iron are cleaned and hcouied by immersion in a bath of 
water, acidulated with sulphuric acid, heated in a leaden vessel, or used cold in one 
of wood, just to remove the oxide. They are then thrown into cold water, and taken 
out one at a time to be scoured with sand and water with a piece of cork, or more 
usually with a piece of the husk of the cocoa nut, the ends of the fibres of which serve 
08 ti brush, and the plates are afterwards thrown into cold water. 

Pure zinc covered with a thick layer of soi'ammoniao is then melted in a hath, and 
the iron, if in sheets, is dipped several sheets at a time in a cradle or grating. The 
sheets are slowly raised to allow the superfiuouB zinc to drain otT, and are thrown 
whilst hot into cold water, on removal from which they only require to he wiped 
dry. 

Thick pieces are heated before immersion in a reverberatory fhmace, to avoid 
cooling the zinc. Chains arc similarly treated, and on removal from the .zino require 
to be shaken untU cold to avoid the links being soldered together. Nails and small 
articles are dipped in muriatic acid, and dried in a reverberatory fhrnace, and then 
thrown altogether in the zinc, > overed with the sal-ammoniac, left for one minute, and 
taken out slowly with an iron skimmer ; they come out in a mass soldered together, 
and for their separation are aflerwards placed in a crucible and surrounded with 
charcoal powder, then heated to redness and shaken about until cold for their separa- 
tion. Wire is reeled through the zinc, into which it is compelled to dip by a fork or 
other contrivance. It will be understood that the zinc is melted with a thick coat of 
sal-ammoniac to prevent the loss of zinc by oxidation. 

Mr. Mallett coated iron with zinc by the following process: — 

The plates are immersed in a cleansing bath of equal parts of sulpliorio or muriatic 
acid and water, used warm } the works are then hammered and scrubbed with emery 
and sand to detach the scales, and to thoroughly clean them s they ore then Immerse 
in a ** preparing hath ** of equal parts of saturate solutions of muriate of sine and aal- 
ammoniae, ftom which the works are transferred to a flnid metallic bath, consifting of 
202 partt of merenry and 1292 parts of sine, both by weight, to every ton weight of 
which alloy is added above one pound of either potaisinm or 8odiiim» the latter being 
preferred. As toon as the cleaned iron-worka have attained the melting heat of the 
triple alloy, they are removed, having become thoroughly coated with sine. At the 
proper ftising temperature of this nXkj, whioh is about 680^ Fahr., it will dieiolte e 
plate of wrought iron of an eishtb of an ineh thick in a ftm seconds. 

Morewood and Bogers's galvanised tinned iron is prepared under leveral patimtai 
Their process is as ftiUowst — 

The eheeta are piekled, aoonred, and deaned joet the eame as for ordinary tinning. 
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A large wooden bath ie then half filled with a dihite eolation of mnriate of tin, pre- 
pared by dissolving metallio tin in concentrated mnriatie acid, which requires a period 
of two or three days. Two quarts of the saturated solution are added to 300 or 400 
gallons of the water contained in the hath. Over the hottom of the hath is first spread 
a thin layer of finely granulated sine, then a cleaned iron plate, and so on, a layer of 
granulati^ sine and a cleaned iron plate alternately, until the hath is full i the sine 
and iron together with the fiuid constitute a weak galvanic hatterv, and the tin is 
deposited from the solution so as to coat the iron with a dull uniform layer of metallic 
tin in about two hours. 

The tinned iron is then passed through a bath oontainin|; fiuid sine, covered with 
sal-ammoniac mixed with earthy matter, to lessen the volatilisation of the sal-ammo- 
niac, which becomes as fiuid os treacle. Two iron rollers immersed below the sur- 
face of the zinc, are fixed to the bath and are driven by machinery to carry the plates 
through the fiuid metal at any velocity previously determined. The plates are received 
one by one firom the tinning bath, drained for a abort time, and passed at once, whilst 
still wet, by means of the rollers, through the bath as described. The plates take up 
a very regular and smooth layer of zme, which, owing to the presence of the tin 
beueath, assumes its natural crystalline character, giving the plat<>s an appearance 
resembling that known as the mair^e meUdlique, — See Hunfa Handbook Co the Great 
Exhdniton. 

It is stated that galvanised iron plates 4mt with shears so as to expose the central 
iron become zinced round the edges, and at the holes where the nails were driven. 
We are also informed that ungalvaniaed iron will, if moist when near galvanised 
])latc, Ix'conie zinced, and that telegraph wirt‘8, where cut through, become coated by 
the action of the rain-water on the galvanised ^rtion of the surfaces. 

It has been stated that the galvanised iron is not more durable than unprotected 
iron } that, indeed, where the zinc is by any accident removed the dcstrnction is more 
rapid than ordinary. We have made especial inquiries, and find that in forges where 
there is any escape of sulphur vapour the galvanised iron does not stand well } but 
that under all oi^inary circumstances it has the merit of great durability in addition 
to its other good qualities. 

11 AL Y A N O'PL AST 1 C. The German name of Electro-metall urgy. 

OAMHIR, or GAMBIEK. The Malayan name of an extract obtained from the 
Uwana Gambier, It is the Terra Japouica of tanners. 

Two methods of obtaining gambir are described: one consists in boiling the leaves 
in water, and inspissating the decoction; the other, which yields the best gambir, 
consists in infhsing the leaves in warm water, by which a fccula is obtained, which is 
ios})i6satod by the heat of the sun and formed into cakes. "J'he best gambir is made 
at llhio, in the Isle of Brittany, in the Eastern Archipelago ; and the next best is 
that of Lingin. It is principally imported from Singapore, and is used principally for 
tanning, under the name of Terra Japonica, The Mimosa catechu yields a different 
extract fyom the gambir, but catechu and gambir are often confounded. 

The imports St Gambir or Gambier were, in 1863, 10,822 tons, value 341,442/; 
in 1864, 11,426 tons, value 287,022/. 

GAMBIR CATECHU. See Catecho. 

GAMBOGE. Qamme guttCf Fr. ; Gutti, Germ.) Gamboge appears to have 
been first brought from China about 1603, and its oriental name was said to be 
Ghiiiaiemon. 

It is generally supposed to be produced from the Hebradendron cambogioides of 
Graham, and the Xanthochymus ovalifoUus of Roxburgh. In Ceylon the gamboge is 
obtained by pounding the bark of the tree in various places with a diarp stone, when 
the flowers Jpin to appear. Gamboge is imported from Siam, bjr way of Singapore 
and Penang^It is known in three forms. In rolls or solid cylinders ; in pipes or 
hollow cylinders ; in cakes or amorphous masses. Gamboge in small quantities is 
also obtained in Ceylon. 

Gamboge consists of resin, 74*3 ; soluble gum, 21*8 ; moisture, 4*6. 

Gamboge is employed as an artist’s colour; it is used to colour varnishes and 
lacquers, and it is administered medicinally. 

Ourjmports of gamboge were in 1863, SSSewts., value 3,268/.; in 1864, 42 cwts., 

value 52ol. 

OAMBOGIA. The genus of plants yielding gamboge. Thk much esteemed 
mangosteen is a frait of one of the family. 

GAMMAM. A dye stuff, so called, from Tunis. Examples were sent to this 
countiw iu 1851, but it does not appear to have been introduced since that time. 

G ANGtJE. A word derived from the German gang, a vein or ohanneL It nfi- 
nifies the mineral substance ahich either encloses or usually aocompaoies any metalii<’ 
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ore In the Tein. Qairti, lamellar carbonate of lime, aulphate of hnryta, aulphata 
and flttate of lime, generally form the gangoea t but a great many other attbatancea 
become each when they pr^oniinate iu a rein. In mineral worka the irat thing la 
to break the mined ore into amall piecca, in order to asperate the vainabie from the 
uaeloBB parts, by proceases called atamping, picking, sorting. See Murma. 

GARANCIN. See Maddmu ® ^ 

GARANCEUX. See Madobr. 

GARLIC. AUium saittmm. This plant in well known, and is much uaed in flaroiir- 
ing fauces. 

It is found by analysis to contain an acrid roiatile oil, gnm, woody fibre, aibnmen, 
water, with aulphur, starch, and saccharine matter. Tlu* oH o/ aarlir is a aolphide of 
allylc, Alls -■ 

GARNET. (Grmatf Fr ) Garnet ii a silieate of aome base, which may be lime, 
magnesia, oxide of iron, dee. 

There are six siih-specics of garnet, via. *>— 

I. Alumina-lime gurnet, consiaung oS the sUieateS of alumina and lime. 

II. A/emifM-iiKi^ncjria garnet, conaistiDg of the silicates of alumina and magnesia. 

I I I. Alumina iron garnet, consisting of the silicates of alumina and iron. 

IV Alumtnu manganese garnet, consisting of the bilicates of alumina and man- 
ganesu. 

V. Tran-tmn garnet, consisting of the silicates of iron and lime. 

VI Lime-ckrame garnet, consisting of the silicates of lime and oxide of chromium. 

I. Lime-garnet, or groasular, is composed of Bilica> 40*1 ; alumina, 22*7; lime, 37*2 
u. 100*0. Colour, pale gnenish, clear red, and radish orange, cinnamon colour. 
Before the blowpipe, fuses to a slightly greeuish glass or enamel ; soluble, when pow« 
dered, in concentrated muriatic acid. 

I'his section comprises cinnamon^stone or Esionite, groasular or Wiluitc, Roman* 
zovite, topazolite, and succinite. 

II Magnesia-garnet is of a deep coal-black colour, with a resinous lustre. The 
variety from Arendal is composed of silica, 42*45} alumina, 22‘47 ; protoxide of iron, 
9*29 ; protoxide of manganese, 6*27 s magnesia, 13*43 ; lime, 6*53 «• 100*44. — ( WUcht- 
metater.) Before the blowpi|ie, easily fusible, forming with intumescence a dark 
greyish-green globule, which is non-magnetio. 

III. Iron-garnet comprises the almandine or precious garnet, allochroite, and com- 
mon garnet It is composed of silica, 80 3 ^ alumina, 20*5} protoxide of iron, 43*2 ■■ 
100*0. Before the blowpipe, fuses rather easily with an iron reaction. 

IV. Manganese-garnet, or spesaartine, is of a brownish-red colour, and is composed 
of silica, 35 83*, alumina, 18 06; protoxide of iron, 14*93; protoxide of mangmse, 
30 96 ->99 78. (Analysis of M. garnet from Haddom, U. S., by ^bert,) Before the 
blowpipe, gives a manganese reaction. 

V. Iron lime garnet includes aploroe, colopbonite, raelanite, and pyreneite. These 
vary in colour from dork red, brownish-black, to black, and possess a shining lustre, 
which is sometimes resinous, as in colopbonite. 

Analysis of the aplome of Altenau .* — Silica, 35*64 ; lime, 29*22 s protoxide of iron, 
30 00 ; protoxide of manganese, 3*01 *, potebh, 2*35 ■* 100*22 — WUckhneutar, 

VI. Lime-chrome garnet, or ouvarovite, ia of an emerald-green colour. Sp. gr., 
3*418. Before the blowpipe it is infusible alone, but with borax afibrda a chrome* 
green glass. It occurs at Bissersk, in Ruasia. 

Analysis by Erdmann x — Silica, 36*93 ; alumina, 5*68; peroxide of iron, 1*96; oxide 
of chrome, 21*84; magnesia, 1*54 ; carbonate of lime, 31*66 ; oxide of copper, a trace 
->99 58. 

The garnet varies greatly in transparency, fractnre, and colour ; but when the 
colours are rich, and the stone is free from flaws, it constitutes a valuable gem, which 
way be distinguished by the following properties 

Tho colour should be blood or cherry-red; on the one hand often mixed more or 
less with blue, so as to present various ahadei of crimson, purple, and reddish violet, 
and on the other band, with yellow, to as to form orange-r^ and hyacinth brown. 

The atones vary in size from the smallest pieces that can be worked to the sise of 
a nut When above that size they are scarcely ever free from flaws, or sufllcieiitly 
transparent for the purposes of the jeweller. 

The ganiete of commerce are procured ftrom Bohemia, Ccplon, Pegu, and the BrasUa. 
By jewellers they are classed as Syrian, Bohemian, or Cingalese, rather from theiy 
relative value and fineness, than with any refierenee to the eoantry from which tihey 
are supposed to have been brought 

Those most esteemed are colled Syrian garnets, not bscaase they coma from Syria,, 
but after Syrian, the capital of Pegu, which city wm fbrmeriy the chief mart fbr tha 
finest garnets. The ooloor of the Syrian garnet ia violet-purple, which, in some rare 
Vol.il F F 
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iiiMl.iiiot's, Ties with that of tliv finest oriental ailiethytt { but it maj be dis>tlDffui»1ied 
from the latter by acquiring an orange tint b^ candle-light. The Syrian garnet may 
he also dihtinguiabcd fVom all the other vanctica of garnet in preserving its coldur 
(oven when of considerable thickness and unassisted by foil), unniixed with the black 
tint which usually obscures this gcin. The Bohemian garnet is generally of a dull 
})oppy*red colour, with a very pc^recptiblc hyacinth-orange tint when held betwe<>n 
the eye and the liglit. When the colour is a full crimson it is called pyropc, or fire 
garnet, a atone of considerable value when perfect and of large size. 

'riic best tnanrier of cutting the p}ro})e is en cabochont with one or two rows of small 
facets round the girdle of the stone. The colour appears more or less blaek when 
the stone is cut in steps, but when cut cn caltochoiif the points on which the light falls 
display a brilliant fire- red 

<ramet is easily worked, and when facct-cut is nearly always (on account of the 
d< ptii of its colour) formed into thin tables, which are sometimes concave or hollowed 
out on the under side, ('lit stones of this latter description, when skilfully set, with a 
bright silver foil, have ofrcni been sold as rubies. 

The garnet may be distinguished fi’om corundum or spinel by its duller colour, 
t'ourse garnets reduced to a fine jiowder are sometimes used as a substitute for emery 
in polishing metals. 

Jfohuman gnrnrt. Sec Pyrope. — II. W. B. 

Cm as. ((jrOJ», Fr. ; (7 o 2, Germ.) U’he generic name of all such elastic fluids as are 
aeriform under a considerable pressure, at the zero of Fahrenheit. Oxygen, hydrogen, 
and nitrogen, are perniancpt gases ; many of the other vaporiform bodies have been 
condensed by the joint power of cold and mechanical force. See Watts’ “ Dictionary 
of (’heniistry.” Sec ('oal Gas. 

GAS ENGINE. {Lenotr'a patent^ From time to time various forms of 
explosive engines have been introduced. Lenoir's, which is the last one of this 
description which has engaged the public attention, differs in principle but little 
fnim those gas-engines by which it has been preceded 

It resembles an horizontal steam engine in outward appearance, but the motive 
power is obtained by exploding a mixture of coal-gas and air on each bide of the 
piston. 'I'he explosion is effected by means of a small galvanic battery, which is 
alternately put in circuit witli wires at either end of the cylinder hy means of iin 
insulated conductor sliding on the cross head of the piston. Two slide valves are 
employed, driven by eccentrics in the usual manner; one serving for the admission 
of the mixed gases, the other covers the ports, for the removal of the gases produced 
by the explosion. The cylinder is kept cool by a current of water, which circulates 
about its outer surface. 

From a report on the mechanical effect produced by this engine, recently pub- 
lished by Mr. Treseo, the following data have been obtained. 

The hourly consumption of gas per effective 11. P. is 101*7 cubic feet. The ignition 
of the gnses in the interior of the cylinder is effected at a temperature of 536^ 
Fahrenheit, and about 175 gallons of water, at C4^ Fahrenheit, arc Employed per 
hour in cooling the cylinder, the temperature being raised by the contact of tlie 
heated metnl to 105^ Fahrenheit. 

It will therefore be seen that there is no economy to be obtained iVom the use of 
this engine in the place of steam power, bat it maybe conveniently employed for the 
production of a small power in places where it is considered desirable to dispense 
with the use of steam boilers. Another, and perhaps more formidable objection, is 
pointed out by Mr. Tretoo in the fact, tW a trace of nitric acid is invariably found 
in the pro^cts of the explosion which results from the oxidation of a minute 
quantify AAo nitrogen in the air employed, and which is likely to exert a destruc- 
tive influence on the uuMrior of the cylinder. 

C. W. Siemen$ faas riso a gas engine of a similar construction to the above, hat it 
is provided with a regenerator for sav^g a great part of the heat, which would 
otherwise be discharged with the waste |asei,^and there are theoretloal grounds for 
expecting it to be economical. 

OASES, ABSORPTION OF. All bodies, liquid or solid, absorb ,gases» the 
amount of gas absorbed dependlM on some mechanical conditions which ore by no , 
means satisfactorily explained. 'Ais is not the place to enter into any examination 
of this most interesting and important ofestioo. Yet, as the considmtion of the 
phenomena involved is continually pressing itself upon the manufacturer, some bnef 
notice appears necessary. 

Gaaea are absorbed by liquids under two distinct sets of laws, acoordlng u the gas 
enters into chemical combimtion with the liquid or not. The amount of gm 
absorbed by a liquid, on whichr it exerts no Chemical action, depandi on the apooifio 
nature of the gaa and the liquids, on temperature^ and on preasuro. 
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Omm are ahearhed hjf tolidt in yirtue of some power residing npon thdr sarlhees. 
The phenomena of ** catalytic " action, of ** capillary ** attraction, and of ** exotmose *' 
and ** endosmose/' appear to be all due to the force which compels the condensation 
of gases— a»d upon the surfhees of all solids. Under THAncoAL, many 

examples of this are giren. The whole snhjeet demands an inyertigatlon which ft 
has not yet reoeiTcd. See Watts* “ Diotlonarv of Ohemistry '* for a rery ftiU 
description of all the important experiments which hear upon the auldect. 

GASES, DIFFITSIGN OF. All gases, and ill vapours, liau* a tendency to 
diffuse themselves through one another. The spontaneous eva{Mtrati(m of water is 
an example of vapour diflhsion. The way to which coal gsi mixes itself Into the 
air of an apartment is one of gas diffusion. The ^mt to be remembered, however, 
is that this diffusion readily takes place in opposittou to the law of gravity. As 
a light gas, contained in a vessel with an open mouth tTiverti>fl^ gradnuMy descends-* 
is diffused -into the heavie*' gas in which it may be placed, and evcritiially a 
nuKture of the two is effected. 

This subject has been very csrefully investigated by Pnifessor Graham. See 
his ** Elements of t 'hemistry," and Watts* “ Dlctfunary cf ('hemistry.” 

GASES, OSMOSE OF. Hie phenomenon of ilie passage of a gns through 
mem hranac eons diaplirngms is so called. See Gralianrs paper in the Philosophical 
'rniusactious of the I(u>al Society. 

GASES, TRANSPUIAFIOn OF. The pa^s'ige of gases through capillary 
lubes. All these phenomena are well expluined in Watts* EHctionary of I'hemlstry,** 

GAS Holder, a vessel for containing and preserving gas, of which various 
forms are described by chemical writers. 

GAS, LAUGHING. Ptotorule of ATttragen ; tiUo Protoxide of Azof And JVUrouM 
Oxidr. This gas is always prepared ftom the nitrate of animoni.<t; it was first 
d«'Rciibcd by Piiestlc} in 1770, and tarcfully studied by Davy. This gua is chiefly 
r<>murkabie for tlie peculiar intoxication which it produces when breathed. It is not 

he used without much caution. If it is not very pure, serious consequences may 
ensue; and c\en when absolutely pure, the editor has seen the nitrous oxide 
produce very distressing effects. It is not used in the arts. See Watts* ** Dictionary 
of ('heraiatry,** 

GAS-METER. See Coal-Gas. 

GASOME'FER, means properly a measurer of gas, though it is employed often 
to denote a recipient of gas of any kind. See Coal-Gar. 

GAS-PIPES. When the illumination by gas was first introduced in the larm 
way by Aaron Maiiby, Esq., then of the Horaley Iron Works, the old musket barrels, 
laid by in quiet retirement from the fatigues of the last war, were employed for the 
conveyance of gas ; and by a ciirinus coincidence, various iron foundries desisted in 
a great measure fmm the manufacture of iron ordnance, and took up the peaceftil 
employment of casting pipes for gas and water. 

The breech-ends of the musket-barrels were broached and tapped, and the mnzxles 
were sorewed externally, to connect the two without detached sockets From the 
rapid increase of gas illumination, the old gun ^barrels soon became scarce, and new 
tuMS, with detached sockets, made by the old barrel forgers, were first resorted to. 
This led to a series of valuable ''ontrivances for the manufacture of the wrought iron 
tubes, commencing with the Russell's patent, in 1824, under which the tubes were first 
bent up by hand hammers and swages, to bring the edges near together ; and they 
were welded between semi-circular swages, fixed respectively in the anvil, and the 
toce of a small tilt hammer worked W machinery, by a series of blows along the tube 
either with or without a mandrel. The tube was completed on being passed between 
rollers with half-ronnd grooves, which forced it over a conical or egg-shaped piece at 
the end of a long bar to perfect the Interior snrfhoe. 

Various steps of improvements have been since made ; for instance, the skelps wore 
bent at two squeeaes, first to the semi-cylindrical, and then to the tuhnlar Ibrm pre- 
paratory to welding, between a swage tool five feet long worked by machinery. The 
whole process was afterwards oarried on by rollers, bat abandoned on aeeoant of the 
unequal velocity at wiheh the greatest and least diameters of the rollers travelled 

In the presentmetfaodofinnnBtoctaring the patent welded tube, the end of the rikdp 
is bent to the otrcular form, its entire length is raised to the welding heat in an ap» 
proptitto fnrnnoe, and as it leaves the tomaoe almost at the point of fosion it is dragged 
by the chain of a draw-bench, after the manner of wire, through a pair of tongs with 
two bell-mouthed Jaws, these are opened at the moment of Intiodaoing theend of tito 
akelp, whieh is welded without the agenoy of a mandrel. 

By this tof^ious arrangement wrooght-iron tubes may be made ftroia the dkmetoP 
of six inches internally, and about one-eighth to three-eighths of an inch tlriefc, to aa 
small as one qnarter inch dinmsHer and one-tenth bore t and ao adnisahly to the 
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joiniDg effected in those of the best description, thfttthey will withstand the greatest 
pressures of gas, steam, or water to which they have been subjected, and they admit 
of iH'ing bent both in the heated and cold state almost with impunity. Sometimes 
the tu^s are made one upon the other when greater thickness is required, but 
these stout pipes and those larger than three inches are comparatively but little used. 

O ASSI ml. In order to remove the hairy filaments fh>m net-lace and other woven 
fabrics, they are passed over a large number of minute Jets of gas, aud between 
rollers. 

GAULT, a local term in some parts of England for clay, has been adopted into 
geological nomenclature to denote the argillaceous strata which separate the Upper 
and Lower Greensands. It is a dark blue or grey clay, used for making bricks and 
tiles ; it affords a poor agricultural soil, which is generally converted into pasture. - 
II. W. B. 

OAULTITERIA OIL. Winteugrekn Oil. A volatile oil obtained from the 
Oatdtheria procumbeiut the Wintergreen or Canada tea. It has an agreeable aromatic 
odour, and is used for scenting soaps. 

GAULTllERINE. Oue of the hydrocarbons isomeric with oil of turpentine 
which exists in Wintergreen oil, and the oil obtained by distilling the Beiulu 
the sweet or cherry birch. 

GAUZE. See Crape. 

GAUZE WIllE CLOTH is a textile fabric, either plain or tweeled, made of brass, 
iron, or copper wire, of very various degrees of fineness and openness of textures. 
Its chief uses are for sieves and safety lamps. 

GAY-LUSSITE, is a white mineral of vitreous fracture, which crystallises in 
oblique rhomboidal prisms ; specific gravity from 1*93 to 1*95 ; scratches gypsum, but 
is scratched by colospar ; affords water by calcination ; it consists of car^nic acid, 
28*66 ; soda, 20*44 ; lime, 17*70 ; water, 32*30 ; clay, 1*00. It is, in fact, by my ana- 
lysis, a hydrated so^-carbonate of lime in atomic proportions. Thia mineral occurs 
abundantly in insulated crystals, disseminated through the bed of clay which covers the 
Mioo, or native sesquicarbonate of soda, at Lagunilla in Columbia. 

GELATINE (Eng. and Fr.; GaUert, JUim^ Germ.) is an animal product which is 
never found in the humours, but it may be obtained by boiling with water the soft and 
solid parts ; as the muscles, the skin, the cartilages, bones, ligaments, tendons, and 
niemhranes. Isinglus consists of from 86 to 93 per cent, of gelatine. This substance 
is very soluble in toiling water; the solution forming a tremulous mass of jelly when 
it cools. Cold water has little action upon gelatine. Alcohol and tannin preeipitute 
gelatine from its solution ; the former by abstracting the water, the latter by combin- 
ing with the substance itself into an insoluble compound, of the nature of leather. 
No other acid, except the tannic, and no alkali, poBsesses the property of precipitating 
gelatine. But chlorine and certain salts render its solution more or less turbid ; as the 
nitrate and bi-chloride of mercury, the proto-chloride of tin, and a few others. 
Sulphuric acid converts a solution of gelatine at u toiling heat into sugar. Gelatine 
consists of carbon, 47*88 ; hydrogen, 7*91 ; oxygen, 27*21. 

Gelatine is produced by boiling the skin of animals in watef, which in its crude 
hut solid state is called ffiue,^d when a tremulous semi-liquid, size. See those 
articles. 

A fine gelatine for eolinary uses is prepared and sold as Nelson’s patent gelatine. It 
is thus prepared — After washing the parings, ftc., of skin, he scores their surfaces, and 
then digests them in a dilute caustic soda lye during ten days. They are next placed 
in an airtight vat, lined with cement, kept at a temperature of 70^ Fahr.; then washed 
in a revolij^ cylinder apparatus with plenty of cold water, and afterwards exposed to 
the fumes 4Pmirning sulphur (sulphurous acid) in a wooden chamber. They are now 
squeezed to expel the moisture, and finally converted into soluble gelatine, by water in 
earthen vessels, enclosed in steam oases. The fluid gelatine is purified by straining it 
at a temperature of 100° or 120° Fahr. 

A sparkling ^latine has been prepared under a patent granted to Messrs. J. and 
G^Gox, of Edinburgh. By their process the substance is rendered perfec^y pure, 
it possesses a gelatinising force superior even to isinglass. It maJtes a ^lendid 
calves’-feet jelly and a milk-white blanc-man^. The patentees also prepare a aemi- 
solld gelatine, resembling jnjubes, which readuy dissolves in warm water, as also in the 
mouth, and may be employ^ to make an extemporaneous jelly. . 

The gelatine of tones mav be extracted best by the combined action of steiBi 
and a current of water trickling over their crushed firagments in a properiv con- 
structed apparatus. When the gelatine is to be used as an alimentary artiele, the 
hones ought to be quite fresh, wril preserved ,m brine, or to be dried strongly ^8 
stove. Bones are best crushed by passing them between grooved Iron rolls. The 



GELATINE. 


437 


eaiit-Iron oyllnders in which they are to he iteamcd, ihonld be three time! giwater in 
length than in diameter. To obtain 1000 nitiona of gelatlnooa aoup daily, a charge 
of four cylindera ia required ; each being 3} feet long, by 14 inehea wide, capable of 
holding 70 Iba. of bones. These will yield each hour about 30 aallona of a strong 
Jelly, and will require nearly 1 gallon of water in the Ihrm of ateiim, and & gallons 
of water to be passed through them iti the liquid state. The 6 quarts of jelly pro- ' 
duced hour!} by each cylinder proceeds Irom the I piai f of steam-a nter and 4 quarts of 
pcrcolatina water. 

The boHer should furnish steam of about 333^ Fahr., at a preshui < of about 4 lbs. 
on the square inch. 

In Juf. 885 A, n, c, D, represents a vertical tectum of the ejloidvr , u, h, i, k, a 

tiCeiioii of tlu* lw**ki‘t or enge, os 
Itlletl with tlu hruisiil bones, 
uielosed m the cylinder; b, c, c, 
the pipe which conducts the 
steam down to the bottom of the 
cylinder; i., s, a pipe for iutro- 
duciiig water into the interior ; 
w, a stopcock for regulating 
tlu quantity ol w ater (according 
to the force of the steam pressure 
within the apparatus), which 
should be 3^ quarts per hour; 

N is a tube of tin plate fitting 
tightly into the part e of the 
pi|ie L ; it IS shut at n, and per- 
forated below with a hole ; it 
is inserted in its place, after the 
cage full of bones has been in- 
tr^uced. Fig, 88fi is an ele- 
vation of the apparatus, a, b, 
c, D, represent the four cylin- 
ders, raised about 20 inches 
above the floor, and fixed in their 
seats by screws; h h, arc the 
lids ; g g, tubulures or valves in 
the lids ; f, ring junction of the lid ; />, a thermometer;//, stop-cocks for drawing 
otf the jelly ; it n small gutters of tin-plate ; m, the general gutter of discharge 

886 




into the ciiCeni 3 ; e, a block and tackle for hoisting the cageful of bones in and mtt 
887 is an end view of the npparstus ; a, the main steam pipe ta, 3, e, r, branehea 
that conduct the steam to the bottom of the cylinder ; o, the tackle ibr raisiBg tha 
cage; s, stopcock; ii, small gutter; m, main conduit ; 3, cistern of reception. 

WbcD a strong and pure jelly il wished for, the ejlinder charged wito the bpnes is 
to be wrapped in blanket stnC ; and whenever the grease ceases to drop, the stopooek 
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wliirli idniiu tlie cold water » to be abut, as alio that at the bfittoin of the cvlinder, 
uliicli is to be opened only at the end of every hour, and ao little aato let the gelatiuoua 
solution run out, « ithemt allowing any of the ateuiii to eacapu with it. 

JSutchera* meat contains on an average in 100 887 

C mnda. 24 of dry flesh, AG of water, and 20 of 
>nea. I'hese 20 pounds can Airuish 0 pounds of 
alimentary aubstance in a dry state; whence it 
appears that, by the above means, one fourth 
more nutritious mutter cun he obtaim‘d than is 
usually got. A keen dispute has lieen carried on 
for some time in Paris, bet a ecu the partisans and 
adversaries of gelatine us an ni tiele <»f food. It is 
probable that b(Hh parties have pushed their argu- 
ments too far. Culf’s-fiKtt jell) is still deemed u 
flSitritious article by the medical men of this iouii- 
try, at least, though it is not to Ik* trusti'd to alone, 
but should have a due admixture or inti‘rt*hatige of 
flhrine, allmmcii, cascine, die. See blu'JiiiiioN. 

French Gelatine is sold in onkes, marked, like 
those of eoinuion glue, with the nets on which 
they have beeu dried. I'his gelatine is made ai 
Paris, from the cuttings of skins used for making 
white kid gloves ; it is coloured red, green, and 
blue, as well as sold colourless. 

Sicinfwume'e patent tejined iainfflaae is a pure 
furiii of gelatine, procured Arom the* skins of eulvcs 
cut into very thin slices and treated simply with 
water at or about 20(‘°. 

D*Arcet, in his Jlecherches aur lea Suhstaticca nutritivca que renfermenl lea Or, statca 
that, in Paris, bones of all kinds arc drst digested with hydrochloric acid to extract 
the phosphate of lime, and then boiled in water under pressure. In this way a 
nutritious soup is prepared for the hospitals and other pauper establishments. 

l>r. T. Hietiardson of Newcastle on Tyne treats bones first with muriatic or dilute 
sulphuric acid to dissolve out a portion of the mineral phosphates which they 
contain; the residue being then acted upon by sulphurous acid. The gelatine 
obtained after this process i.H treated with an alkaline sulphate or hyposnlphatc. or it 
may be treated with the phosphates of an alkali, or with the sulphurons acid solution 
of the diphosphates of lime aud magnesia By any of these processes, it is said, the 
hardness and sising properties of gelatine from any source is stated to be very 
considerably improved. See Isinglass. 

G KMS are precious stones, which, by their colour, limpidity, lustre, brilliant polish, 
purity, and rarity, are sought after as objects of dress and decoration. Among these 
beautiful minerals, mankind have agreed in forming a select class to which the title 
of gema or jewela lias been appropriated; while the term prechnu atone is more 
particularly given to substances which occur of a larger size and more commonly. 

Diamonds, sapphires, emeralds, rubies, topazes, opals, hyacinths, and chrysoberyls, 
arc reckoned the most valuable perns. 

Crystalline quartz, pellucid, opalescent, or of rariouB hues, amethyst, lapis lazuli, 
malachite, jasper, agate, &c., are ranked in the much mere numerous and inferior class 
of prerioua atones. These distinctions are not founded upon any strict philosophical 
principle, but are regulated by a conventional agmment, not very well defined ; for it 
is iiiipoB8||p to subject these creatures of fashion and taste to the rigid subdivisions of 
science, wii have only to consider the value currently attached to them, and take care 
not to confound two stones of the same* colour, but which may be very differently 
prized by the virtuoao. 

Since it usually happens that the true gems are in a cat and polished state, or even 
set in gold or silver, we are thereby unable to apply to them the criteria of minera- 
logical and chemical science. The catting of the stone has removed or masked its 
crystalline character, and circumstances rarely permit the phenomena of doable or 
single refraction to be observed ; while the test by the blowpipe is inadmissible. 
Jli-nce the only scientific resources that remain are the trial by electricity, which is 
often inconclusive ; tho degree of hardness, a criterion requiring great experience in 
the person who employs it ; and lastly, the proof of specific gravity, unquestionably 
one of the surest means of distinguishing the really floe gems fbom ornamental stones 
Of similar colour. This proof can be applied only to a stone that is not set. 

Thia character of specific gravity may be appifod by any person of common intelli- 
geneu with tlie aid of a small hydrostatic balance. If, for example, a etonp of a floo 

MVimann baJ _ ^^^IFCd * * * ^ ' ' * ^ 
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if h 1)0 not a Siberian tourmaline, or ruby gpinel. Siippoging Ita weight in air to be 100 
grainy if he finds it reduced to 69 grams when weight In nater, he concludes that its 
bulk is equal tf> that of 31 gniiiis of water, whieh is its loss of weight. Now, a real 
sapphire which weighs 100 grains in air, would have weighed 76 0 in water; a spinel 
ruby of 100 grains would have weighed 72‘3 in water, and a Silnrian tourmaline of 
ioo grains would have weighed only 69 grains m water. The quality of the stono in 
question is, therefore, determined beyond all dispute, and the purchaser may be thus 
protected fh>m fraud. See I>1 imonu, Rnnr, &c, 

GEMS, ARTIFiriAL. These are glussea, the matiriml of which they arc com- 
posed bidng called Sirass. 

StraiSf the iiaste or glass which generally forms the principal iniitredient of tnii* 
tatiou gems, is calleil afUT the name ot a German Jea idler, hy whom ii was inveiitetl, 
at the commencement of the last centurv. It is eomponed of siliea, potash, borax, the 
various oxides of kNid, and soiiw times of arsenic : cheiuically it may be regarded 
as a double silicate of potash and lead. 

'Phe silica may be funiished i ither hy rock crystal, white sand, or flint : but, uf these, 
the first is to bi' pi eferred, one of the principal considerations In thf se preparatioun 
being the extreme parity of the materials or ingredients cmployeil. In this iiiaiiu- 
fiioiure, whieh is of more importance, and attended with greater difficulty than most 
persous imagine, perfect success (independently of the choice of materials) depends upon 
the care taken, and the precautions to be observed. No crucibles should be used hut 
those which have been proved, both as regards their composition, their power of with- 
standing the strongest heat, and their impenetrability to the actum of metallic oxides. 

All the substances to be molted should be first pulverised, and even ground with thu 
greatest care. It should be remembered that the most ptTfcct mixture can only bo 
oM^eted by numerous siftings, and that a separate sieve should be used for encli in- 
giedieiit, and never be made to serve for different substances. When mixed, the 
mtitcrials should be melted in a crucible placed in the middle of a cylindrical hirnaee 
terminated in a dom<>, the heiglit of whieh should 7 feit 6 inches, and its diameter 
4 feet 3 inches. The fuel should conbist ab much as pos'nihle of thoroughly dry wood, 
chop|»ed \ery small. The melting should be effected by means of a heat raised by 
degrees, and then steadily maiiitaintHl, cs{)eciully at the mazimuni tem;>erature ; then 
when once (he melting has been thoroughly accomplished, whieh cannot be in IcbS 
than from twenty to thirty hours, the crucible must be allowed to cool very slowly. 

The art of imitating precious stones in paste has amazingly improved since the time 
of Strass, as was shown by the results of the great Varis exposition of 1855. I'he 
imitations, especially as regards certain colours, leave little to be desired ; but there 
is something still in that respect in which the imitation is iar from being perfect. 

Now that it is proved that the alkalies and vitrifiable earths are oxides ofthemotalH, 
all that has to be done to obtain the finest effects, is to combine them skilfully with 
other artificially prepared metallic oxides, which have undergone the process of 
vitrification. 

Ex|>eriments ought to bo made with all oxidisable and vitrifiable substances, with 
the different salts, fluates, phosphates, phosphoric acid, &c. 

The following are some of the mixtures generally known, but. it must be observed 
here that each artist has lus own processes, ingrcdicuts, and propr^tions. 


Mixtureb fir Strata, 



Hock crystal . - - 

nrsini. 

3306*2 

(Iraini, 

3007*8 

Oralui. 

2897*5 

Oralus. 

3007*8 

Minium - - - • 

White lead (pure) - - - 

5280*8 

5641*0 

4231*25 

HE 

n 

Potash (pure) - - - 

1804*77 

1044*0 

1625*15 



Borax - - - - - 

232*1 

305*0 

181*28 

301 


Arsenic - - - - 

10*18 

10*18 

5*09 


m 


Common Strata. 

Litharge, 77'IG ; white sand, 57*73 : potash, 771. 

5lraaf Douhaut^Wialand, 

Sifted rock crystal • - 2807*5 | Peutoxide of arsenic * • 4*02 

Boracieacid - - - 161*18 Potash (purest) - • 1608*00 

Minium (purest) - - 4451*87 | 
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Eng^tMh Strau* 

Oftlolnfd fliiilf • . . 962*5 | Caldned bonii ... 361*9 

Pun* potash - . - 481*25 | Fine white load - . - 120 89 

Sirau Jia»tfnair$. 



1. 

2. 

3. 

1 

w 

5. 

White sand treated n ith hydro- 

Cralnt. 

Oraliia, 

(irainc. 

CSrdliii. 

OraiPf. 

chlorie acid ... 

1543*23 

1.543*23 


385*8 

.385*8 

Minium, first quality 

616 

2156* 

■gVil 


N48*6.5 

White potash, well calcined • 

370 32 

493*76 



154*32 

('alcinfd borax 

Crystalliaed nitrate of potash 

308*64 

185*16 

“ - 


12.3*45 

(nitre) 

185*16 

. . 

123*44 

. > 

77*16 

Ptf roxidc of manganese - 

61*7*2 

- - 

- - 

1.54 32 

- - 

Deiitoxide of arsenic 

• • 

0*26 

“ " 

23*15 

• ■ 


ViaiouaLT roti(>rRt.D ffraiM. 

7'opaz: Ao. 1 . 

Whitest strass, 842*079 } glass of autimonyf 36 *421 ; purple of Cassius, 0-73S. 

Another, 

Whita load of Clichj, 771*6 ; flints calcined and pulverised^ 771.6. 

Another. 

White sand, well dressed - 1543*23 I Oxide of silver • . • 77 16 

Borax, calcined • - 138*88 Calcined potash ... 493*76 

Minium .... 2237*64 | 

Sapfthirt: Whitest strass, 3858*087 ;* pure oxide of cobalt, 57*708. 

Ihttot another. Very 6ne strass, 481*25; purest oxide of cobalt, 1*607. 

AfNeroM, No. 1. Strass, 38,58.087 *, pure green oxide of copper, 3.5*643 ; oxide of 
chrome, 1*697. 

Jhttof ordinary. Strass. 7716*174 ; acetate of cop])er, 61*11: oxide of iron, 
18*731. 

Difhi.* another. Strass, 481 *25 ; oxide of copper precipitated from the nitrate hj 
potosli, 334 45. 


NwERaLDs {BQBtenaire). 






1. 

2. 





Oralni. 

Graini. 

Well washed sand 



. 

154*32 

154*38 

Minium ... 



. 

231*48 

231*48 

White potash, calcined - 



• 

46*20 

77*16 

Borax, calcined - 



. 

30 86 

30*86 

Yellow oxide of antimony 



.. 

7*71 

. . 

Pure oxi<M||fcol»lt • 
Creen oxionf chrome - 



• 

1*54 

• • 



- 

- ■* 

8*85 

I 

^ Ametbvst {BrtMtenaire'). 





Pale. 

DiWp coloiin'd. 

' 




Oralnt. 

Oralni. 

Strass ... - 

. 

• 

- 

7718*17 

3858*08 

Oxide of tnangawMi* 

Oxide of cobalt - 

- 

- 


20*39 

0*848 

36*55 

90*39 

Purple of CasKos - • 

• 

• 


- - 

0*848 
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/ii/Namarme. 

StruM, 29n 50, (iIrm of aniimoti}, S<V370 Oxide of cohiU I 30) 


Sifnan Gantei 



1 

3 


Orulm 


Strass 

437 bll 

484*35 

(ilaiis of anfiitiony -- 

316BI) 

• . 

Pdipli* of (^SMins • - - - - 


3*150 

Oxide of mangunr^^ - - - - 

1 m 

• 


Otumattonn Tor topay, ho 1, tbe clearest and nuxt transpirtiit pliiss of iiriti 
iMony should lx* used Frequently tins mixture only yiilds an < paqu<' niuii, trans 
liuinton the ed^res, and transniutnif; in thin fmgmicits a rc i colour «heii hi Id 
ludween the eye and the light in that ease rubies may be made of it 
'lo make them, a portion of the topaz material ts taken, and mixid with eight parts 
of fine straas these are melted in a Hi sstan crucible for thirty hours in a potter s 
fiimsce, and the result is a biautifUl yellow glass-like strass, which, win ii cut^ pro- 
diu 4 s an imitation of the finest oriental rubies 

These may be made of another tint by using the following proportions — 

Strass, 3411 2) I oxide of mauganisc, 61 dlO. 

In the emerald No I, by increasing the proportion of chrome or oxide of coppi r, 
and mixing with it oxide of iron, the green shade may be vaiied, and the peridot or 
deep tinted emerald may he imitated 

The maniifacture of artificial gems has acquindan extreme development , iromensi> 
fictories are established at Siptmoncal in the Jura, furnishing employroiut to more 
than lOU work people, who pioduce fabulous quantities 
Many ingenious persons lu Fans vie with one another in bringing topirfietion the 
moat perfect processes, and produce truly surprising results M Suvary ispi< lally, in 
Ills magnificent collections, and his perfect imitation of celebrated diamonds, has 
arrived at a degrcMi of excellence which, apparently, can scarcely be surpassed. 

We base alluded only to those imitations of gems in glass of which alar^e portion 
of the cheap jewellery IS formed Some very successful attempts base been made to 
manufacture true gems by an artificial process M Kticimrn has done much in this 
direction, and M. Henri Sainte Claire DiviUe and M Henri ( aron communicated to 
the Academy of Sciences of Pans, in April 185H, a prooiss which they had discovered 
for the production of a number of the gems which belong to the corundum class as the 
ruby, sapphire, &c Essentially, the process consisted in exposing the fiuonde of 
aluniinium, mixed with a little charcoal and boraetc acid, m a black lead crucible, pio> 
tected fh»m the aotioo of the air, to a white heat for about an hour For detaiLi of 
the process see Comptea lith Annalea dr Chamir 
GENAPPE. A Worsted yarn used in the manufketure of fringes, braids, Ao, 
From Its smoothness it combuiis very rcadilv with silk 
GENEVA. A grain snint fiavonred with jumper berrloi, mannfketured extensively 
in Holland t hence it » ftvqacntly called Hoixanim 
GENTIAN GrnUrma luira The coromoo or yellow gentian, which is said to 
owe its name to GenUus, king of lllyna, who introduced it as a medloins about 170 
years before Chnat 

The roots of the gentian are eolleeted and dried by the peasants of Switserland, 
the Tyrol, and in the Anverpe 

The bitter of the gentian is agreeable and aromatic t it is mi|hh used In medicine, 
and baa on coma occasions been employed instead of hope in beer 
GEOCRONlTEb A native snlphantimonite of lead ftvmi the silver mines of 
8ala in Sweden. It appears to rceemble XiLnaicasHiTB, which eec. 

GEODE. A mud^ nodule of stone, containing a cavity usually lined with 
crystals Gsodss frequently consist of agute, ealcedouj, Ac 
GEOGNOSY, yfi, the earth, and yewetr, knowledge, ^means the seicnee of the 
sttbsla ncs e which compoee the euith*s umst It originated with the Germau mine* 

, the earth, and Adyet, a discoufse The scicnee which treats of 
t^stmctuie of the earth, and of the cunscs which have produced its present physical 
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r.ERI1ARI>T'H ANHYDROUS ACETIC ACID. See Acetic Acid, andnfer 
to “ UiciionEry of ('hemiHfry.” 

OKKMAN HliAC'K. Roc Frankfort Rtici. 

<;KK M A N SILVER. Si'd Ali.c)Y and Coi»i»i.ii. M. Oorirlorf, of Vit-nna, utntps th.it 
thi‘ proportion of the metuls in thii alloy should vary according lotht* mm for which 
it IS doNtinHl. When iiitciidfd us a substitute for silver, it should lie eompoHul of 
SI.1 parts of nickel, 25 of cmc, and 5D of cojiper An alloy better adapted for rolling 
eonsists of 25 of nickel, 20 of sine, and CO of eoj>pcr. Castings, such us eandIcHtieks, 
bells, Ac., mny be made of an alloy, consisting of 20 of nickel. 20 of zinc, and oo of 
copper ; to which 3 of lead are added. The addition of 2 or 2 J of tmn i in the blinfie 
of tin piste ?) renders the alloys much whiter, but, at the same time, harder and 
more brittle. 

Kcfersteiii has given the following analysis of the gcniiioc German silver, as made 
from the original ore found in llildburghausen. near Suhl, in Ilcnneberg:- 


('’opper 40-4 

Niekel .'Ilti 

Zinc 2.*) 4 

Iron - - - 2 0 


11)00 

<'bim*sc pakfong, a wliite alloy, according to the same authority, consists of .'i jinrts 
of copper, ullo}ed with seven p.irts of nickel, and 7 parts of zinc. 

The best alloy for making bearings, bushes, and steps for the hteel or iron gudgeons, 
and pivots of machinery to run in, is said to consist of 90 parts of copper, 5 of zine, 
and A orantimonv. 

GERMAN S’J'KEL. A metal made of a white iron in forges where charcoal is 
employed, the orew uscfl lieing cither hog-iron ore or the sparry carbonate. 

GERMAN TINDEU. See Amadou. 

tiERMAN YEAST. See Ykast. 

GEUMIN ATlON. (Eng. and Fr. ; Das A'riWn, Germ.) The first indication of 
vital force in the embr\o plant. The seed being placed in the soil, a proper tern- 
(H*rnttm* existing, and a due quantity of water being supplied, a chemical action is 
established, and heat is deve1op(>d. In fact, a slow combustion takes place, during 
which oxygen is com\>iiu*d with carbon, and carbonic acid is liberated. The starch 
of the grain, by Uie pna'css of germination, is converted into sugar by taking into 
coinhination one e(|uivnlcnt of the elements of water. While this operation is 
progressing, the embryo enlarges, sending down its root radicle into the soil, 
and forcing upwards, towards the light, the cotyledons or leaf lobes, and the 
plumule. 

These phenomena of the coinmeneement of vegetable life can be well studied in 
the proeess of Mai.timu, in which the barley, by the conversion of its starch into 
sugar, becomes malt. 

The direct action of sunlight is injurious to the gemiinatiDg iced, consequently it 
is a law of natim« that a dark soil should be the bed in wUeh this remarkable opera- 
tion commences, and is continued, until the first leavea appear above the soil. In 
the process of Maltino (which see), care is taken that floors upon which the 
germination is established are Init dimly illuminated. 

It has been proved —the discovery having been first made by the editor of this 
Dictionary— that Ltj/Af separated by means of ab«(orl>ent media fh>m the chemical 
power {Arfintsm) of the sunbeam entirely stops germination, whereas the dark 
chemicul rayuj^ve the power of quickening germination, even when the seeds are 
placed at a cdKderaUe depth bciioath the soil As these experiments are tardy 
repeated, and as even in the most recent ohemical publications. Watts* ** Dictionary 
of Chemistry *' amongst others, they are not allud^ to; the old and in every way 
. uiieertain experiments of Sausaure bamg adopted, it may be well to state the eimple 
form of experimout by which the fket mgy be proved. 

Take a piece of gltse stained yellow with silver ; aaoertain that it is so, by ex- 
posing a little chloride of silver behind it, to sunshine. If the chloride of silver docs 
Dot darken, the glass is of the right kind, all the chemical rays are cut off. Take 
another pUme of glass of the deepest blue that can be obtained, the blue being die 
roult of cobalt. In the first we nave a glass, through which the solar light passes 
freely, but it pri vents the permeation of the chemical rays. In the second we 
liAvc a nuHlium which is traversed ffwely by the chemical rays (Actinism) but very 
little light is admitted. Place such pieces of glass over a box of earth, in whkh 
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are planted an eqnal number of leedf, at tbe aame depth ; all the circiunstanceii, as it 
regards molstuit* and temperature, bei^ the same. The seeds under the blue glass 
isill germinate irith extraordinary rapidity, the aaeda nader the yellnw glam will not 
germinate at all. See ** Researches on Light,'* and papcif in the RtparU of tho 
lintihh AMociation on '* The lodaenee of Light ot| the OrowtU of Plants, fro,** by 
HolKTt Hunt. The following letter fVotu Mr. Charlva Lawsuo, qf Edinburgh, has 
practically settled this ini|>ortaot discovery. 

•* My dear Sir, -I am hivoiirsd with yoors the 5th, relative to ny praotloal 
experience in Um elfeot of the chemical ageney uf ouloared media on the geniuoatkMi 
of seed! and the giowth of plants. 

** J most firai explahi that it is oiir practice to test the germioating powere of all 
seeds which come into our warehouses before wr send tbim out mr sale; and of 
coiime it » an object to discover, with as little <W!ay as possible, the extent that the 
vital principle is active, as the value comei to be depmiaied in the ratio U is found 
to be dormant. For insunce, if we sow 100 seeds of any tori, and the whole geniii- 
iiate, the seed will be the highest current value ; but if only <Jo gertninaie, itn value 
is lu per cent. 1cm , if 80, its value falls 20 pir eeut. 

“ I merely give this detail tu show the practical valve of this test, and the infliieucu 
it exerts on the fluctuation of pricca. 

** Onr usual plan formerly was to sow the seeds to bo tested in a holhed or frame, 
and then watch the progress and note the results It was usually fhnn right to 
fonrteeu days before we were in a oonditUm to decide on the commercinl value of the 
feeds ttoder (Hal. 

atti'ution was, however, directed to your excellent work On the Pht/Aual 
Pkenemomo oj Mature, about five years ago, and 1 resolved to put your theory to n 
practical test. 1 accordingly had a case made, the sides of which were formed of 
glass coloured blue or indigo, which case 1 attached to a small gas stove for en- 
gcuderiug heat ; in the case, shelves were fixed in the inside, on which were placed 
small pots wherein the seeds to be tested were sown. 

** The rcNults were till that could be looked for { the seeds fively germinating in fhim 
two to five days only, instead of from eight to fourteen days as b^oro. 

“ I have not carried our experiments beyond the germination of seeds, so that I 
cannot afford practical information as to the effect of other rays on the after culture 
of plaiitx 

** 1 have, however, made some trials with the yellow ray in preventing the giTiiii- 
nation of sUds, which have been fuccemful ; aod I have always fouud the violet ray 
prejudicial to t^ growth of the plant after germination. 

** I remain, my dear Sir, very fhithfully yours, 
**Chaiiles Lawson.'* 

** To Robert Hunt Esq.** 

(■I'ROPIG A. A factitious liquor, imported ftom Portugal and used in thia country 
for the adulteration of wines. It is sometimes spelt Jbxvpioa. It app«*ars to be n 
compound of unfermented grape Juice, brandy, sugar, and colouring matter. This 
compound is used even more extensively in the United States than in this country, — 
iM^Culloch.) 

GIG MACHIKLS, are rotatory drums, mounted with thistles or wire teeth for 
teixling cloth. See WodLLLM MiMurACTCiKB, 

GILDING, (Dorare, Fr. ; VergoUung, Germ.) This ait consists in covering bodies 
with a thin coat of gold, which may be done either by mechanical or chemical meaus. 
The mechanical mrae is the application of gold leaf or gold powder to various sur- 
ftces, and their fixation by varioua meant. Thua gold may be applied to wood, 
plaster, pasCehosid. leather; and to metals, such as silver, copper, iron, tin, and 
bronae; so that gilding, genermUy speaking, includes aevenl arta, exercised by very 
different classes of tradesmen. 

L Mncranicai. Gildino. — Oil gilding Is the first method under th'is head, as oil 
is the fluid most generally used in the opentioD of this mechanical art Tha ftdlow* 
ing proccM has bm much extolled at Paris* 

1. A coat of laqMwitioa is to be given first of all, namely, a coat of whita lead paint, 
made with drying Itnaeed oil, containing very little oil of turpratina. 

2. Calcined eemae is to he grouDd very well with anboiled lunaed oil, and lempmd 
with cMence of turpentine, in proportion as it is lb.J on. Three or foim coats A thia 
hard awl are to he applied evenly on the ornaments, and tha pant which art to be 
mostearcfiiUy gilded. 

8. The OM eokmr is iben to ba SBMiotlilv ^ied. This is merely thedrege of tha 
eoloonbgroiuidaad tempsvadwilhoi4whicniwmaiaintheUtttediiikkwUckpaiBlaff 
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their bru«lu‘N. Thl* fubitancv ti extremely rleh uid gluey ; after Iwing ground 
up, and p«Mwl through fine linen cloth, it fonni the groond for gold leaf 

4. When the g(»ld colour ie dry enough to catch hold of the leaf gold, this is spread 
on the cushion, cut into pieces and carefully applied with the pallet knife, pressed down 
with cotton, and on the small ornaments with a fine brush. 

ft. If the gildings ho fur outside ext)osun% as Imlconies, gratings, statues, &c., they 
must not lie rarntshed, as simple oil gilding stands better; ror when it is varnished, a 
bright siiu-lK^aiii acting after heavy rain, gives the gilding a juggl'd appeuraiieo. 
When tho objects arc inside ones u coat of spirit varnish may be passed over the gold 
leaf, then a glow from the gilder V ehafitig dUh may be given, and fiualiy a coat of oil 
varnish The workman who eutises the chafing dish to glide in front of the varnished 
aurfiice, must avoid stopping for an instant opposite any {toiiit, otherwise he would 
cniise the varnish to ImuI and blister. This heat brings out the whole tiansjmrency 
of the >arnifh, and lustre of the gold. 

Oit (Sihlmg in ciiipliwed with varnish polish, n})on equipages, mirror-frames, 
and other furniture. The following method is employed by eminent gilders at 
Wiris ; — 

I. White lead, with half its weight of yellow ochre, and a little litharge, arc sepa- 
rately ground very fine ; and the whole is then tom|iered with linseed oil, thinned with 
essence of tur|K*tiline, and applied in nn evenly coat, called mprejutitm. 

8. When this coat is ipiite dry, several coats of the hard tint are given, even so 
many as 10 or 12, should the surface require it for smoothing and filling up the pores. 
These coats are gi\cii dail}, leaving tlieiii to dry in the interval in a warm sunny ex- 
posure. 

.1. When the work is perfectly drv, it is first softened down with pumice stone and 
water, aftorwaids with worsted clot* and very finely |K>wdered puiniec, till the hard 
tint give no reflection, and lie smooth ns gloss. 

4. With a eamels hair brush, there iiiiist l>e given lightly and with b gentle 
heat, from 4 to ft coatt at least, and even sometimes double that number, of fine Inc 
varnish. 

ft. >Mien these are dry, the grounds of the pannels and the sculptures must be first 
])olished with shave-grass (de la prile) ; and next with putty of tin and tripoli, tein}H‘red 
with water, applied with woollen cloth; by wbicli the varnish is polished till it shines 
like a mirror. 

6. The work thus polidiid is carried into a hot place, free from dust, where it re- 
ceives very lightly and smoothly, a thin coat of gold rahtur^ much softened down. This 
«0at is |Missedover it with a clean soft bruith, and the thinner it is the better. 

7. Whenever the gold colour is dry enough to take the gold, which is known by 
laying the hack of the hand on a corner of the fruinc work, the gilding is begun and 
fiiiishivl as usual 

8. The gold is smoothed off with a very soft hrush,one ofoamers hair for example, 
of three fingers' breadth ; after which it is left to dry for several days. 

0. It is then varnished with a spirit of wine varnish; which is treated with the 
ehafinff dish as above described. 

10. When this varnish is 4ry, two or three coats of copal, or oil of varnish, are ap- 
plied, at intervals of two days. 

I I. Finally, the pannels are polished with a worsted cloth, imbued with tripoli and 
water, and lustre is given by friction with the palm of the ^nd, previously softened 
with a little olive oil, taking care not to rub off the gold. 

In this country, Burnitktd ffilding is practised by first giving a ground of sixe 
whiting, in several successive coats ; next applying gilding sise ; and then the gold 
leaf, which is burnished down with agate, or a dog's tooth. 

Gilding in dit^m^ of the French, Is the same us oar burnished gilding. Their pro- 
cess seems to beWy elabottteb and the best consists of 17 operations ; each of them 
said to be essential. 

1. Encollagc^ or the Gbie coa/. To a decoction of wormwood and garlic in water, 
strained through a cloth, a little common salt, and some vinegar are added. This com- 
l^ition, as being destructive of worms in wood, is mixed with as much good glue ; 
and the mixture is spread in a hot state, with a brush of boar's hair. When plaster or 
marble is to he gilded, the salt must be left out of the above composition, as it is apt to 
attract humidity in damp places, and to come out as a white powder on the gilding. Bnt 
the salt is indispensable tor wood. The first glue coating is made thinner tl^ the 
siH'ond. 

8. \\%te pranration. This consists in covering the above surfhee, with 8, 10, or IS 
coats of Spanish white, mixed up with strong sisci each well worked on with the brosh, 
and m somcmeamire incorporated with the preceding coat, to prevent theic peeling off 
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3 Sioppmg up iht porti with thick whiting nnd glne, and tmootbUig the surfkce 
with ting «kiD 

4 Poliihing the surfaei witli pumiit ttoik iimI ver} ovld water 

5 JiffHtratum in which a ekittiil artiit rt tnuchee the whole, 

6 ( Uununq; with a damp lim u rag and then a uttt Htamge 

7 J hi» m rubbing with born b tail (ahate pruw) tne j arte lo be jrellowed, 
in ordtr to make tluni Bnfiti 

8 YtUw inif ^ ith thiB vn w gifUou m krt ta t an fVillj groend in watert and nUt d 
with tranipnn ut tolourkiw «Ui I h< thiniur pan t thie mratitre in applusd hot ovtr 
the white Builaee with a flni bruah ahtch givea it a 8oe yellow hue 

9 rngratwruf lontteU in riibl the whole work wit|j^Bba\e graae, to remove an> 
granular apiieuia x e 

10 ( oat rf (MAif tiB , irtmher eaat 1 liii in the eompofition on which the gold iito 
bt hid It IB coni|Nwed ol Ai unman bill Ipounl bloodeiimi (hefnititr) iouncin t 
and OB miuh gakr x cwl vet auk ly ground in water 'the whoh ate th u mixid 
togithir, and ground up with about a h| >nful of uhvi oil 1hi anitxeUt wi I made 
and applii I gi^ts heautv to thi gilding Ihc ahmitt » umprrid with a whtti Bheq 
Kkin gluf vii> iltar and will Htrain I Ihia luixtun im htuted ind apilud in thicc 
BureiSMtve c tatii« with a ^irv hut It ng liain I bniMh 

11 with a puce ofdiy dean linin doth ixccpt tht pittB to Ihl hur 
nitohid, which aie to ituivt othii two c ntB of UMurfre tciiipirtd with glue 

13 iuldinq f he surfuce luiiig daiiipid with cold water (icid in tinniimr)huh 
thtn tlu gold kat applkd to it 1 in hollow gmundM must alwiyn lie f^diUd IhIoio 
til proiniiKit lartB Wakr ib diBttrtmMly B||i(d by a suit briinh iiiiiiii dint ly 
behind ihi guhl Itaf hiftri la>iiig it d« wn w tilth makes it lie siiio tin r Any 
cxciBB of w It 1 IB then rtni vtd with a dry brush 

11 Burnishug with 11 hi It m 

14 J} t i a f list 111* in laBBiiig a thin coat of (,liie Klightly wanned ottr 
tht parts th it are not to be bunnshid 

15 Menhnq ihit is lit latciung any broke u pQintB with a hnub and ap[ 1} ing hits 
f f ^ )l 1 leaf to them 

lb f he ttrmni c at Vermeil m a 1 quid whidi givcb lustre uiul Arc to tlu gold 
and niskts it itscinbh ot moula It is c imposed us follows 2 oiintcs of aniiotto 1 
4 line of guiiihog 1 ciiiiec oi scrroiiiou hilf an ounce of dragon s Mood i oinites of 
halt of turtir and 1H giainsof aalfron arc boded in a litre (2 pints 1 nglish) of water 
o\cr a sl( w file till the liquid be riduced to a tonrib I he whole is then jassel 
tin ugh I Bilk or innslin sieve A little of this is made to glide li(.htly over the gold. 
With a ve I V soft, brush 

I" Jf panutfi , ih pushing ovci the dead surfaces a second coat of deadciitug 
glu whidi must be hotter than tbi brat Ibis finishes the work, and gives it 

SlK ligth 

lAuf ytUing on paper or vdluni is done by giving them a eoat of gum water ni 
fine hist, applying the gold leaf ere the surficea be haid dry, and burnishing with 
agit 

Ot4 1 letturtug^ on hound hooks, is given without sisi by lay mg the gold leaf on tbo 
leather and inipriutii g it « ith hot brass tvpes 

i lie ulgra the h i s ft /i cirt gthlut wl lie they are in the press where they 
ba^e been cut siiiootb by i]] ^ ^g a solution of isinglass 1 1 hpirits and laying on the 
gold when the edges are in a proper sUte of dryness llic (reiich workmen employ 
a ground of Armenian bole mixed with powdered sugir catid^, by means ot white of 
egg This ground is laid very th ii ufon the edgih after fine siae or gum wati r has 
been applied, and when the gi^u 1 is dry u » rubbed smooth with a wet rag, which 
moiHtei s It sufficiently to tak« the gold 

Japauum gthUm is done by sprinkling or daubing with wash leather, some gold 
powder over an o I sixed surface, mixed with oil of turp« ntine 1 his gives the appear- 
ance of firoiti'd gold 'I he gold powder may be obtained, citbi r by precipitating gold 
from Its solution m aqua rtgia by a solution of pure sulphate of iron, or by evaporating 
aw iy the mere ury from some gold oniulgim 

II C HUiicAL OtLOUco, or the application of gold by chemical affinity to metallic 
■111 fact a 

A eompound of copper with one seventli of brass is the beat metal for gilding on , 
copper by itself being too sfift and dark coloured rdinar^ brass, however, answers 

very well We shall describe the proeesa of wash gilding, wtib M D*Aitft*a late im- 
provemeots, now generally adopted in Paria. 

If esA otidijiy eoDsista in applying evenly an amalgam of gold to the snrfkee of n 
copper alloy, and dissipating the merenry with beat « ms to leate the gold fibn fixed, 
*tht surface is afterwards Immisked or deadened at pliasuru 1 be gold ongbt to be 
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qnite pnr#, aadliniiialedto faeilttatc iu combiimtioii witli Ibemeraurjr \ which ibiHild 
ali() 1 n> purr. 

J*re/MrniiAH of the amalaam . — After weighing the fine gold, the workman puts it in a 
criKMhle, and aa wjon aa tliia bceomca fhintly red, he poura in the reqniaite quantity 
of fiierniry } which ia aliont H to 1 of gold, tic atira up the miituro with an iron rod, 
Umt hookwiaeat the end, leaving the crucible on the ftretill he pcrceivca that all the 
gold ia diMolved, Ho then ponra the amalgam into a amall earthen dish containing 
water, waahea it with care, and aqiieeaea out of it with hia fingers all the running mer- 
cury that he can. The amalgam that now remains on the sloping aides of the Teasel 
iM HO pasty us to preserve the improRaion of the lingers. When this ia aqueesed in a 
Khamoy leather bag, it gives up much mercury ; and reinaina an amalgam, consisting of 
about 3.1 of mercury, and 57 of gold, in 100 parts. The mercury which passes through 
the liag, under the pressnre of the fingers, holds a good deal of gold ia solatbn ; and 
is employi>d in making fresh amalgam. 

l*rfparati<m oftho merturial aolutwn —The amalgam of gold is applied to brass, 
tiiroiigh the intervention of pure nitric arid, holding in solution a little mercury, 

100 parts of mercury, and 110 parts by weight of pure nitric acid, specific gravity 
1 '.1.1, are tu be put into a glass matrass. On the application of a gentle heat the mer- 
cury dissolves with the disengagement of fumes of nitrous gtis, which must he allowed 
to escape into the chimney. This stilution is to lie diluted with about 2.1 times its 
weight of pure water, and liottled up fiir use. 

1. Anofahny. — The workman anneals ihc piece of bronse after it has come out of 
the hands of tiie turner and engraver. Ho sets it amon^ burning charcoal, or rather 
fieats, w liich have a more equal and livoty flume ; covenng it quite up, so that it may 
he ovkIhihI os little as [HMSible, and taking can* that the thin parts of the piece do not 
hccoine hotter than the thicker. Hiih ofierution is done in a dark room, and when he 
MH>N the piece <if a clu^rry red colour, he removes the ftiel from about it, lifts it out 
with long tongs, and sets it to cool slowly in the air. 

2. 'J‘hc dmtpaqc. — The object of this process is to clear the surface from the coat of 
oxide which iiiuy have formed upon it. Thu piece is plunged into a bucket filled with 
extremely dilute sulphuric acid \ it is left there long enough to allow the coat of oxide 
to lie diSMdved, or at least loosened ; and it is then rubbed with a hard brush. When 
the pieee becomes |>erfectly bright, it is washed and dried. Its surface may, however, 
Ik* still a little variegated *, and the piece is therefore dipped in nitric acid, specific 
gravity 1 3.1, and afterwards rubbed with a long-haired brush. The addition of’ a 
little coininoii salt to the dilute sulphuric acid would probably save the use of nitric 
ncid, which is so apt to produce u new coat of oxide. It is finally made quite dry 
(aftt*r washing in pure water), by being rublied well with tanners' dry bark, sawdust, 
or bran. The surface should now appear somewhat depolished ; for when it is very 
smooth, the gold does not adhere so well. 

3. Apphentum of the amalyam, — The gilder's eeratch-hruah or pencil, made with 
fine brass wire, is to be dipped into the solution of nitrate of mercury, and is 
then to he drawn over a lump (xf gold amalgam, laid oo the aloping side of an earthen 
vessel, after which it is to be applied to the surface of the brass. This process is to bo 
rt*peated, dipping the brush into the solution, and drawing it over the amal£|am, till the 
whole surface to be gilded is coated with its just proportion of gold. The ^eoc is then 
washed in a body of water, dried, and put to the fire to volatilise the mercury. If 
one eoat of gilding bo InsufiloieDt, the piece is washed over anew with amalgam, and 
the operation recommenoed till the work prove satisihetory. 

4. VciaUlUaiim of the moreury, — Whenever the piece is well coated with amalgam, 

the gilder exposes it to glowing charcoal, turning it about, and beating it by degrees 
to the proper point ; he then withraws it from the flr<S long Queers, and, 

seising it in hi|||ft hand, protected by a stuffed glove, he tarns it over in every di- 
n*ction, rubbil^nd striking it all the while with a loDg-haired brush, in order to 
equalise the amslgam. He now restores the piece to the fire, and treats it in the same 
way till the mercury be entirely volatilised, which he recognises by the hissing sound 
.of a drop of water let fhll on it. Daring this time he repairs thedelMtive spots, taking 
care to volatilise the mercury verv slowly. The piece^ when thoroughly coated with 
gold, is washed, and scrubb^ well with a brush in water acidulated with vinegar. 

If the piece is to have some parts burnished, and others dead, the parts to be bnr- 
nished are covered with a mixture of Spanish white, bruised sugar-candy, and gum 
dissolved in water. This operation is calledin French epargner (proieciing\ When the 
gilder has protected the burnished points, he dries the peoe, and carries. the heat high 
enough to expel the little mercury which might still remain on it He then plongW 
It, while still a little hot in water acidulated with solphurio acid, washes it vks it 
■nd gives ii the burnish. 

ft. The 6iirnieA is given by rubbing the pieee wHh bnmishers of hsmatito (Wood- 
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•tone) The workman dip* hit kuminhcr in water tharpeiied with wuirgar, and ruha 
thi puii ulwa>fl in tlu bu ic diutiitm bathwarda and fwward«» till it exhibita a tiua 
polibh, and a <onipI«ti mttuUu lustre Ifi then waabea U In oold water, dnea U wuh 
hnt liniD cliith, and concludes the oper tiioii by diylng U alowly on a g^ing plaeod 
above a ihafin^ dish of buiuma < harcoal 

Q 'Ihi A IS giv< 11 as iollowK The pnee rove ltd with tlu f>fnterfMNi on thoae 

puts that nrt to Ik burnish d, iR Utjth d with an iron wire to tht end of an inm rod, 
and IS htaUMl Mion^rt^ mi as to gi\« a brown hue i the by iti partial earbon- 

iMition I lu uildtd puct aitMinaa thus a hue t ii d gold, and u ntxt eoaled over 
with a inixtiiii. nt m i salt, iiilrt nni al iiti fuaed in ih waur of oryatalltaation of the 
1 itu r s lit 1 ht I u i i« now rt Uort d to tbu fire, and heatad till th« aaline enat whub 
<ov( It btioiiiis I oinoirtnous, mailt trani.parint, uid lOlers into tine fbaioii. It is 
tliM (ukfii liom th« fire and «ndtUti)\ |liin|pd int> ( dd waiei whub aepiratei the 
Ml I trust ( irrtni),^ away t.\in tlu not ol ptrtfn^ Thr puce i* lastly passed 
through sir> wtuk nitric mu waslod in a urt it ImwIs ot waUr, and diitd by ex- 
t III « itlu r to iht air, over a drying at isc, or with cUaii hmu c'otlui 

7 (>/ ot mvilu toii tr W lull It IS dtsii^ to put a piece of gilded lironse into or- 
m uln colour it mnst lx hss scrubbt'd with the acrutth hrusb than usual, and made to 

i It hncK a tuH by ht i iiig it nion str n/l> than if it wt le to be lU ulciicd, and allow- 
ing it then ti V. olalitiK Ihe ot i/iott/ti toltMiring la a mixture of hematites alum, 
and sea salt Thit niixiurti is to lx thmiud with vine gar, and applied wuh abruah so 
a^ to e( etr the gild<.tl brass, with rt erst ot the btiniished parts Ihe piece is then 
put on gIowtn,t <^o<ihi* urged a little by tlu b llows, and allowetl to beat till the colour 
b gitiH tu blif n 1 hi put t ought to lx so hot th it wuti r sprinkled on it may cause 
a hissing noise It is then tiken tiom tin file, plunged into cold water, waalutl, and 
IK \t iiihlHd u ith n hrubli dinptd in viii(gai,it the jiicee Ixi anicMdh, hut if it be 
I h isid wt k Tim 11 aeid ii ii*u Ik used In either easo, it iiiiut lie finally washed m a 
I oh ot p lie w 111 1 till 1 drle 1 oeer a gentle lire 

8 Of te i tjold cititntt — 'I o gie e this hue the piece* afte r Ik inp coated w ith amalgam, 
ind bested, is in this hot stiUi ti be suspmde I by un non witp, and tempeied with 
^hi comp iHiuon known under the iiaiiii e>l gihlers wax , made with yellow wax, red 
ochre, seidigrts, ami alum In this state it *s prcseiiied to the fiame ot a wooel file, it 
heated stiongU and the eeimbustion of its coating is fasouied by throwing somedrope 
ot tlu wax niixtuic into the burning tuel It is now turned round and round ot< r the 
file, so that the fl inu in ly act ce|ually When all the wax of the colouring is bmoid 


uw I) , and w lie n tin fi line ■ — — , , 
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linen doth, and finally | I * ^ I n I 
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gr**at c)i'nin«»v • of the forge, and which it tonuinated by a tnmmU pipe riting 2 or 3 
yanln nluive tnifi contraction. 

II. I'orgf for annealing Che pit cat of broiixe; for drying the gilded pieeea, Ac. 

c» Chitnocy of communication between the annealing forge a, and the apace i> htdow 
the forge. Thia chimney aervea to carry the noxioua fhmea into the great vent of the 
fad or V. 

ir. Ilucket for the brightening opi*ration. 

A, Forge lor paa<*ing the amalgam over the piece. 

K. Shelf for the brimhing operatiuna. 

a n. (h>al cellama. 

o. Forge for the deadening proeesa. 

o. Furnace for the aame. 

M. An opening into the furnace of oy>;ie/, by which Tapoura may be let olT fhim any 
opi>ration b^ taking out the plug at m 

I C*aak in which the piecea of gilded brasa are plunged for the deadening proceta. 
1'lie vupoura rUiiig thence are carried up the general ehiinney. 

j j. ('aaeinent with glaaa piinea, which fier^ea to contract the opening of the heartha, 
wiihoiit oMtructing the view. The eaocnient may be rendered movable to admit 
larger ob.U'Cti. 

II n. t'urtaina of coarac cotton cloth, for closing at pleasure, in whole or part, oiieiir 
aeseral of the forgea or heartha, and for quickening the eurnmt of air in the plueca 
where the eurtniiia arc not drawn. 

q. <)|MiiiiTig almve the draught fhmnce, which servea for the heating of the poflon uu 
mat (dtudeuing nan). 

iStUUny an tmftthni iron and nifet. — ff a nearly neutral aolution of gold in muriatic 
acid lie mixed with aulphuric ether, and agitated, the ether will take up the gold, and 
iloat ahovi* (lie denser aeul. When thia aortferoua ether ia applied by a hair pencil to 
brightly poliahed iron or steel, the ether flies oif, and the gold adheres. It uiuat be 
fixed by polishing with the bumiaher. Thia gilding ia not very rich or durable. In 
fiict the afliiiity between gold and iron it feeble, compared to that between gold and 
eopptT or silver. But poliKhed iron, atecl, and copfier, may he gilded with beat, by 
gold leaf. They are first heated till the iron tukiw a bluish tint, and till the copper has 
attained to a like temperature ; a first coat of gold leaf ia now applied, wbioh is pressed 
gently down with a burnisher, and thcncxpt>bed to a gentle heat. Seroral leaves eit)ier 
anigle or double are thus applied in aacccsbton, and the laat ii bumiahed down 
cold. 

Mr. Klkington oblained ii patent, in Juno, 19.16, for gilding copper, brasa, &c., by 
iiitMiia of |KUuah or sola combined with carlKinic acid, and with a solution of gold. 
D.ssol V e. sa} s he, .*> ox. troy of fine gold in ,52 ox. avoirdapoiae of nitro-niurlatic acid of 
the following proportions: \ix 21 ox. of pure nitric acid, of spec. grav. 1 45, 17 ox. 
of pure iiiunaiie acid, of spec. grav. ri5, with 14 ox. of diatillcd water. 

'Die gold being put into the mixture of acidx and water, the^ arc to bo heated in 
a glass or other convenient vcaael till the gold iadioaolved ; and it ia usual to continue 
the application of heat after this if effeoted, until a reddish or yellowish vapour ceases 
to r.se. 

The clear liquid is to bo csrefikliy poured off fW>m any sediment which generally 
upiuMrs. and results from a frotU portion of silver, which is generally found in alloy 
with gold. 'I'he clear liquid is to be placed in a suitable veasel of stone ; pottery ware 
is preforred. Add to the solution of gold 4 gallons of distilled water, and 20 pounds of 
biiMrlNiimte of piqash of the best quality { let the whole boil moderately for 2 hours, 
(he mixture will then W ready for use. 

The articles to bf having been first perfhotiy cleaned from Male or grease, 
the) are to irfffruspupdud on wires, conveniently for a workman to dip them m the 
liquid, whicli^ kept boiling. The time required for gilding an^jr particular article 
will depend on oivnuillttnnoes, partly on the quantity of gold remaining in the liquid, 
and partly ou the siae and weight of Che article ; but a UlCle practice will readily give 
Mitlieieiit guidance lo thB workman. 

.Supposing the articles desired to he gilded be brais or copper buttons, or small 
articles for gilt tors, or ornaments of dress, such as earrings or bracelets, a consider- 
able uutnber of which may be strung on a hoop, or bendM piece of copper or brass 
ire, and dipped into the vessel containing the boiling liquid above deMribed, and 
moved therein, the requisite gilding will be generally obtained in frrom a fhw seconds 
to a minute t thia is when the liquid ia in the condition aWc described, and depend- 
ing on the quality of the gilding desired $ bat if Che liquid has been ni^ some time, 
the quantity of gold will & lessened, which will vary the time of operating to produce 
n given erfhet, or the colour required, all of which will qniokly be obeerved by the 
wurkiuaii ; and by noting the appearance of the articlee ftxHU time to timet he will 
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know when the desired objeet ii. obtained, though it la deeirahle to avoid m mueh aa 
possible taking the articlea out of the Ikiutd. 

When the operation ia conpleted, the workinaa perfectljr waahee the articlea eo 
gilded with clean water ; they nay then be aohniitted to the wnial prooeaa of 
colouring 

If the articlea be rant flgurea of aaimali, or othenriae of eonaiderable weight, oom* 
pared with the articles above mentioned, the time rrcinired to perform the prooeaa will 
bo greater. 

In case it is desired to produce wbat ia called a dead appearanee, it may be per> 
formed by several proceasea : the one uaoalty emptoyed la Id dead the articles in the 
process of cleaning, as practised by brass foradersand other tsades t it is prodaoed by 
an acid, prepared for that purpose, sold by the mahert under the term **deadiag 
aqiiafortia,** which is well nnderstood. 

It may also be produced by a weak solution of nitrate of mercury, applied to the 
an teles previous to the gilding process, as is practised in the process* of gil^ng with 
mercury, previous to spreading the amalgam, but generally a mneh weaker solution *, 
nr the articles having been gilded may be dipped In a solution of nitrate of mercury, 
and submitted to heat to expel the same, as is practistd in the usual process of 
gilding. 

eVU fddtng. Sixty grains of floe gold and 12 of rase copper are to be dissolved in 
two ounces of aqua regia. When the solution m eompleted, it is to be dropped on 
rU*aD linen rags, of such bulk as to absorb all the liquid. They are then dried, and 
burned into ashes. These ashes contain the gold in powder. 

When a piece is to be gilded, after subjecting it to the preliminary operations of 
softening or annealing and linghtenitig, it is rulmed with a moistened cork, dipped in 
(he above powder, till the surface seems to be sufflcieutly gilded. Large works are 
thereafter buiuishixl with pieces of hematite, and small ones with steel burnishers, 
along with soap water. 

In gilding small articles, as buttons, with amalgam, a portion of this is taken equi- 
valent to the work to be done, and some nitrate of mercury solution is added to it in 
a wotfden trough ; the whole articles are now pot in, and well worked about wiUi a 
hard brush, till their surfaces are equably coated. They are then washed, dried, and 
put altogether into an non ftrying«pan, and heated till the merenry bemns to fly off, 
when they are turned out into a cap, in which they are tossed and well stirred about 
with a painter’s brush. The operation must be repeated several times for a strong 
gilding The surfaces are finally brightened by brushing them along with small 
beer or ale grounds. 

For the processes of gilding by electro-chemical means, see Eubctbottpb. 

GIMP, or GYMP, a silk, woollen, or cotton twist, with often a metallic wire, 
but sometimes a coarse thread running through it; it is much used in coat-lace 
making. 

GIN, or Gfiuva, tnm GtHtrvn (juniper), is an ardent spirit mannfaetored in London, 
and other places, in great quantities, and ^voured generally with juniper berries. It 
IS also made in Holland, and hence called Hollands gin in this country, to distinguish 
It from British gin. The mstfrisls employed in the distilleries of fichiedam, are two 
puru of nnmalted rye ft-om Riga, weighing about 54 lbs. per bushel, and one part of 
malted bigg, weighing about 37 tbs. per bushel. The mash tun, which serves also as 
the fermenting tun, has a capacity of nearly 700 galloos, being about 5 feet in di- 
ameter at the mont^ rather narrower at the bottom, and 44 feet deep ; the stirring 
spparatus is sn oblong reciangnlar iron grid made fast to the end of a wooden pole. 
Ab<mtabarrel,«36 gallons of water, at a temperatore of from 163<> to Iggo (the 
former heal being best for the roost highly dried rye), are pot into the mash tnn for 
e«eiT 14 ewt of meal, sfrer which the malt IS introduced and stirred, and Instlrthe rys 
is awled. Powerful agitation is given to the msraa till it becomes quite nnUbrm | a 
process which a vigorous workman piijaes himsmf upon ezeenting in the oonrse of a 
fow minatca. The month of the tun is immediately covered over with eanvas, aod 
forther secured by a close wooden lid, to confine the best ; it is left lu this state for 
two hours. The eontents being then stirredop ODoemore,the fruiiipaiieiis spent wssh 
of a preceding mashing is first added, and next ss moeb cold water as wUl rednoe 
the temperature of the whole to about 85<* F. The beat Flanders yeast, which 
had been brought, for the sake of carriage, to a doughy consistenee by pruarare, is 
now introdneed to the amount of one pound for every 100 gallana or tne mi^ed 
asasstriala. 

Tba gnvlty cC the ftresh wort Is nsoally frmn 88 to 88 Iha. per Dkas* hydiraaetSTi 
and the fcrmeniBtioii is carried on from 48 to 60 hours, at the end of which tuna the 
aiiennation is from 7 to 4 lbs., that is, the speeiftc gravity of the eaperaalant wtih li 
from 1-007 to 1-004. 

Vok II. G 0 
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The AT* indae«d, by the fCArelty of beor-bArm in Ilollftnd, to ikim off a 

qiiniitity of the yenit from the fermenting tuns* And to lell it to the bakers, whereby 
they obstruct materiAlly the prodoction of spirit, though they probably improve its 
qufUity, by preventing its ImpregnAtion with yeasty particles; an unpleasant 
result which seldom Hsils to take place in the whisky djatillenes of the United 
Kingdom. 

On the third day after the fermenting tun is set, tho wash containing the grains is 
transferred to the still, and converted into low wines. To every luo gallons of this 
liquor, two pounds ofjunitHsr berries, fi-om 3 to 5 years old, being addiKl, along with 
about one quarter of a pound of salt, the whide are put into the low wine still, and the 
fine Hollands spirit is drawn off by a gentle and well-regulated heat, till the magma 
becomes exhausted ; the first and the last products being mixed together t whereby a 
spirit, 9 to 3 per cent abtive our hydrometer proof, is obtained, possessing the pecu- 
liar fine aroma of gin. The quantity of spirit varies fVom 13 to 91 gallons per 
quarter of gram ; this large prtxluct being partly due to the employment of the s]^nt 
Vrash of the preceding fermentation ; an addition which contributes at the same time 
to improve the flavour. 

ftoiMj|on gin is, as we hare stated, a com spirit, which is, however, rendered sweet 
uihI i*nrdinl-like, by the use of several injurious sulwtaiices. Plymouth gm* m niiinu- 
faetiirdd by <\mies and Co. of Plymouth, is a far purer spirit. The rectifiers eiupluy 
II pure grain spirit, and flavour with the wash of tlic whisky distilleries. Mr. Brande 
has given the following table of the quantities of alcohol ( sp. gr. at 60 F., 0'325) con- 
tained in different ardent spirita 

Proportion of Alcohol in ardent Spiritn. 

Ill 100 psrti. 

Brandy 6.'>’39 by mcasiirt^. 

Kum 53*68 „ 

Gin 51*60 

Whisky, Scotch , - . - - 64*32 

Ho. Irish 53*20 „ 


When wash is distilled, the fluid that comes over is called sinp/inyt, or hw^winft. 
It is concentrated or Houhifd by a seedhd distillation, and becomes rate com tptrit ; thin 
is sold to the rectifier at 1 1 or 25 per cent over proof. 

UlNGKIl. ZkHZibrr o0icMnalt$t. These species are herhaeeoni, with a creeping or 
tuberous rhixoine. The flowers ore irregular and disposed in forai of a dense spike 
or raecmc. 'riie Zinziberoceef are natives of all parts of the intertropical xonc : the 
common ginger is originally indigenous to the East Indies, but it is now cultivated 
in almost all warm parts of the globe. The rhisome or rootstock is the ginger of 
commerce. It is imported in Isrgc quantities flrom the East and West Indiea 
and Africa. 


Our imports in 1864 were as follows 

Cwl. Value. 

From Sierra Leone 7,063 16,652 

Bombay aad Scinde ..... 3,719 12,848 

Mudntf 5,951 91,164 

Bengal and Pegu .... io,487 91,932 

British West Indies .... 6,491 24,434 

Other parts 1,029 3,506 

34,743 £98,836 

GING£7 beer, a fermented drink containing an infhsion of ginger. 
The following is a good and useflil form for its raannfhctuie : •— 

Barbadoes ginger root - - - • - 19 ounces. 

Tartaric acid - - 3 ounces. 

White sugar - 8 pounds. 

Gum arable ..-•-•-6 ounces. 
Essence of lemon 2 drachma. 

Water - -------9 gallons. 


The ginger root, braised, is to be boUed for an hour, then the liquor being atralned, 
the tartaric acid and sugar added, boiled and the same removed. The gum arabio 
dissolved in a separate portion of water, added with the eaaenoe of lemona. Vlhen 
the whole has cooled to about iOO** Fahr., some freah yeaat U to be added* 9 aA the 
hew careflilly fermented. Then bottle for mai 
Ginger beer powders are thus prepared ; — 
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White lagar 5 nnnoet. 

Tartarie acid li uiince. 

rarbunato uf suda |{ oaiMN^ 

Powdered Jamaioa gingi \ • • . • 2 dradbaic. 

Eaaence of Lemon • > • • • « lo ilrtipa. 


All the materiala are to be carefulljr dried, and mtaed whUe )vt warm, ia a warm 
mortar, and immediatelj bottled. 

If the acid and the carbonate of soda art kept aeparete, theee prccaiittont are not 
iiece^sarr. 

GINNING ia the name of the operation by which the ftlamenta of eotton aie ctpa* 
ratcil from the aeeda. See Cotton MANuracTDas. 

G IKASOU The name gieen ^ the French to tire opal See Oi*At.. 

GLAIRE. The white of egg Tbia oonaiau according to Ginclui of albumen, 13*0, 
muiMia, 97, aalte, 0*3, water, ShU Glaire or albumen (oea/^inacn) la diitinguUhed fVoin 
thv albamen of the aemm of the blood taeralftuaMn), by iu behig coagulated by ether. 
GlAirc ia umd by hookbmderi in Sniahiog the hacke of hooka, and for a few other 
piirpoaeain the arta. See Albumrm. 

tiLANCK t'OAL, a name ffiven to anthracite, of which there are two varietiee, 
skUjf and the etmehoidaL See Antbuacitv ai^ Coal. 

GLASS < Karra Fr. \ Oiat, Germ.) ia a traoapartnt aolid formed by the fuainn of 
ailiceouB and alkaline matter. It was known to the Phmnieiana end oonatituted for 
B long time an excluaive manufacture of that people, in conaequence of ita ingredi- 
elite, natron, aaiid. and fuel, abounding upon their coaatB. It ia certain that the 
ancient EgYpHoiia were acquainted with fflana, fbr, although wo find no mention of it 
in the writinn of Moaea, we diacorcr glaaa ornamenta in tomha which are aa old aa 
the 'laya of Moaea. According to Pliny and Strabo, the glam worka of Sidon and 
Alexandria were flimoni in their timea, and prodneed beantiful articlea, which were 
rnt, engraved, gilt, and itained of the moat brilliant coloure, in Imitation of piwcioua 
atonea. The Kuinana employed glaaa for variona purpoaea ; and have left apecimena 
in Herenlaneum of window -glaaa, which moat have been blown by methoda analogoua 
to the modern. The Phccmcian proceaaea aeem to have been learned by the Crnaaden, 
and tranaferred to Venice in the 13th century, where they were long held aeoret, and 
formed a lucrative commercial monopoly. Soqp after the middle of the aeveoteenth 
century Colbert enriched France with the blown mirror glam nunufhetore. 

Chance may have hod a ahare in the intention of tbia ourioua fabrication, bat there 
were circnmatancea in the moat ancient arts likely to lead to it ; anch aa the fiiaing 
and vitrifying heata nniuirod for the formation of pottery, and for the eztracsion of 
metala firom their ores. Pliny aacribcf the origin of glam to the following accident. 
A merchant ihip laden w-itb natron being driven upon the coast at the month of the 
river Ikdua, in tempeatuona weather, the crew were compelled to cook their victuals 
ashore, and having placed Inmpa of the natron upon the sand, aa aopporta to the 
kettles, foond to their surprise maasea of tranaparent atone among the cinders. The 
aand of thla small itream of Galilee, which rntia flrom the foot of Mount Carmel waa 
in consequence anppoeed to poaaeia a peruliar virtne for making gjam, and oontinned 
for ages to be sought after and exported to distant coontriei for this purpose. There 
exifta good evidence that the manufacture of glaaa, and of vitreous glma ia much 
older than the time aacribed by Pliny. 

Agrioola, the oldest author who has written Ceebnically npon glass, deaeribea far- 
naeea and nrooemea cloaelv resembling those employed at the present day. Neri. 
Kunckel Uenckel Pott, Acbard, and some other cbemista, have sinee then eoroposed 
treatises upon the aulijcct ; hat Neri, Bose, Antic, Loysel uad Alloi ia the jSney- 
iMod^, oiw the beet of the older unthoritiee. 

Ilie Veaetiane were the firat hi modern timea who attained to any degrao of ex- 
cellence ia the art of worki^ glass, hot the Freoch became eventually ao icukma of 
rivalling them, puiticularty in the conatrnetioo of minora, that a decree was Issued by 
the court of Fruaee, declaring not only that the manulhetore of glam ahcmld not dero- 
gate firom the dignity of u noolemaa, but that noblee alone should be maatera of glam- 
works. Within the last SO or 40 youfi, Grout Britain has made rapid odvaaecs m this 
important art, and at the prcient day har pre-eminenee in some departaienti hardly 
adaiitsoffiipifie. 

The whMOT-glam mannfarture was fiiat began in England in 1S57, In Gtntfihed 
Friara, London » and fino articlei of tiiat-glasa were toon afterwardf amde to tho 
Savoy Bouse, fleraad. In 1635 the on reeeived a great improvemeiii fnm Sir 
Bohert ManaalL hf the naa of ooal tod hat e ad of wood. Tba firat toaels of 
blown ifmm tor lookiag-|riamii and eoaeh wtodowa wm made to 1673 it Lamh6lh« 
by Venetian artinna em^i^cd tmder the patronage or the Phko of Booktoghan* 

on t 
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Tho oMtioff of mirror- pUtof wai eommeiieod lo Franca about tba jaar 168A, 
hy Abraham Tharart I an inrantion which fpiva riia coon aAarwards to the etub- 
Imhinent of tho celebrated worka of St. Gobain, which continued for nearly a 
century the iola place where tbU highly -priied object of luxury wae wcU made. In 
rheapneaa, if not in ezoellenee, the French mirror-plate haa been for aome time riTalled 
by the Engliah. 

The analyaia of modern chemiata, which will be detailed in the conrae of thia 
article, and the light thrown upon the manufacture of glaaa in general by the accu- 
rate meana now poaacaaed of purifying ita aaveral ingnalienta, would hare brought 
the art long ainea to the higheat atate of perfection in thia country, but for the long 
continued rexatioua interference and obatructiona of our ezeiae lawa now happily at 
an and. 

The reaearohea of Rerxeliiia haring remored all doubta concerning the acid character 
of ailica, tba general compoaition of glaaa proaenta now no difficulty of conception. 
Thia aubataoca conaiata of one or more aulta, which are ailicatea with baaea of potaah, 
node, lime, oxide of iron, alumina, or oxide of lead \ in any of which compounda we 
oati aubatitnte one of theae bura for another, prorided that one alkaline hue be left. 
Silica in ita turn may be replaced by the boracid acid, without cauaing the glaaa t(» 
loae ita principal rharactera. 

Under the title glaaa are therefore comprehended rarioua aubatancea fiiaible at a 
high temperature, lolid at ordinary temperaturea, brilliant, generally more or leaa 
tranaparent, and alwaya brittle. The following chemical diatribuuon of glaaaea haa 
been propoW : — 

1. Soluble glaaa { a aimpic ailicatc of potaah or aoda ; or of both theae alkaliea. 

5. Oown glau ; ailicate of potash and lime. 

3. Itottlc glaaa ; ailicate of ^a, lime, alumina, and iron. 

4. Common window glaaa } ailicate of soda and lime : sometimes also of potash. 

6. Plate glass s silica, soda or potash, lime, and alumina. 

6. Ordinary crystal glaaa ; silicate of potash and lead. 

7. Flint glass; silicate of potaah and lead ; richer in lead than the preceding. 

8. StrasK ; silicate of potash and lead ; still richer in lead. 

9 Enamel ; silicate and stannate or antimoniate of potash or soda, and lead. 

The following analyses of these TSiieties of glass will place the composition more 
completely before the reader : — 


1 


Rlliclr 

Add. 

Potuh or 
SlHlo. 

Lime. 

Oside of 
Loud. 

Alimlns. 

Water. 

1. Soluble glass 


■I 

26 

n 

0 

0 

12 

2. thrown glam 



22 


0 

3 

0 

a. Bottle glass 


«4 

5 


dox.inm 

0 

0 

4. Window glass 



11 Jorfo 

13 

0 

7 

0 

5. Plate glass 


72 

17 mia 

6 

2 ox, iron 

8 

0 

6. (’’ryiitol 


61 

6 

0 

33 

0 

■■ 

7. Flint glass 


45 

12 

0 

48 

0 

■I 

8. Straw* 


38 

a 

0 

53 

1 


0. Knamcl 


31 

8 

0 

50 

10 or. Urn 

n 


Ilohemian glass has not been named among the Tarietics. It has been ^nerally 
grouped wAthe English glass as containing no lead, but it has some special pecu- 
liarities, as^e following analyses by Feligot will show x— 


Bohemian glass 
Do. opid glass 
1)0. mirror glass - 

Do. hard glass (as 

analysed by Mr. Rowncy) 


BlHca. 

Potaah. 

Line. 

Alumina. 

Soda. 

KB 

15-0 

8*0 

ID 

n 


iT-e 

•7 

•8 

■8 


21 0 

9-9 

1-4 

Bl 


11-5 

10*5 

20 

8 


la the Ibllowing table is also | 
giasaes which will im 
their composition is. 


of a cercain number of Bohsniisn 
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(>•> 

(a-) 

(a> 

W) 

(»•) 

(•) 

(T.) 

(«.) 

Silica • . . 

71*6 

717 

69*4 

62‘8 

75*9 

78 86 

70* 

67* 

Putaam ... 

no 

127 

11*8 

93*1 

• 


90* 

93* 

Soda 

- 

2.3 


- . 

17*6 

12 03 



Lime ... 

10 

10‘3 

9*9 

ri'.n 

3-8 


4* 

19*6 

Magnesia 

2 3 



1 





Alumina - . • 

9*2 

0 1 

1 9* 

J u 

as j 

1 .16 

6* 

3' 

Oxide of Iron - 


i»*i 


1 



0*6 

1-3 

< >xid(' of Munganeite - 

0-2 

0^ 


1 1 
Ll ' ! 


1 

0*4 

0*4 


101 2 

98 1 

j iwc 


1*^ 

|100‘6 1 

1 IIMV 

99 9 


r I.) Buhemian g^Bufrom Nonfold (M. Gmt). 

(2.) A fino ubli gla.safroiu Ncuwelt (M. Borthior); it ia cxeoodingl^ boautiful, and 
in prepared, according to M. Benlonnrt, with a mixture of l(H)quartx.';>0 i>nuhtu‘ liiiif, 
citrlHraatc of potnaaii, and a wry Hiiiall quantity of nitre, araonioua acid, iiud oxide 
of manganest. 

(a.) Old Bohemian gloat (M. DuniaaV 

(4.) Ouwo glaaa of German manufacture (M. Damia). 

(r* ) Glatt for mirnom ( M. Diimaa). 

(6.) Another glaaa tor luirrora (M. Diimaa). 

(7.) White table glaa* from Silberbcrg near Gratxcn. 

(8.) Mirror glaaa ftiom New^llurkent^, for the manufacture of cast mirrors. 
IVdigot girea the analyaia of V*enetian aventurine aa follows : 


Silica - 
Potaah 
Lime 
Soda 


• 677 
. 56 

- 8*9 

. 7*1 


Oxide of Tin • 
Oxide of Ijead 
Metallic Copper 
Oxide of Iron - 


9 .1 

11 

S‘9 

3-5 


Sec AVBHTaMNE. 

The following aoalyact of different varieties of continental gloM are instructive 





No. 1. 

No. a. 

Ko.S. 

Mo. 4. 

MO.S. 

No.fi 

Silica 



71*7 

69 9 

62*8 

60*4 

53*66 

42 5 

Potaah 



127 

15*8 

22*1 

32 

6*48 

117 

Soda 




3*0 

. • 

S. pot. 



Lime 



10*3 

76 

1 6 

90 7 

99*92 

06 

Alumina - 



U*4 

19 

1 

10*4 


1 8 

Magnesia - 



- - 

2*0 

V 2 6 

0-6 



Oxide of iron 



08 

06 

J 

3*8 

574 


— manganeoc 








— lead 

. 


* 

• 

• 

• 

. • 

43*6 

Baryta - 

• 


• 

• 

• 

0*9 




No. 1. is a very beautiffil white wineglass of Neuwelt in Bohemia. 

No. 9. Qlass tuhes, much more fluible than oommoit wine glsasaa. 

NaS. Gkown glass of Bohemia. 

No. 4. Flask glMs of St EUenae. for which some heavy spar is naed. 

No. 6. Glaaa of Sevres. 

No. 6. GoiBaad's dint gUom 

Ancient glass haa the following eoropositiont the anilyaci are hyRiehard Phillips 


■■I 

5 


“na.- 

B3 

Uo*. ’ 

^3 

3 

m 


was 

S’sa 

lOS 

1 IP 

oar 

•17 

m 




This we see that the aaeieatgbmsa wens all aoda glasses. 

The g l isi w whieh oortain asvenJ kmm areliahle to suifer diftwat chaagaa wh ffl 
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they ere nicICed or cooled alewlj. The ellica ii dirided among theie baict, forming 
new coropoundf in dednitc proportioni, which by oryitallMing separate ft’om each 
other, so that the general mixture of the ingredients which constitute the glau is 
Uestrtiyed. It becomes then very hard, fibrous, opaque, much less fusible, a better 
conductor of electricity and of heat i forming what Reaumur styled dtifiirified glass ; 
and what is called after him Reaumur's porcelain. 

This sltered glass can always be produced in a more or less perfect state, by 
melting the glass and allowinft it to cool very slowly ; or merely by heating it to the 
softening pitch, and keeping it at that heat for some time. The process succeeds 
best with the most complex vitreous compounds, such as bottle glass ; next with 
ordinary window glass; and lastly with glass of potash and lead. 

This property ought to Ik* kept constantly in view in manufacturing glass. It 
shows why In making bottles wo should fkshion them as quickly as possible aith the 
aid «>r a mould, and relient them as stddom as may be absolutely necessary. If glass 
is often heated and coolc<l, it hwa its ductility, becomes reft'actory, and exhibits n 
multitude of atony gratiulations throughout its tuhatance. When coarse glass is 
worked at the enameller's lamp, it is apt to change its nature in the same way, if tho 
workman be not quirk and cx{M*rt at his business. 

Annealing^ Drvitrijivatum, — All glass is more or less fiisiblc ; 
when it is softened by the action fif heat, it may be worked with the peatest ease, and 
may Iw drawn out into threads as hue as those of the coc<M>n of the silkworm. Glass, 
when it is submitted to rapid cooling, becomes very fragile, and presents several very 
remarkable plienornenn. among which as an example Prince Rupert’s drops may be in- 
stunetHl. Gl:iw. supports variations of temperatures better in proportion as it has been 
more slowly cooled ; thus, when it has been slightly annealed, or not at all, its fragility 
may Ik* cotisiderablv diminished by annealing it in water, or better, in boiling oil. 

Action of Atmospheuv and Chemical Agenin. — The harder and more infusible a 
glass is, the less it is alterable by the notion of atmospheric and chemical agents, with 
the exception of hydrofluoric acid. Glass which is too alkaline attracts gradually the 
moisture of the air, and loses its lustre and polish. Many glasses arc perceptibly 
attacked by a prolonged boiling with water, and a fortiori by acid and alkaline solu- 
tions ; thus, the Iwttle glass is frequently attacked by the tartar which is found in the 
wine. According to Guyton* Morveau, all gloss which is attacked by prolonged 
boiling with concentrated solutions of alum, common salt, sulphuric acid, or potassa. 
is of had quality. 

From these facts wc perceive the importance of making a careful choice of the glass 
intciuUnl to be worked in considerable masses, such as the large object glasses of tele- 
scopes ; os their annealing requires a very slow process of refrigeration, which is apt 
to c.iuse devitrifled s|»eck8 and clouds. For such purposes, therefore, no other species 
of glass is well adaptkl except that with bases of potash and lead ; or thgt with bases 
of potash and lime. These two form the best flint glass and erown glass ; and they 
should be exclusively employed for the construction of tho object glasses of achromatic 
teli'Hcopos. 

Gloss, it will be apparent from the analyses given, may be defined in technical 
jdiraseology, to be a transparent homogeneous compound formed by the fusion of 
silica with oxides of the alkaline, earthy, or common metals. It is usually eolourlesa, 
and then resembles rock crystal, but ia occasionally stained by accident or design wiA 
coloured metallic oxides. At common temperatures it is hard and brittle, in thick 
pieres ; in thin plates or threads, flexible and clastic ; sonorous when struck; fracture 
oonehoidal, and of that peculiar lustre called vitreous ; at a red heat, becoming soft, 
ductile and plastic. Other bodies are capable of entering into vitreous fusion, as 
phosphoric ^d, boracio aeid, arsenic acid, as also certain metallic oxides, as of 
lead and dWnony, and several chlorides; some of whieh are denominated 
glasses. 

Silica, formerly styled the earth of flints, which constitntes the basis of all eom- 
mereial glass, is infusible by itself in the strongest fire of our fbrnaoes ; bnt its 
vitreous fusion is easily eflbcted by a competent addition of potash or soda, either 
alone or mixed with umc or lithsirge. The ailica, which may be reganled as be- 
longing to the cUie of acids, combines at the heat of ftision with these bases, into 
•aline compounds ; and hence glass may be viewed as a silicate of eertain oxides, 
in which the acid and the bases exist in equivalent proportions. Were these pro- 
portions, or the quantities of the bases which silica requires for ,its saturation at 
the melting point, exactly ascertained, we might readily determine beforehand the 
best proportions of materials for the glass manufooture. But as this is fkr flrom 
I^ing th<> case, and as it is, moreover, not improbable that the capacity of satura- 
tion of the silica varies with the temperature,, and that the properties of gUM tlto 
vary with the bases, we must in the present state of our knowledge^ regulate the 
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proportion! rather bj practice than by theory, though the latter may throw an in- 
direct light upon the aobjeot For eaample, a good ooloaiitiB vlaM haa been found 
by analytii to conaiat ot 7^ parta of ailiea, 13 parta of potaaii, and 10 parta of 
lime, in 95 parta. If we reduce theae numbera In the eqnlTalent ratioa, wo ahall 
have the following rcautu, taking the atomte weights aa given by Berieliua:-^ 


1 

atom putaxh 

590 

14 67 

1 

llllic 

356 

8*84 

a 

siiiea 

1722 

42 79 

2 

eilicu 

1155 

26 7U 



3833 

95 0(1 


Thia giaaa would therefewe ha\<* lietn proper!) Intter with the Jiint 

atomic pru||M>rtioita, to winch it neail) iipproacliiw. vii 71 19 iiIhm, li 07 pot tab, and 
h 84 lime, iiMtead of thorn* ^ivcn *tbovc aa ita actual rimatifm iitt. 

1'he pruporiion* m whii.li silica uaiuw with the Hlkuiiiie and other oaidi*! me mo- 
diiied by the tcmtieratiirc aa aiane stated; the lower th< heat, the itaa ailica will enter 
inui the glass, and the more ot the base will in general U* requinsl |t a glsHw which 
f ontauia an cxiesa of alkali bi exposed to n iiiuth higlier Umper Hurt* than that of its 
h \ maliou, ii |M»rtion ot the base will la* set fiec to act u|M)n the inaUM uU ot tlieeartlien 
^ol, or to l>e disaipaCid m fumes, until such a silicate rmiains as to constitute a per 
luancnt glass correapondit.g to that tcnifii lature. lleiitv the laiiic niixtiue of vitrifiiihlc 
iiiatcriala will yield ver> difierent results, accoiding to the heats in which it la fused 
and worked in the glushboiuu ; and therefon* the com|K>aitiun should always he rc- 
<• mble to **t)u going*' of the furnsfe When a S|>eciea of glass, which at a high 
temperature tornnsl a transparent com lunation with a conaiderabh* ipiantity of lime, is 
ktpt for some time in Aihioh at a lowir teiuperature, a portion of the lime unites with 
the silicn into another ooinhiiiatiou of a semi-vitteouN or eren of a stonj' aspect, so as 
t4» spoil the traiispareney of the glass altogithcr. There is probabl) a siipr rsilicatc, 
and a sub-sitieatc formt^ in such cases, the latter biong much the more fusible of the 
two compounds The llettuinur'h purceLuti alriody mentioned, is an cxaitipic of this 
species ot vitreous change iii which new affinities are excrcisi*d at a lower tempera- 
ture. An excess of bilica, caused by the volatiliaation of alkaline matter with too 
strong firing, will bring on similar apfiearauccs. s 

The sju LMtlc gravit) ot glass vanes from 2 3 to 3 C. That of least apt^cittc gravity 
consists of merely silica and pidasb fuw*d together, that with lime is somewhat denser, 
and with oxide of Uud deuber still. Plate glass made fiom silica, soda, and lime, has 
H specific gravity which vancb from 2'5 to 3'd, crystal or fliui glass containing lead 
from a 0 to 3 6 . 

The density of several glasses wtihout lead is ns follows — 


Old lioheniian glass ( Dunias) - • - 2*396 

Bohemian bottle glass ... . . 3 733 

do. window glass ... . . 2<642 

Fine glass, called Bohemian crystal - - - 2 o92 

Mirror glass of Cherbourg (Dumas) - 2*506 

do. 8 t ffobain ..... il 4 gg 

do. Newbaus. 1^12 (Schola) - - 2*551 

do. do 1830 2 053 


The power of glass to resist the action of water, alkalies, acids, air, and light, Is in 
general the greater the higher the temperature employed in lU inannfkctore,tbe smaller 
the proportioa of its fluxes, and the more exact the equivalent ratiot of iUconatituenU. 
When ^sea contoina too much alkali, it is partially aolnble in water. Most orysul 
glass is alTeetcd by having water boiled in it for a eoosiderable time; but crown pass 
being poorer in amali, and containing no lead, rssists that action much longer, and is 
therefore better adapt^ to ehemicsl operatioDt. In general also potash glass Is more 
apt to become damp than soda glaaa, agreeably to the respectiTe hygrometrie pro- 
perties of these two alkalies, and also to the smaller proportion of soda than of potash 
requisite to form glass. 

Air and light operate upon glass probably by tbe&r oiidisiag property. Bhdsh or 
greenish ooloured glasaa beeom hy sxposnre eolourleas, in oonseqosiioeondoiibledly 
is the peroxidiaement of the iron, to whoee protoxide they owed their tint; other riseses 
become purple red ilrom the peroxuiisemcnt of the mauganece. Theglaseri which con- 
tain lend, suflTer aneCher kind of change m the air, if sulpharetted hydrogen be pre- 
sent; the oxide of lend is converted into n si^nr^ with the sifoet of rendering the 
surfoee of the glass opsqne and iridesent The more lend is in the glass, the qokker 
doee this irideceenee supervene. By MUng conoentrated solphBrie la a ifm 
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TiHiiiol, or u|N>n fflau, wo can aacertain its power of misting ordinary menolnia. 
<io(Ni glass will remain smooth and transparout 3 bad glasa will become rough and 
dim. 1'he conditions of decomposition as it oecurs in glass of great age, have not 
boon Mtisfhotorily explained ; the glass of the Boman tombs decomposes firom the 
siirrace, eifoliating in a remarkable manner, film after film, of a pearly and beauti- 
fully irideacent character, falling off one after the other. Tlio same kind of change 
is seen on the windows of our ancient churches. 

The brittleness of unanncalud glass by change of temperature is sometimes very 
great. This defect may be corrected bv slowly heating the resael in aalt-watcr 
or oil to |he highest pitch consistent wiui the nature of these liquids, and letting 
it cool very slowly. Within the limits of that range of heat, it will, in conse- 
quence of this treatment, bear alternations of temperature without cracking. 

It has been said that glass made fWim silica and alkalies alone, will not resist the 
action of water, hut that the addition of a little lime is necessary for this effect. 
In general 100 parts of quartaose sand require S3 parts of dry carbonate of soda 
for their vitrification, and 4& parts of dry carbonate of potash. But to make un- 
changeable alkaline glass espec'tolly with potash, a smaller quantity of this than the 
almve ahould be uaed with a very violent heat A small proportion of lime increases 
the density, hardness, and lustre of gloss ; and it aids in decomposing the alkaline 
siilpliutet and muriates always present in the pearlash of eoniroeree. From 7 to 20 
parts of dry slaked lime have been added for 100 of ailica, with advantage, it is 
•aid, in tome (lerman glau manufactories, where the alkaline matter is soda ; for 
potash does not assimilate well with the calcareous earth. 

Ill many glass works on the continent, sulphate of aoda is the form under which 
alkaline matter ia introduced into glass. This salt requires the addition of 8 per 
cent, of charcoal to decompose and dissipate its acid ; a result which takes pla^e at a 
high heat, without the addition of any lime. 88 pounds of quarts-sand, 44 pounds of 
dry glaulier salt, and 3 pounds of charcoal, properly mixed and fused, afford a 
limpid, fluent, and workable glass; with the Edition of 17 pounds of lime, these 
materials ftue more readily into a plastic mass. If less carbon be added, the fusion 
becomes more tedious. 

fly a i^roper addition of galena (the native sulphuret of lead) to glauber aalt and 
quarts sand, without charcoal, it ia said a tolerably good crystal glasi mav be formed. 
The sulphuric acid of the salt is probably converted by the reaction of we sulphuret 
of lead into sulphuroua acid gas, which ia disengaged. 

Olio atom of sulphuret of lead •■1495*67, is requisite to decompose 8 atoms of 
•ulpliate of soda **267 6. It is stated, ou good authority, that a good colourless glass 
may be obtained by using glauber salt without charcoal, aa by the following formula. 

Quarts sand • - - 100 pounds I Lime • - . . 20 pounds 

Calcined glauber halt - 20 „ | Cullet of soda glass - 12 „ 

The melting beat most be continued for 26} bonra A small quantity of the sand 
is reserved to be thrown in towards the conclusion of the process, in order to fheilitato 
the expulsion of air bubbles. The above mixture will bear to be blanched by the 
addition of manganese and arsenic. The decomposition of the salt is in this case 
effected by the lime, with which the aalpbnric acid first combines, which is then con- 
verted into sulphurous aoid, and disaipoted. Glass made in thia way was found by 
analysis to consist of 79 pam of silica, 12 lime, and 9*6 soda, without any trace of 
gypsum or sulphuric acid. 

Glauber salt is partially wolatilised by the heat of the ftimaoe, and acts upon the 
aroh of the oven and the tops of the pota. This is best prevented by introdneing at 
first into the pots the whole of the salt mixed with the charcoal, the lime, and one- 
fourth part oy^ sand s ftuiiig this mixture at a moderate heat, and adding gradually 
afterwards thfllmaiDder of the sand, increasing the temperatnre at the same time. 
If we put in the whole ingredients together,*as is done with potssh glass, the sand and 
lime soon fall to the bottom, while the salt rises to the suifhoe, and the combination 
becomes difflonlt and uneqnal. 

Sulphate of potash acts in the same way as sulphate of soda. 

Muriate of soda also, according to Kum, may be used as a glass flux with advan- 
tage. The most suitable proportions are 4 parts of potash, 2 of common salt, and 3 of 
lime, agreeably to the fbUowing compositions. 

1 . 2 . 

Quarts sand .... 60*0 57*1 

Calcined carbonate of potash - 17*8 19*1 

Common salt .... 8*9 9*5 

Lime 13*3 14*3 
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For Na I, the melting hint mint be 10 hoiirt, whieh tumi oat n very pure, lolid, 
good gla« i for No. g J hoiira of the (hmioe ere required, luetead of the potaab. 
glaiiber tell may he sobeututed \ the proportion! being then IP' I glinher wt, 9’& 
uiuriete of loda, M 3 lime, 57 1 und, end 1*3 eheieoel. 

The oxide of lead ie an eueuUal eonatititenc of the deiiaer glaiweei and may be rr^ 
garded as replacing the Lime, ao aa to turm with the miarta«aaad a aiUeate of leaA It 
aafiniilatca beat with purified pearlaah, on aocount of the freedom of thia alkali from 
iron, which ia preaont in moat aodaa. 

Ita atomic oonatitution may lie repreikcnted aa to) Iowa : — 




(. «>W1> lUltVkl 

Alulytit. 

Hiiicie acid 

5 atoms 2877 1/ 

59 Ml 

59 20 

tlxide ci ... 

1 T 13114 r* 

28 (.8 

28 20 

Potash 

1 « 580-0 

12 13 


Oxides of iron and manganese 


- 

1 40 


48bl 5 

1(10 00 1 

97 bO 


The above analvaia by Berthier relaha to a apecimen of the beat Eiigliah crystal 
pl'iaa, rolourlcaa and fhx* from air-bubblea. Thia kind <»f glaaa mayt how- 

over, udie ae^eral dilTerent proportions of imtash and silica to the oxide of lead. 

The eompoaition of mirror-plate, na made on the Continent, la aa followa : • 


M'hitc qiiaiti sand • ..... 3()0pounda 

Dry carbonate of aoda 100 

l.ime alaked in the an 43 

('ulli t, or old glaaa 300 


The manganeao ahould not exceed one half per cent, of the weight of aoda. 

Optical glaaa requirea to be made with vc^ peculiar care. It la of tno different 
kinda; namclv. ci own qluss mi&Jltntgkuu, The latter containa a conaiderabie pro- 
portion of lead, m order to give it an increaacd diaperaive power upon the raya of 
light, in proportion to ita mean refractive ]iower. 

Optical crown glaaa ahould be perfectly limpid, and have lo little colour, that n 
pretty thick piece of it may ^ive no appreciable tinge to the raya of light Jt ahould 
he exempt from atnas or veini as well as air-bubbles, and Mve not the alight4‘Bt 
degree of milkinesa. It should, moreover, preserve these anilities when worked In 
conaiderabie quantities. Potaali la preferable to soda for maklnip optical crown glass, 
becanse the latter alkali ia apt to make a glass which devitrifiea and becomes 
opaleaeent, by long expoanre to heat in the annealing process. A simple potash ailloate 
would be free from thia defect, bnt it would be too attraetive of moiature, and apt to 
decompoee eventually by the humidity of the atmosphere. It ahould. thereihre, eon- 
tain a email quantity of lime, and aa little potash aa aulBces fi>r making a perihet 
glass at a pretty high temperature. It is probably owing to the high heats used in 
the English crown glass works, and the moderate quantity of alkali (aoda) which le 
emptoyed, that our erown gtam baa been fimnd toaaswekiowell for t^tieal pnrpoaea. 

Ihe foUowing recipe for crown glass is exeellent : — 


5 atoms of silica (>1?) ----- 30 

1 carbonate of ao^ 34 

Sailiea 80 

I carbonate of lime . - • - - 50 

I atom ofearbonaleof baryta - 88 

5 atoms of silica 60 


Siliealce of lime and baryta yier sc, or even combined, are very rafraetory s bat they 
vitrify well along with a third silicate^ such aa that of aoda or potash. 

The following are additumal reeipei for making different kinds of glaas. 

1. BeUUgtan . — 11 ponnds of dry glauber aaltai It pounds of aoaper salts: a half 
bushel of waste soap ashssi 58 powids of sand ; 9S pounds of glass akimmings i 1 
ewt. of green broken 1 ^; 85 pocndi of hasdt. Husmbctueafiardsadaek gretn 

8. Tsllow or wUta sand, lOOpmts t kelp, 80 to 40| liiEiviaisd wood ashet, fnm 160 
to 170 parla ; fresh wood ashes, SO to 40 parts{ potter’s day, iO to 100 pairta; enlist 
or hraken gl^ loa If basalt be naed, the proportion of kisip wmf be dlainiabad. 

In two bottle-glam bonaeimtkascigbbovbood of ValmknMi^ an ukiiowa fn- 
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gnidieiitf fold by a Belgian, wai employed, which he called ipor. This was discovered 
hy obemieal analysis to be sulphate of baryta, l^e glass*niakers observed that the 
lM»ttlcs which contained some of this substance were denser, more homogeneous, more 
fusible, and worked more kindly, than those formed of the common materials. When 
one prime equivalent of the silicate of baryta •>123, is mixed with three primes of the 
silicate of soda* (3 x 77*6) 232*8, and exposed in a proper furnace, vitnileatiun 
readily ensues, and the glass may be worked a little under a oherry»red heat, with as 
inuch ease as a glass of lead, and has nearly the same lustre. 

3. OWen tffitK/ow y/usA, or broad giats. — 11 pounds of dry glauber salt ; 10 pounds 
of soaper salts ; half a bushel of lixiviated soap waste } 50 pounds of sand ; 22 pounds 
of glass pot shimmings; 1 cwt of broken green glass. 

4. Crown ytau, — 3(t0 parts of fine sand ; 200 of good soda ash ; 33 of lime ; from 
: .'>0 to 300 of broken gliuis ; 60 ot white sand ; 30 of purified potash ; 15 of saltpetre 
(I of borax); A ofarsenious acid. 

5. Nearly white table glaae . — 20 pounds of potashes; 11 pounds of dry glauber salts; 
16 of soaper salt ; 55 of sand; 140 of cullet of the same kind. Anoiher. — 100 of 
sand ; 235 of kelp ; 60 of wood ashes ; 1^ of manganese ; 100 of broken glass. 

6. White table glans. — 40 pounds of potashes ; 11 of chalk ; 76 of sand ; J of man- 
ganese : 95 of white cullet. 

Another.— 50 of purified potashes ; 100 of sand; 20 of chalk; and 2 of siiitpetre. 

Bohemian table or plate glass is made with 63 ports of quartz ; 26 of purified {>ot- 
ashes^ 1 1 of sifted slaked lime, and some cullet. 

7. C/ystu/j/Zofs.— 60 partsof purified potashes; 120 of sand; 24 of chalk; 2 of 
saltpetre ; 2 of arsenious acid ; ^ of inangaiH^sc. 

Another.- - 70 of purified pearl ashes ; 120 of white sand; 10 of saltpetre; } of 
arsenious acid ; | of manganese. 

A third. — 67 of sand ; 23 of purified pearl ashes : 10 of sifted slaked lime; \ of 
manganese ; (5 to 8 of red lead). 

A fourth.— 120 of white sand ; 50 of red lead; 40 of purified pearl ashes; 20 of salt- 
petre ; i of manganese. 

A fifth. — 120 of white sand ; 40 of pearl ashes purified ; 35 of red lead ; 13 of salt- 
petre; A of manganese. 

A sixth.— 30 of the finest sand ; 20 of red lead ; 8 of pearl ashes purified ; 2 of salt- 
pure ; a little arsenious acid and manganese. 

A seventh, — 100 of sand ; 45 of red lead ; 35 of purified pearl ashes ; f of manga- 
nese ; 1 of arsenious acid. 

6. y/uAA — Very white sand, 300 parts ; dry purified soda, 100 parts ; carbonate 

of lime, 43 parts ; manganese, 1 ; cullet, 300. 

Another. — Finest saud^ 720 ; purified soda, 450 ; quicklime, 80 parts ; saltpetre, 25 
parts ; cullet, 425. 

A little boi4x basalio beci^ prescribed ; much of it communicates an exfoliating 
property glass. 

PaaoTicAi. Dxtxils of thk Manufacture of Glass. 

There are five different species of glass, each req^uiring a peculiar mode of fabrica- 
tion, and peculiar materials 1* The coarsest and simplest form of this manufacture is 
buttle gloss. 2. Next to it in cheapness of material may be ranked broad or epread 
window glass. An improved article of this kind is now made near Birmingham, 
under the name of British or German plate. 3. Crown glass comes next, or window 
glass, formed in large circular plates or discs. This glass is peculiar to Great Britain. 
4. Flint glasurystal glass, or glass of lead. 5. Plato or fine mirror glass! 

The PoTsPlThe materials of every kind of glass are vitrified in pots made of a 
pure refractory clay ; the best kind of which is a species of shale or slate clay dug 
out of the coal-formation near Rtourbridge. It contains hardly any lime or iron, and 
consists of silica and alumina in nearly equal proportions. The masses are carefully 
picked, brushed, and ground under edge iron wheels of considerable weight, and 
sifted through sieves having 20 meshes in the square inch. This powder is moistened 
with water (best hot), and kneaded by the feet or a loam-mill into an uniform smooth 
paste. A large body of this dough should be made up at a time, and laid by in a damp 
cellar to ripen. Prevlonsly to working it into shapes, it should be mixed with about 
a fourth of its weight of cement of old pots, ground to powder. This mixture is 
sufficiently plastic, and being less contractile by heat, forms more solid and dnrable 
vessels. Glass- house pots have the figure of a truncated cone, with the narrow end 
undermost ; those for bottle and window-glass being open at top, about 30 inches 
diameter at bottom, 4ff inches at the mouth^ and ,40 inches deep ; but the fliat-glass 
|H)U are covered in at top with a dome-cap, having a mouth at the sid^ by wbidithe 
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mftterbb m Introduoed, tad tlie glass is extneted. Bottlt aod cnm-hoose pots are 
from 8 to 4 inches thick ; those for fliot-hoiisec are aa ineh thinacr, and of propor- 
tionally smaller capacity. See Clat. 

The well-miied and kneaded doogh is first work^ed upon a hoard Into a eake fiir 
the bottom ; orer this the sides are raieed. by laying on its edges rolls of day abore 
each other with much manual labour, and oarefol oendenaation. The clay a made 
into lumps, is equalised, and slapped much In the sasle way as fisr makfog pottery. 
The pots thus fashioned must be dried very prudently, first in the atmespburic lem- 
lierature, and finally in a store fioor, which usually borrows its beat directly fromllie 
glass-house. Before teiitng the poU in the fomaee, they are annealed dnnng 4 or 5 
days, at a red heat in a small rererberatory rault, made on purpose. When com- 
pletely annealed, they are transferred with the utmoit eapedition into their seat in the 
fire, by means of p<^erfol tongs supported on the axle of an iron-wheel carriage 
frame, and terminating iu n long lever for rmsing them and twinging them round. 
The pot^sefUng is a desperate service, and when unskilfully conduotA without due 
mechanical aids, is the forlorn hoiw of the glass-founder. 

f The glass-houses are uiually built in the form of a cone, from 60 to 100 feet high, 
and from .10 to 60 feet in diameter at the base. The fornace is constructed in the 
centre of ihe area, above an arched or mined gallery which extends across the whole 
space, and terminates without the wmlt, iu large folding doors. This cavern must 
be sufficiently high to allow labourers to wheel out the cinders in their barrows, 
The middle of the vaulted top is left open in the building, and is covered ever with 
the grate-bars of the fomaee. 

1. Botile gla$g. — The botUe-house and its furnace iwscmble nearly 895. llie 
furnace ii usually an oblong square chamber, built of Jarge fire-bricks, and arched 
over with fire-stone, a siliceous grit of excellent qnality extracted from the coal 
measures of Newcaatle. This furnace stands in the middle of the area ; and has its 
base divided into three compartments. The central space is occupied by the grate- 
bars : and on either side is the platform or fire-briiA siege (seat), raised abont 18 
inches above the level of ihe ribs upon which the pots rest. Each siege is about 3 
feet broad. 

In the sides of the fomaee semi-circular holes of about a foot diameter are left, 
opposite to, and a little above the top of, each pot, called working holes, by which 
the workmen shovel in the materials, and take out the plastic glass. At each angle 
of the furnace there is likewise a hole of about the same siie, which communicatee 
with the calcining furnace of a cylindrical form, dome-shap^ at top. The flame 
that escapes from the founding or pot-furnace is thus economically bronght to rever- 
berate on the raw materials of the bottle glass, so os to dissipate their carWaceous or 
volatile impurities, and convert them into a frit A botUe-house has generally eight 
other foraacea or fire arches ; of which six are used for annealing the b^tles after they 
are blown, and two for annealing the pots, before settigg them in the furnace. 

Generally, for common bottl^ the common river land and loap-boilera' waste arc 
used. About 8 parts of waste, consisting of the insoluble residunm of kelp mixed with 
lime, and a little saline eabstance, are employed for 1 part of sand. This waate it first 
of all calcined in two of the fire arches or revttbenlories reserved for that pnrpoae, 
called the coarse arches, where it is kept at a rid heat, with oocaaional itirring, from 
24 to 80 hours, being the period of a jodmey, or youmds, in which the materials could 
be melted and worked into bottles. The roasted soap-wa^ ia then withdrawn under of 
the name of aahee, firom its arch, coarsely ground, and mixed wHh Sta proper proportion 
of sand. Thia inlxture is now put into the fine arch, and calcined during the working 
journey, which extends to 10 or 18 hours. Whenever the pots are worked out, that 
frit is immediately tranaferred into them in its ignited state, and the fimnding process 
proceeds with sneb despateh that this first charge of materiale ii completely melted 
down in 6 honrB,so that the pots might admit to be filled up again with the eeeoud ^rge 
of frit, which is founded ia 4 hours more. The heat ia bnskly oontinoed, aad in the 
coarse of from 18 to 18 hours, according to the eiie of the pots, the quality of the ftiel, 
and the draught of the fomaoe, the vitrification la complete. Before mowing the 
bottiea, however, the gleai mact be left to settle, and to cool down to the blowhig eon- 
siateney, by shatting the eave doon and fiteding boles, so aa to exelqda the air from the 
fire-grate and the b^om of the lieailh. The glass or aietal becomeentere dense, and 
by ita snbsidanoe throws np the foreign lighter earthy anfraaline matteta in the fore of 
a cenm on the eoHboe, whieh is femoted with skimming irons. The Ibmaee la new 
chamd with ooal, to enable it to afford a woihuig healfinr 4 or 6 hours, at the sad of 
whkm time more foel is oantionffy added to preserve adeqnate heat fior fitiishing the 
yotiniiy. 

It is hardly possible to eoavif in words alone a ooneet Idea Of the maidpiilationi 
necessMy tothe fimaticn of a wine bottle. Six people are eniplo|od li tUe task i 
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one, called a iptherer, dlp« tho end of an iron tnbe, abont fire feet long, preTiooalv 
made ml hot, into the ^t of melted tunii the rod round lo as to surround it with 
glius, lifts it out to cool a little, and then dips and turns it round again ; and so in 
micoessioii till a ball is formed on its end sufficient to make the required bottle. Hu 
then hands it to tho blower, who rolls the plastic lump of glass on a smooth stone or 
cast-iron plate, till hu brings it to the rery end of the tube ; he next introduces the 
|)ear*shBp^ ball into an oj^n brass or cast-iron mould, shuts this together by pressing 
a pedal with his foot, and holding his tube vertically, blows through it, so as to ex- 
pand the cooling glass into the form of the mould. Whenever he takes his foot from 
the pe<laMever, the mould spoiitnneously opens out into two halves, and falls asunder 
by Its iMittom hinge, ile then lifts the buttle up at the end of the rod, and transfers it 
to the finisher, who, touching the gloss-tnbo at the cud of the pipe with a cold iron, 
cracks off the bottle smoothly at its mouth-ring. The finished bottles are immediately 
piled up in tho hot annealing arch, where they are afterwards allowed to cool slowly 
for S24 hours at least. 

3. JirtMid or tpread window glass . — This kind of glass is called in/crior window glass 
in this country, because coarse in texture, of a wavy wrinkled surface, and very cheap; 
but on the continent spread window glass, being made W'ith more cure, is much 
better than ours, though still far inferior in transparency and polish to crown glass, 
which has, thenfore, nearly superseded its use among us. Itut Messrs. Chance and Co , 
of Birmingham, make /irihe/i sheet glass upon the best principles, and turn out an 
article quite equal, if not superior, to anything of the kind made either in Fniuee or 
Belgium, llieir materials are those used in the crown-glass manufacture. The vitri- 
lyinff mixture is fritted for SO or 30 hours in a reverberatory arch, with considerable 
stirring and puddling with ioift-bandled shovels and rakes; and the frit is then trans- 
ferred by shovels, while red h<n, to the melting pots to be founded. When the glass is 
rightly vitrified, settled, aud brought to a working heat, it is lifted out by iron tubes, 
blown into pears, which, being elongated into cylinders, are cracked up along one side 
parallel to the axis, by touching thorn with a iron dipped in water, and are then 
opened oat into sheets. The glass cylinders are spread on a bed of smooth stone Paris- 
piastur, or laid on the bottom of a reverberatory arch ; the cylinder being placed on its 
side horisontally, with tho cracked line uppermost, gradually opens out, and Battens 
on the hearth. At one time, thick plates were thus prepared for 8ub.sequent polishing 
into mirrors j but the glass 'was never of very good quality •, and this mode of making 
mirror-plate has oceoiSingly licen generally abandoned. 

The spreading furnace or oven is that in which c}lindcr8 are expanded into tables 
or plates. It ought to bo maintained at a brisk red heat, to facilitate the softening of 
the glass. The oven is placed in immediate connection with the annealing arch, so 
that the tables may be n*adily and safely transferredr from the farmer to the latter. 
Suinetimes the cylinders are spread in a large muffle furnace, in order to protect them 
from being tarnished by sulphureous and carbonaceons furaea 

/'Irig. 890 represents a ground plan of both the 8|geading and annealing furnace; Jig. 
()!ii IS an oblong profile in the direction of the dotted line x *tjfg. 890. 

690 891 



a is the fire-place ; & 6, the canals or fiues through which the flame rises into both 
furnaces ; c, the spreading fumae^ upon whose sole is the spreading slaU d, is the 
cooling and annciding oven t e e. iron bars whic^ expend obliquely across the anneal- 
ing arch, and serve for restioff the glass tables against during the cooling. //, the 
channel along which the previously cracked cylinders are sli^ so as to be gradually 
warmed ; g, the opening in the sprradin^ fttniace, for enabling the workmen to regu- 
late the process ; A, a door in the annealuDg arch, ft>r introduemg the tools reqi^te for 
raising up and removing the tables. 

The scries of transformations in sheet glass, already deeeribed, ie repreeented inJb. 
892, at A, B, C, D, B, F, 0, H. 

893 and 894 represent a Bohemian ftunace in which ezoeUent white window 
ie a longitudinal seotUm bf the glese and annealing ftirnaoeii 
/'ty. 894 » the groond plan, a is the ash pit vaulted under the sole of the flumsee ; 


GLASS. 


4G1 


the flre-pleoe itMlf ii divided into three oomputmenti} with a aUdle ilah at whioh 
ii hollowed in the centre, for collecting any epilt glaia, aad two hearth tUee or elabe 
hb, cc are the draught or air . , 

holes; ee are arches upon ^ 
which the hearing slabs // A A 

partly rest In the middle be- ^ i i ( i B 

tween these arches, the flame \0 |||H s | ^ | AA 

strikes upwards upon the pots ^ j 

g y, placed as closely together 1 £• 1 

as possible for economy of A /v i 

room. A is the breast wall of I 1 

tht flimace; i, >iiy 894i ♦ho J | I “ - - 

opening through which the IS 11 »4 

pots are introduced; it is A w « 

bricked up as soon as they ^ a g, jr Jt ^ iSF 

stt A A is the base of the /v jT /a 

cone or dome of the fhrnaoe; |r| Ij^ ||a ^ 

///.the working orifices, which ||| ||| ■ Irf^Sr-^iP wiSM n E 

aic made largei or smaller ac- llll | || III I 

cording to the Bise of the glass |||| |l |ll / 

articles to be made, m is the || |l ||l tfy 

flue which leads to the anneal- ||| II I il B ^ . 

ing stove a, with an arched il ||| " 

do<»r. Exterior to thu there 

IB usaally a drying kiln, not shown in the fignro ; and there arc adjoining stoves, 
called arcAes, for drying and annealing the new pots before they are set. 

The cooling or annealing nrofa, or leer, is often built independent of the gloss-hoiiso 
furnace, is then heated by a separate flre-place, and constructed like a very long re- 
vcrlieratory furnace. 

The leer pans, or trays of sheet iron, are laid upon its bottom in an oblong series, 
and booked to each other 


3. Cnntm^la$» —The crown-glass bouse with its furnace is represented in>!y 605, 
where the blowing operation is shown on the one side of the figure, and tbe^osAtny on 
the other. The furnace is usually constructed to receive 4 or 6 pots, of such dimen- 
sions as to make about a ton of glass each at a time. There are, however, several 
subsidiary furnaces to a erown-Louse : 1, a reverberatory furnace or cafenr, for cal- 


cining or fritting the materials ; 2, 
a blowing furnace, for blowing the 
pear-shaped balls made at the pot- 
holes, into large globes, 8, a flash- 
ing furnace, and bottoming hole for 
coinmunicatiog a softenuMf heat, 
in expanding the globe into a dr- 
cttlar plate ; 4, the annealing areh 
for the finished tables ; 5, the rever- 
beratory oven for annealing the pots 
prior to their being set ujion the 
flmndirg stepe. 

The materials of crown glass used 
to be, fine sand, by measure 5 parti, ^ 
or by weight 10 ; ground kelp^ by 
measure 1 1 parts, or by weight Ifi^ I 
but instead of kelp, soda ash is now 
generally employ^ From 6 to 
6 cwt of samC lime, and aoda-mh, 
mixed together in wooden boxes 
with a shovel, are thrown on the 



■ole of a large reverberatory. Qkre the mixtnre is well worked together with iron 
pMldles, flat ahovels, and rakes with long handles; the am of this famace being 
about 6 feet square, and the height 2 feet The heat soon farinm the materials to a 
pasty consiateiiee, when they must be diligeutly tui ned over, to £voor the dl— jpndfm 
of the carbon, sulphur, and other volatile matters uf the kelp or aoda aeh, aad to in- 
corporate the Axeding^ientsuoiformly with thesand. Tomdi the end of 8 Imurs, 
the fire is eonsidcrahly raised, and when the flmrth hour hm expif^ the fritting 
operation is flnished. The mass ia now shovelled or raked ogt into ahallow east-iion 
aqnare eases, smoothed down, and divided befiMre it hardana by eoottng, into fiqnare 
Imnpai by erost aectioni with the apade. These frH-bnekaare afrerwarda pOad up 
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m a Inrfffi afwHiDent for me i and hare bean eoppomd to improre with age, bf the 
oBlorMcenoe of their saline constitnents into carbohate of mda on their surfhee. 

The founding-poU are tilled np with these blocks of foit, and the fomaoe is power* 
fulij urged by opening all the subterranean passages to its grate, and closing all the 
doors and windows of the glass-house itself. Alter 8 or 10 hours the Titrification has 
made such progress, and the blocks first introdneed are so tkr melted down, that 
another charm of fVit can be thrown in, and thus the pot is fed with fHt till the 
proper quantity is used. In about 16 hours the vitrification of the frit has taken 
place, and a comiderable quantity, amounting often to the ewt of liquid saline matter 
floats over the glm- This salt is carefhlly skimmed off into iron pots with long 
ladles. It is oalled Sandiver, or Qlass-gall, and consists nsoally of muriate of soda, 
with a little sulphate. 'Fhe pot is now ready for receiving the topmn^ of which 
is broken pieces of window glass, to the amount of 3 or 4 ewL This is shovelled in 
at short intervals ; and as its pressure forces up the residuary saline matter, this is 
removed ( for were it allowed to remain, the b^y of Ae glass would be materially 
deteriorated. 


The beat is still continued for several hours till the ^lass is perfect, and the extri- 
cation of gas called the 6oi4 which accompanies the fniTon of crown glass, has nearly 
terminated, when the fire is abated, by shutting up the lower vault doors and every 
avenue to the grate, in order that ^e glass may settle fine. At the end of about 40 
liours altogether, the fire being slightly raised by adding some coals, and opening the 
doors, the glass it careftilly skimmed, and the working of the pots commences. 

ggg Before describing it, however, we may 


L.D" ■ 




state that the marginal figure, 806, shows 
the base of the crowndiouse cone, with the 
four open pots in two ranges on opposite 
sides of the fumaoe, sitting on their raised 
sieyes, at each side of the grate. At one 
side of the base the door of the vault is 
shown, and its course is marked by the 


dotted lines. 


The crown-glass furnace, figM. 897, 898| is an oblong square, built in the centre of a 
brick cone, large enough to contain within it two or three pota at each side of the 




grate room, which is either dieided as shown in the plan, or runs the whole length af 
the fhmace, ss the manufacturer chooses. Fig, 898 is a ground pliin, and/gf 897 8 
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fnmi cle?itt<m of a lis-pot ftiraice. 1» i, S,Jlg 897, ire the working kolee fbr tlie 
pnrpoeei of ventilation, of potting in the materiali, anA of taking out tbe metal to be 
wrought 4, 8, 6, 7, are pipe holea fbr warming the pipes before beginning to work 
with them. 8, 0, 10, are foot holes for mendimi the p^ and sieg^ 11 ia a bar 
of iron for binding the furnace, and keeping It foon swelling* 

The arch is of an elliptic firm ; though a barrel areh, that is, an arob akaped like 
the half of a barrel cut longwiae through the eantrc. it aometimes uaed. But thia aoon 
gives way when used in the maunfocture of ero^ul giaas, although it doea very well 
in the clay-furnace used for bottle houses 

The best stone tor building foinaces is fire-stonp; it mav be obtained in the 
neighbourhood of Newcastle foom the roal-measurea generally, and some of the 
sandstones nf the eastern counties nrt» found to answer the purpuM admirably* The 
gn at danger in building furnaces is, lest the cement at tlie top shouhl gi^e way with 
the excessive htat, and hv drt^ppmg into the pots, S)m»(1 the metal* The top ahould 
therefore be built with stones only, as loose as they ean hold together after the centres 
are removed, and without any cement whatever* The stones expand and come quite 
clone together when annealing \ an operation which takes from eight to fourteen days 
at most, rhere is thus less risk of any thing dropping firom the roof of the fomaoe. 

The msiue of the stiuare of the fornace is built either of Stourbridge fire-clay an- 
nealed, or of fire-stone, to the thickncsn of sixteen mches. The outside is built of 
common brick, about nine luohes in thickness. 

The fhmaco is throuii over an ash>pit, or cave as it is nailed, which admits the 
atmospheric air, and promotes the coraoustion of the furnace. This cave ia built of 
stone nntU it comes beneath the grate room, when it is formed ot firo-bnek. Tbc 
abutments are osefiil for binding and keeping the furnace together, and nro built of 
masonry. The fornaces are stoutly clasped with iron all round, to keep them tight 
In fonr-pot furnaces this u unnecessary, provided there be four good abutments* 

Fig, 894 is an elevation of the flashing farnaoe* The ontsido is built of common 
brick, the inside of fire-brick, and the month or nose of Stourbridge fire-clay. 


899 
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Fig, 900 is the annesi*ng kiln. It is biult of common brick, except round the 
grate room, where firc-brick is used. 

Few tools are needed for blowing and flashing crown glass. The requisite ball of 
plastic glass is gathered, in successive layers as for bottles, on the end of an iron tube, 
and rolled into a pear-shape, on a cast-iron plate ; the workman taking care that the 
nir blown into its cavity is snrronnded with an equal body of glass, and if he perceives 
any side to he thicker than another, he correcta the incooality by rolling it on the slop- 
ing iron table called marver (marbre). He now beats the bulb in the fire, and rolls it so 
as to form the glass upon the end of the tube, and by a dexterous swing or two he 
lengthens it, as shown in hfy, 901. To extend the neck of that pear, he next rolls it 
over a smooth iron rod, turned round in a horuontal direction, into the shape M,Jlg, 901. 
By fimher expansion at the blowing ftimaoe, be now brings it to the shape L, repre- 
sented in 901. 

Thia spheroid having become eod and somewhat stilt is next carried tothebottsm- 
ing hole (likejl^. 899), to be exposed to the action of flame. A slight wall erected 
bAre one half of this hole, screens the workman flrain the heat, hut leaves room ftir 
the globe to pass between it and the poeterior waM The blowing-pipe is made to 
rest a little way ftm the neek of the globe, on a book fixed in the n<^ wall t and 
tbus may be made eatily tovsvotve on its axis, and by givmgcentriftigal force to the 
globe, wnile the bottom of h, or part opposite to the pi]^ is softened by the heat, it 
soon amnmes the form exhibited in ii,^ 901. 

In this state the flattened ^obs is removed from fbo Are, ud itt rod being rested 
on the eeafor 5oe covered w& eoal oinders, another worfcmaa now applies the end of 
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a lolid iron rod lipped with melted glaie, called a pwnto^ to the nipple or prominence 
in the middle t and thin attaches it to the centre of the globe* wnile the first work- 
mao cracks off the globe by touching its tubular neck with an iron chisel dipped in 
cold water. The workman having thcrt*by taken possession of the globe by its 
liottom or koobblcd pole attached to his pun^ rod* he now carries it to another cir- 
cular opening, where he exposes it to the action of moderate llame with regular rota- 
tion, and thus slowly heats the thick projecting remains of tlae former neck, and 
opens it slightly out, as shown at n* xnfy. 001. lie next hands it to the fiohhMr, who* 
resting the iron rod in n hook plac^ near the side of the orifice BOO, wheels it 
rapidly round opposite in a powerful flame* till it assomes flrst the figure o, and finally 
that of a flat circular tabic. 

The flasher then walks off with the table, keeping up a slight rotation as he moves 
along, and when it is sufflciontly cool, he turns down his rod into a vertical position, 
and lays the table flat on a dry block of fire*clay, or bed of sand, when an assistant 
nips it off (htm the punto with a pair of long iron thears, or cracks it off with a touch 
of cold iron. The loose table or plate is lastly lifted up horizontally on a double 
pronged iron fork, introduced into the annealing arch, yip. 900, and raisAlon edge; an 
assistant with a long-kneed fork preventing it from falling too rapidly backwards. 
In this arch a great many tables of glass are piled np in iron frames, and slowly 
cooled fVom a heat of about 600** to lOO F., which takes about 24 hours ; when they 
are removed. A circular plate or table of about 5 feet diameter weighs on an average 
9 pounds. 

4. /Yinf p/dft.— This kind of gloss is so called because originally made with cal* 
mned flints, as the siliceous ingredient. The materials at preaent employed in this 
tmuptry for the finest flint glass arc, flrst, sand, calcined, sifted, and washed ; second, 
an oxide of lead, either red lead or litharge ; and third, pearlash. Sand for flint 
glass manufiicturc is obtained fVom the Isle of Wight, Aylesbury, the New Forest, 
and some other localities in this country. A very beautiful sand is brought fl‘om 
America, and some has been sent home from Australia. The pearl ash of commerce 
must however be purified by digesting it in a very little hot water, which dissolves 
the carbonate of potash, and leaves the foreign salts, chiefly sulphate of potash, 
muriate of potash, and muriate of soda. The solution of the carbonate being allowed 
to cool and become clear in lead pans, is then run off into a shallow iron boiler, and 
evaporated to dryness. Nitre is generally added as a fourth ingredient of the body 
of the glass ; and it serves to correct any imperfections which rai^ht arise acci- 
dental combustible particles, or from the lead being not duly oxidised. The al>ove 
four substances constitute the main articles ; to which wc may add arsenic and man- 
ganese, introduced in very small quantities, to purify the colour and clear up the 
transparency of the glass. The black oxide of manganese, when used in such quantity 
only os to pcroxidise the iron of the sand, simply removes the green tinge caused by 
the protoxide of iron ; but if more manganese be added than accomplisbes that 
pnrpose, it will give a purple tinge to the gloss. The arsenic is supposed to counter- 
act the injury arising from excess of manganese, but is itself very apt on the other 

hand to communicate some degree 
of opalescence, or at least to im- 
pair the lustre of the glass. 

The raw materials of flint glass, 
are always mixed with about a 
third or a fourth of their weight 
of broken glass of like quality ; 
this mixture is thrown into the 
pot with a shovel ; and more is 
added whenever the preceding 
portions by melting subside; the 
okject being to obtain a pot fhll of 
glass, to facilitate the skimming 
off the impurities and sandiver. 
The month of the pot ia now shttt^ 
by applying clay-lute round the 
stopper, with the exception of a 
small orifice below, for the escape 
of the liquid saline matter. Flint 
^lass requires about 48 hoars fbr 
its complete vitriflcatioii, though 
the materials are more flisibletliin 
^osc of crown glass ; in consequence of the contents of the pot being partially eereened 
by Its cover from the action of the fire, as also from the lower inteniity of the heat 
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F^, 909 repKfenti a flint glass house for 6 pots, with the arch or leer on one side for 
annealing the crystal ware. In JSjf, 903, the baia of the cone it aeon, and the glMl 
pots la filM on their platform 

ranged ronnd the central Arc grate. y N 

The dotted line denotes the con- . 

tour of the flirnace./o. 909. " SViW^ iW^W ^ ^ 

Whenever the glass appears flne, ^ ^ 

and is freed fh>ni its air bubbles, 

which it usually is in about afl L 

hours, the heat is suffered to faU — :'£rS^./3\ — 

a little by closing the bottom Tslvea, ‘™ui 

&c , that the pot may settle ; hut prior to working the metal, the heat ia ttmewhat 

rtuMed again. 

It would he UieleM to describe the manoal operations of fltshion' i|; the various 
articles of the flint-glass manufacture, because they are indefinitely varied to suit the 
conveniences and caprices of human society. 

Every different flint-house has a iK'Ciiliar proportion of glasa materials The fol- 
lowing have been offered as good practical mixturei t 

1. Fine white sand ........ 300 pnrts. 

Red lead or litharge 200 

Refined pearl ashes -.---...go 

Nitre 20 

Arsenic and manganese, a minute quantity. 

9. Fine sand - - - - - - - - - -50 5 

Litharge 27*2 

Refined pearl ashes (carbonate of potash, with 5 per cent, of water) 17 s 
Nitre - -4’8 


100 0 

To these qnontities flrom 30 to 50 parts of broken glass or cullet arc added, with 
about a two-thousandth part of manganese, and a tiiree-thunsandth part of arsenic. 
Hut manganese varies su extremely in its purity, and contains often so much oxide of 
iron, that nothing can be predicated as to its quantity previously to trial. 

M. Payeni an eminent manufacturing chemist in France, says that tlio composition 
of ** crystal*’ (the name given in France to their finest flint glass) does not deviate much 


from the following proportions : — 

Wood Are. 

GoaI fire. 

Siliceous sand 

- 3 

3 

Minium ... 

. 2 

»* 

Carbonate of potash 

- • 4 

li 


The flint-glass leer for annealing glass, is an arched gallery or large flue, about 36 
feet long, 3 feet high, 4 wide ; having its floor raised above 9 feet above the ground of 
the gtaiui-honse. The hot air and smoke of a firc-placc at one end pass along this gal- 
lery, and arc discharged by a chimney B or 10 feet short of the other end. On the fltmr 
of the vault, large iron trays are Uid and bof>kcd to each other in a series, which arc 
drawn from the fire end towatd% die other by a chain, wound about a cylinder by a 
winch handle projecting through the side. The flint-glass articles are placed in their 
liot state into the tray next the fire, which is moved onwards to a cooler station when- 
ever it is filled, and an empty tray is set in its place. Thus, in the course of about 20 
hours, the glass advances to the cool end thoroughly annealed* 

Besidis colourless transparent glass, which forms the most important part of this 
manufacture, various coloured glasses are mode to suit the taste of the public. The 
opaline crystal may be prepaid by adding to the above composition (No. 9) phos- 
phate of lime, or well bomt bone-ash in fine powder, washed, and dried. The article 
must be as uniform in thickness as possible, and speedily worked into shape, with a 
moderate beat Oxide of tin, ptiHy-powder, was formerly nsed for making opalescent 
glass, but the lustre of the body was always impaired by its means. 

Ciystal vessels are made of whiohthe inner surface is colourless, and all the external 
faeeti eotonred. Such works are easily executed. The end of the blowing-rod must 
be dipped flrtt in the pot containing ctilonrless glasSi to form a bulb of a certain sise, 
which being cooled a little is then dipped for an instant into the pot of coloured glass. 
The two layers are associated without intermixtnre ; and when the article is finished 
in iu form, it is white within and coloured without Fluted lines somewhat deeply 
cut, pass throogh the coloured coat, and enter the oolonrlsss one ; so that when they 
cross, Ihetr ends alone are coloured. 

For some time pest, likewise, various crystal artidee have been exhibited in the 
VtWL IL H H • 
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mark<'t with coloured enamel flmirea on their Mirfaoeyor with white incniftmtiani of a 
eilvcry lueiro in their interior. The former are prepared by placing the rnamel object 
ill the brass nioiiM, at the place where it is sought to he attached. The bulb of gla^a 
being put into the mould, and blown while eery hot, the small plate of enamel gets 
rciiu'iited to the surface. For making the white argentine incrustations, small figures 
are prepared with an impalpable powder of drv porcelain paste, cemented into a solid 
by means of a little gypsum plaster. When these pieces are thoroughly dried, they 
are laiil on the glass while it in red hot, and a large patch of rery liquid glass is placed 
fihovc it, MO as to encase it and form one body with the whole. In this way the in- 
iTiisiation is completely enclosed ; and the polished aurfaco of the crystal which 
■careely toueliea it, gives a brilliant as|M‘ct, pleasing to the eye. 

()mc.vL Gi.aBS. — An uniform fiini-gbsH, free firoin striio, or wreath^ is much in 
demand for the optician. It wiuild app<*ar that such an article was much more com- 
monly made by the F.nglish inaiiiifacuirers niuuy years ago, than at present; and that 
in improving the brillianoy of crystal glass they have injur^ its fitness for construct- 
ing optical lenses, Mhieh defandM, not so much on its whiteness and lustre, as on its 
homogeneous eliaructer. l''.Teii a (>utful of pretty uniform glass, when it stands some 
time liquid, becomes evoiitually unequable by the snlisideucc of the denser portious , 
so that striir and geliittiious apiienrunces begin to inaiiil'est themselves, and the glass 
becomes of liiile value, (lluss allowed to cool slowly in mass in the pot is p,irtieulurly 
full of wTcuili, and if quickly n^frigerated, that is in two or three hours, il is apt to 
split into a multitude of iiiiiiute splinters, of which no use can be made. For optical 
purposes, the glass iiuiHt be taken out in its liquid state, being gathered on the end of 
the iron rod from the oentrnl portion of a recently skimmed pot, after the upper la} era 
ban* been worked off in general nnichs. 

Jil (jiiiiiand, of Drencts near Nenfelntcl, n workman in the watch and clock trade, 
appears to have discovered processes that furnished almost certainly pieces of fiiut 
glass cupuhle of forming good lenses of remarkable dimensions, even of U inches 
ili.inieter, of adequate density and trunsiiarency, and nearly free from ttrice, Guinatid's 
plan eonsisted mainly in thoroughly mixing the melted ** metal” with an iron rod. 
(iiiinand joined M. Frauenhotler, of Miiiu*;li, and one of the largest of the lenses pro- 
duced by them, the diameter of which is 9 inches, is now in the observatory at Dorpat 

Ouiiiuiid was long in communication with the ANtronomicul Society of London; 
mul he sent oxer some dises of llint-glnss, of which Messrs. Dollond and Hefschel 
made a tax onrublo report. A commission was formed, consisting of Hersched, Dollond, 
Funiday, and Uoget, bat owing to the annoying interferenees of the excise otiicers, 
jiotx^ithsiuiiding the Goxerninent had made some special exceptions in favour of ihose 
seieiitifie expeninents, the results were not practically of that high value which might 
liax'e been expected. Alan} of the observations however were of great value. Amongst 
otht'i disco veri<‘a might be named the remarkable heavy glass, the Sdiat-fnirate of Imd, 
with xrhieh the discovery of the **so*called” magnetisation of a ray of light was made. 
AI. Guiniind died, and one of his sous worked with M. Bontemps, while the widow 
and another son set up works in Switserland. From their manufactory some examples 
of lenses were sent to the Great Exhibition of 1851. M. Bontemps was in 1648 pre- 
vailed iqion to accept the invitation of Alessrs. Chance Brothers and Co. to unite with 
them in attempts they were then making to improve the quality of glass. 'I'hey suc- 
ceeded in producing discs of extraordinary diroensions in flint of 29 inches diameter, 
weighing two cwt., and of crown gla-s up to 20 inches. Messrs. Chance, at the re- 
(‘umnieiidation of the Jury, were induced to submit their disc of flint-glass to the 
operation of grinding, finishing, and other processes necessary in order to ascertain 
the uniformity of its density throughout, and its superior quality woefully established. 

Al Alacag|f Clichy, near Paris, proposes to manufactare optical gloss, with the 
addition of^lrytes, magnesia, and oxide of zinc, in combination with boracic acid. 
Tile glass manuftictured by Bf. Maiis is exceedingly beantiful, but the boracic acid 
renders it very expensive. M. Cauchoix, the eminent French optician, says, that out 
of ten object glasses, 4 inches in diameter, made with M. Guinand's flint-glass, eight 
or nine turned out very good, while out of an equal number of object glasses nisde of 
the flint-glass of the English and French maunfaetories, only one, or two at most, were 
found serviceable. 

An uohromatio object glass for telescopes and microscopes consists of at least lore 
lenses ; the one made wi3i glass of lead, or flint gloss, and the other with crown glass; 
the former possessing a power of dispersing the coloured rays relatively to its mean 
retVaotiye power much greater than the latter; upon which principle, the aehromstism 

the inmge is produced, hj re-uniting the different coloured rays into one ficcus. 
three plans have been prescribed for otoining homogeneous pieoes of optical glssst 
L to hn a mass of it in large ladles, and let it Cool in them ; 2, to pour it oflt flrom 
tue piHs into moulds ; 3, to allow it to cOol in the pots, and afterwards to cot it eff io 
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horitontal itrata. The last method seldom affords pieces of noilbrm densit unless 
peculiar precautions have been adopted to settle the Hint glass ki unilbrm strata f 
bec4mse its materials are of such unequal densii) , the oshle of l<*ad haring a Sfie- 
cilic gravity of 8, and silica of 3*7, that they are apt to stand at irregnlar heights in 
the pots. 

One main cause of thesf> inequalities lies in the conitmothm of the fttmnce, whereby 
the bottom of the pot is usually much less bented f him the Upper pnrt In n plate glass 
ftirnace tlie temperature of the lop of the |»ot has Ihs n found to be 1 30 Wedgee , while 
that of the bottom wus only 1 10\ constituting a diff^ renee of no less than 26 F. 
The necessary eouscquenoc ii that Uie denser paHicies which subside to the bottom 
during the /Vision af the materiulr, and after the Ar^t ostric.i(iori ol the gnses. most 
nmiaiQ there, not being duly agitated by the eapaiinive fore* of raUirte, aeting (roxn 
below upwards. 

The following suggestions, diduci^d from a consideration of pni.eiplcs, mii> pro- 
bably lead to some improvciiicnts, if judiciously applied. The great ohjeer' is to 
counteract the tendency of the glass of lead to distribute itself into strata of diffenmt 
dcDsitiusi which may be effected cither by niechanicul agitaiioM or byappl>ing the 
grcaiiwt ben( to the botioiii of the pof. Rut liowevcc luimogem ous the gliihs may be 
thereby made, its Biibsequ<‘nt separation into strata of different dcusiiies must be pre- 
vented by rapid eooling iind solidiHeatioti. As the d« eper the pots, the greater is the 
chance of unequal apecitic gravity in then contents, it would bi* advituihlc to make them 
wider and shallower than those in use for making ordinary glass The interiniaturc 
may be effected cither by lading the glass out of one pot into another in the furnace, 
and baek again, with cotiper ladles, or hy stirring it up with a roiisi r, then allowing it 
to settle for a short time, till it becomes clear and free from air bubbles The pot 
may now bi^ removed from the furnace, in order to solidify its contents iu their ho- 
mogeneous state ; after which the glass may be broken in pieces, and be perfected by 
subji^cting it to a second fusidn ; or what is easier and quicker, we may form suitable 
discs of glass without breaking down the potful, by lifiing it out in flat copper ladles 
with inm shanks, and transferring the lumps after a little while into the annealing 
leer — Ure. 

To render a potful of glass homogeneous b} agitation, is a most difficult task, as 
an iron rod would discolour it, and a copper twl would be apt to melt. An iron rod 
sheathed in laminated platinum would answer well, but for its ea|tcnse. A stone- 
ware tube supported within by a rod of iron, might also be employed for the purpose 
in careful hands ; the stirring being re]>eated several times, till at last the glasn is 
suffered to stiffen a little by decrease of u>mperaturc. It must be then allowed to 
settle and cool, after which the pot, being of small dimensions, may be drawn out of 
the Arc. 

2. The second method of producing the desired uniformity of mixture, consists 
in appl) ing a greater heat to the bottom than to the upper part of the melting pot 
Ffy. 904 represents in section a furnace contrived to tffi>ct this object. It is c}hn- 
dncal, aod of a diameter no greater than to allow the flames 
to pby round the pot, containing fhim three to four cwts. of 
vitreous materials, a is ibc pot resting upon the arched 
grid 6 a, built of f<'c-bricks whose apertnres arc wide 
enough to let the flames ri«<. freely, and strike the bottom 
and sides (rfthc vessel. From l^ to 2 feet under that arch, 
the fuel grate c d\» placed, a c are the two working open- 
ings for introdueiog the niateriala and inspecting the progress 
of the fusion ; they must be closed with flre-tiles and luted 
with fire-clay at the beginning of the |>rocess. At the back 
of the tVimaoe, opposite the mouth of the fire-place, there is 
a door-way, i^hich is bricked up, except npon occasion of 
putting in and taking out the pot. The draught is regulated 
^ meana of a slide-plate, o|^ the mouth of the au-pit/. 

The pm being heated to the proper pitch, some purifled pearl 
ash, mixed with fully twice its weight of colourless qnartx 
san^ it to be thrown into it, and after the complete fusion of 
this mixture, the remaining part of the sand, along with the 
oxide of 1^ (fine litharge), is to he strewn upon the sur/kce. 

These silioeouB particles in their descent serve to extricate 
the sir from the mass. Whenever the whole is fiised, the 
heat must be atrongly urged to insure a omnplete uniformity 
of oombiiMtioo by the wtemal motions of the particles. As 
soon as t^ risss has been found by making test phials to be perfeotly fine, the fire 
most be withdrawn, the two working-holes roost be opened, as weU as tne mouths <k( 

BH2 
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ihf firt* l»l.ire and aih pit to admit five* ingrets to eoolin;^ cnmmts ofnir, ro as to can- 
goil the lii|iiid mofS uR fpiickly as posviMu; u oondition nsni'iitiiil to tlio uniformity of 
till* gluNH. It luiiy btt >»orth while to stir it a little with the pottery ro<l at the com- 
iiieiiueiiiefit of the c(M)ling proeess. The solidified glass may l>e afterwards detaeheil 
by a Imiiiiiier in conchoidal discs, which after chipping oiT their edges, are to W 
placed in proper porcelain or sloiio ware dishes, and exposed to a soAening heat, in 
<irder to give them a lenticular sha|>e. (Sreat care must bo taken that the heat thus 
applied by the muffle furnace Ik* very equable, for otherwise wrtMitbcs might he very 
readily reproduced in the discs A siiiull ovin upon the plan of a baker’s, is lust 
fitted lor this puriKwe, wliieh lieing heattni t4> dull redness, and then extinguished, is 
ready to solleii and uAerwards aiineat the conchoidal pieces. 

Uuinund's dense optical Hint glass, of specifie gravity .’VGIG, consists, by analysis, of 
oxide of lead, •lA'Or} silica, 44‘.1 ; luid |M»tasli, 1 1*75 ; but recpiires for its formation the 
following iiigriKlients ; — IdO pounds of ground ipinrtz ; loo pounds of fine rod lead ; .‘l.’i 
pounds of purified [mt.isb ; and froiii 2 to 4 pounds of sultp(>tro. As this B|)ecies of 
gl.iss is injured by an excess of potash, it should lx‘ compounded witli rather a defect 
of It, and melted by a prop(»rtionuhiy higher or longer heu'. A good optical glass 
has heen made in (Seriuaiiy with 7 parts of pure led lead, :i pans of finely ground 
iliiarlz, and 2 parts ftf ealeiued horax. 

5. qhiHH . — This, like Knglish crown-glass, has a soda Ilux, whereas flint-glass 

requires |H>lasli, and is never of good ipiulity when made with sixla. We Bhall di'-tn- 
bule our uceoiint of this manulaetiire under two heads. 

1. The difl'ereiit furnaces and principal mnehiius, without whose knowledge it would 
be imiiosohte to underKtaiid thi* seveial piwi*ss»*s of a plate-glass factory. 

2. The materials wh.ch c'liter into the eomiMisition of this kind of glass, and tlic 
fUMies of operations which they undergo ; devoting onr chief attention to the changes 
and iiiiproveiiients which long ex{icrienee, enlightened by modern ohemiMry, has intro- 
diiced into tiu* gn^at manufactory of Saint-Gobain in France, uiuler the direction of 
M. 1'assaert. It may however be remarked that the English plate-glass munufactiire 
derives peculiar advantages from the excellence of its grinding and polishing ma- 
eliiuer}, 

'riie following description given by Dr. lire refers almost entirely to the maniifac- 
liiiv of plate glass in France. It is retained in nearly its original form, and is, in 
nearly all resp« ctB, eqiiall) applicable to the manufacture of the best plate glass in this 
country. 

't'he clay for making the bricks and pots should be free from lime and iron, and 
ver) refractory. It is mixed with the powder of old pots passid through a silk sit ve. 
If the clay he very plastic it will bear its own weight of the powder, but if shorter in 
quality, it will take only three-fifths. But In'foro mingling it with the cement of old 
pots, It inusl he dried, bruisixl, then picked, ground, and finally elutriated by agita- 
tion widi water, decantation through a hair sieve, and subsidence. The clay fluid after 
I assiiig the siett* is called tth'p {coulis). 

The furnuce is built of dry bricks, cemented with slip, and has at each of its four 
angles a peculiar annealing arch, which communientes with the furnace interiorly, and 
llienee derives sufficient heat to effect in part, if not wholly, the annealing of the pots, 
which are always deposited there a long time before they are used. Three of these 
arches, exclusivtdy appropriutod to this purpose, are called pot-arches. The fourth is 
c.iIKhI the arrh of the materiak^ because it servos for drying them before they ore founded. 
Each arch has, moreover, a principal opening called the throat, another called Ao/imi/f/, 
by the French workmen, through which fire may bo kindled in the arch itself, when it 
was thought to he necessary for the annealing of the pots ; a practice now abandoned. 
The dui'atiou|f a furnace is commonly a year, or at most 14 months; that of the 
arelics is 3U ^H's or upwards, as they are not exposed to so strong a beat. 

Ill th(> manufacture of plate-glass two sorts of crucibles are employed, called the 
pots and the basius (cuvettes). The first serve for containing the materials to Im> 
founded, and for keeping them a long time in the melted state. The curettes receive the 
me’ tod glass after it is refined, and decant it out on the table to be rolled into a plate. 
'J'hreo pots hold li(]^uid glass for six small basins, or for three large ones, the latter being 
employed for making mirrors of great dimensions, that is, 100 inches long and up- 
wards. ‘Furnaces have been lately constructed with 6 pots, and 12 onvettes, 8 of which 
are small, and 4 large ; and cuvettes of three sixes are made, called sma//, middling^ and 
large. The small are perfect cubes, the middling and the large ones are oblong pa- 
rallelopipeds. Towards the middle of their height, a notch or groove, two or three 
inches broad, and an inch deep, is left, called the girdle of the cuvette, by which 
they are grasped with the ton^, or rather are clamped in the iron fWuoae. This ftame 
goes round the four sides of the small ouTettes, and may be placed indifferently upon 
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■II their tiidn; in the olhi r rntcllea, the girdle extendi nnl) orer the (wo htrge tidei, 
bfcuiidv tho) cunnot lx* tunu'd up Soi> m r^fif UUA, p 960. 

The poi iH an inverted truneatiM poims like a ernvin plan pot It ia about 90 invlips 
bigli, and from 30 to 32 mchcb widr, including it* thickucn. There U only a few 
iiiplich of difference Iwtuipn tV diuiiii ter of th» lop nnd that ol the bottom. The 
hottoiii ia three inches thick, and ih< IkkIi tutna rrmiiially thiiini r till it ig an ineh at 
the mouth of the yot 

'I’he larg*' iMiildmg or faetoi), of wliuh the im-lfiig funiHii oekopies the middle 
8]>:ici, is culled tin tutUe in rrench. At ]ta\eiiheiid in IdUiirnisinie it is ualliHl the 
foiindi*}. and is ot magnificent diim'iisinns. Us length in 330 feet, timl as breadth 15'i 
TIu* t inioiis htilh of Sr. (Sohain 174 feet by 120 Motig the side walls of the 
/iif/e , which are bolidly euiiMnu !< >1 id hewn stont (!iei< are up* lom * hki (lioM* of 
(oiiiiiioii ovens. Ttu*sc ovens, destined for the jiiik ibiig of (In newl} last plates, 
)ii‘:ii the naim of rattjvatst Their soleft are raist^U two teet and a half aho\e the h \el 

(hegniuitd, iti order to hung them into the sjiiie horiroutal pl.iiie with the casting 
(.tbits, 'i'liei; length, aiuoiintiiig Soinetiims to 30 f et, and ili< 'r bieadth to 20, ate 
r(M{uircd in orclt>r to aeeonmiodate 6, 8, or < von Iti platts of ghi'-s uhtngtiide of each 
I tber TIu front up itiireis culled the (hioat, uiid the buek dom- the little ihioat 
I fininUtU ) 1 he cartpintbc is heated hy means of a hn place of a square loriii ealhxl 
I / Attr, w hieh extends along its side. 

I'lie founding or melting furnace is a squarv brick building laid on solid foundations, 
liM ip from s to 10 feet in caeli of its trouts, and rising inside into a vault or crown 
ihout 10 feet high. At each angle of this Mpinre. a smalt oven or arch is eoiihtntcted, 
hk<'viise vaulted within nnd eoiniiiinruMtiiig with the melting furnace hy hqmtre fines, 

V 'I lied /H»/hrs, through w hu-h it reet ivts a powerful heat, though itiAt h inferior to that 
I oitiid th«» |M)ts 'Do nreln s are so disti ihuted os that two of the exterior sides of the 
tunuiee stand wholly liee, while the two other sides, on which the arches ciicroiieli, 
oflei a flee sjmco of only 3 feet. In this interjaci'nt space, two principal openings of 
thi' liirmico, of tqUiil size in each side, are leA in the hn tiding. These arc cuIIihI 
tiiiim Is They are distineil for the introductioii of the pots and the fu«d. 

On looking through the tunnels into the inside of the furnace, wo |H>rceivc to the 
light hand and the li ft, along the two fice sides, two low platforms or sirges, ul least 

30 inches in Imight and breadth. Sec,/ig«. 80G, 89H. 

'I'licse siff/cff (seats) lieing intended to sup])ort the pots and the cuvettoa filled with 
heavy materials, are terminated by a slope, which ensures the solidity of the fire>clay 
tiioiiiid. The slopes of the two sieges extend towards the middle of the fiirmiee so 
near as to leave a space of only from 6 to 10 inches bt tween them fur the hearth. 'Dig 
end of this is perforated with a hole sufficiently large to gi%e passage to the liquid glass 
of a broken ]K>t, while the rest is preserved by lading it from the mouth into the ad> 
joiiiiiig cuvette. 

In the two large parallel sides of the furnace, other ajiertures arc leff, much sniall(‘r 
than the tunnels, which are called umiffeaux (peep boles) The lower ones, or the 
tturteaux en to, called ew'eUe openings, liccaiise, being allotted to the admission of these 
'essels, they arc exactly on a level with the surface of the and with the floor of 
the knlU\ Plates nf cast iro.i f*»riii the thresholds of these oi»cnmg‘, and facilitate the 
iiigiriws and egress of i) r fMivt'tnw I'he aperlorei are arched at to|i, with hewn stone 
like the fiiiiiiels, and are 18 inches wide witen the cuvettra are 16 inches broad. 

The upper and smaller apertures, or the higher ourrcaiijr, called tlie latitng holes, h<»- 
eausc they serve for transvasing the liquid glass, are three in number, and are placed 

31 or 32 inches above the surfaci of the tieyei* As the pots are only 3u inches high, 
it becomca easy to work through these openings either in the pots or the curc/tet. 13ie 
pots stand oppoaite to the two pillars which separate the openings, so that a space is kfl 
between them for one or more rapct/ea according to the size of the latter. It is obvious 
that if the tunnels and ovfrmnur were Jeff open, the fnrnace would not draw or take the 
requisite founding heat. Hence the opi'ningt are shut hy means of Are tiles. These 
arc pul in their places, and removed by means of two holes left In them in corre- 
s|ionde»oe with the two prongs of a Urge iron fork supported by an axle and two iron 
wheels, and terminated by two batkUcs which the workmen fay hold of when they 
wish to move the tile. 

The closing of the tunnel is mord complex. When it is shut or ready for the firing, 
the aseitnre appeara built up with bricks and mortar i? jm the top of the arch to the 
middle of the tunnel The remainder of the door-way is closed, — 1. on the two sides 
dowu to the bottom, by a small upright wall likewise of bricks, and 8 inches br^, 
called walls of the gktge ; f, by an asaembla^ of pieces called piecea of the glape, be* 
cauvt* the whole of the closure of the tunned bears the name of The upper hole, 

4 inches aqoare^ is called the fisar, thiongh which hilleta of wood are taised into the 
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fire. Fiivl i> aIho introduced into the posterior opening. The fire is always kept up 
nn the hearth of the tunnel, which is on this account, 4 inches higher than thefiimace- 
hearth, in order that tlie glass which may uecidentally fall down on it, and which does 
not flow off by the bottom hole, may not impede the combustion. Should a bo<iy of 
glass, however, at any time obstruct the grate, it must be reiiiOTcd with rakes, by open- 
ing the tunnel and dismounting the fire-tile stoppers of the ytaye. 

Formerly wood fuel alone was employed for heating tht* melting-furnaces of the 
mirror* plate manufactory of Saint-Gubaiu ; but within these few years, the director of 
the works makes use with nearly equal advantage of pit-coal, in the same establishiiient, 
two melting furnaces mii} be seen, one of which is fired a ith wood, and the other w ith 
coals, without any difference being perceptible in the quality of the glass furnished by 
either. It is not true, as has lK‘eti stated, that the introduction of pit-coal has made it 
necessary to work with covered jiots in order to avoid the discolouration of the materials, 
or that more alkali was required to compensate for the diminished heat in the covered 
pots. They arc not now co>ered when pit-conl is used, and the same success is ob- 
tained ns heretofore by leaving the materials two or thn‘e hours longer in the pots and 
the cuvettes. The coiistriictioii of the furnaces in which coal is burned is the same 
os that with wood, with slight modifications. Instead of the close bottomed hearth of 
the wood furiiuce, there is an iron grate in the coal hearth through w hieh the air 
enters, and the w ante ashes descend. 

When billots of wood were used as fuel, they were well dried beforehand, by being 
]>liiced a few days on a frame work of wood culled, the wheel, placed two feet above 
the furnaet' and its arches, and supported on four pillars at some distance from the 
angles of the building. 

The progress of chemistry, the discovery of a good process for the manufacture of 
soda ft'om sea salt, which furnishes a pure alkali of uniform power, and the certain 
methods of ascertaining its purity, have rendered this department of glass-niuking far 
more certain than fbriiierly. At Saiiit-Gobain no alkali is employed except artilicial 
crystals of soda, prepared at the manufactory of Chauny, subsidiary to that estab- 
lihlinient. The first crop of soda crystals is reserved for the plate-glass inaiiiifac- 
ture, the other crystals aud the mother-water salts arc sold to the makers of inferior 
glass. 

If glass contains much lead it has a yellow tint. If manganese is present it changes 
by the action of light to a pale rose. Iron imparts a dull greenish tint ; therefore the 
proportions of all those muteriiila should Im* adjusted with gi'eat care. 

At the inirror-plute works of Havenhead, near St. Helen's in Lancashire, soda crys- 
tals. from the decomposition of the sulphate of soda by chalk and coal, have been also 
triid, but without equal success as at Suint-Gobuin ; the failure being unquestionably 
clue to the impurity of the alkali. lienee, in the Engl sh establi*!hnient, the soda is ob- 
tained by treating sea-salt with pearl-ash, w'hence carbonate of soda and muriate of 
potash result. 'J'be latter salt is crystallised out of the mingled solution, by evapora- 
tion at a moderate heat, for the carbonate of soda docs not readily crystallise till the 
teiii[KTuture of the solution fall lielow 60^ Fahr. When tlie muriate of potash is thus 
rtmioved, the alkaline carbonate is evaporated to dryness. 

Lung experience at Saint- Gobuin has proved that one part of dry carbonate of soda 
is adequate to vitrify perfectly three parts of fine siliceous sand, as that of the mound 
of Auluont near Seulis, of Alum Hay in the Isle of Wight, or of Lyon in Norfolk. It 
is alho known that the degree of beat has a great influence upon tho vitrification, and 
that increase of temperature ^ill compensate for a certain defieiency of alkali ; for it is 
certain that a very strong fire always dissipates a good deal'of the soda, and yet the glass 
is not less beautiful. The moat perfect mirror- plate has conatantly afforded to M. Vau- 
quelin. in analysis, a portion of soda inferior to what bad been employed in its forma- 
tion. Hence, i^us become tlie practice to add, for every 100 parts of eullet or broken 
plate that is ^ith the glass composition, one part of alkali, to make up for the 
loss that the oia glass must have experienced. 

To the above mentioned proportions of sand and alkali, independently of the eullet 
which may be used, dry slakisl lime carefully sifted is to be added to the amount of 
one seventh of the sand j or the proportion will be, sand, 7 owt. ; quicklime, 1 cwt } 
dry carbonate of soda, 2 cwt. and 37 lbs. } besides eullet The lime improves the quality 
of the glass ; rendering it less brittle and less liable to change. The precc*^ng quan- 
tities of materials, suitably blended, have been uniformly found to afford most advan- 
tagenns results. The practice ibnnerly was to dry that mixtnre, as soon as it was 
made, in the arch for the materials, but it has been sscertained that this step may be 
dispensed with, aud the small portion of humidity present is dissipated almost instantly 
^er they are thrown into the Ihmaoe. The coat of glase previo^y applied to the 
prevents the moisture firom doing them any harm. For this reason, 
when the demand for glass at Saint-Gobain is vc,ry great, thi materials are neither 
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fritted nor otcd dried, but sbovelled directlj into the pot ; this If Cfllod founding raw. 
Six workmen are employed in ehovelling in the materials either fritted or otherwise, 
for the sake of exptdituu), and to prevent the furnace glutting cooled. Onc-third of 
the mixture i« introduced at first *, whenever this is melted, the second third is thrown 
in, and then the last These three stages arc called the first, sei'oad,aud third fusion 
or founding. 

According to the ancient praclice. the founding and refining were both executed in 
the pota, and it was not till the glass was refined, that it was laded into the cu>ettes, 
where it n*mained only 9 hours, the time necessairv for the disengagement of (he air 
bubbles introdiieeil by the trausvnsion, and for gt^mg the mifu/ (ho |ro}H*r consistence 
for casting At pri sent, the period requisite foi founding and refining is equally 
dt\ided bHween tiie pots and the emu ties. The niau rials ari' left iC hours in the pots, 
and as many in the cuvettrs; so that in d2 hours, tin pdass is ready ro U* cast During 
tin last two or three hours, the fireman or (>se»» c< oses to add fuel ; all the openings 
are shut, and tlie glass is allowed to assume thi* requisite fluidity , itn op«‘r:iti(m callt d 
»topping the glass, or prrfoming the eerrmemy. 

The transfer of the glass into the riirctfcv, is called ladinti (itejrtage). Before this is 
done, the cuvettes are cleared out, that is, the glass remaining on their bottom is re- 
moved, and the aahus of the firing. They an* lifted rt^l hot out of the fiirnoee by the 
iimthod piisently to be deacriVed, and placed on an iron plate, near a tub filled 
with WBtei. The workmen, by means of iron paddles 6 feet long, flattened at one end 
and hainiiiered to an edge, scoop out the fluid glass expeditiously, and throw it into 
water } the cwwifcs arc now returned to the fhmace, and a few minutes afterwards the 
lading begins. 

In thia operatuio, ladles of wrought iron are employ ed, fornished with long handles, 
which are plunged into the pots through the upper openings or lading holes, ami 
immediately transfer their charge* of glass into the buckets. Each workman dips his 
ladle only three times, and empties its confonts into the cuvette. By these three 
iiniuersions (whence the term trijeter is derived), the large iron spoon is heated so much 
that when plunged into a tub full of water, it makes a noise like the roaring of a lion, 
which may he hoaixl to a \ery great distance. 

The founding, refining, mid ecremoNv being finished, they next try whether the gIa*'S 
be ready for casting. With this view, the end of a rod is dipfied into the bucket, which 
is called di awing the gltm; the portion taken up Inuiig allowed to run off, naturally 
assumes a pear-shape, from the appearance of which they can judge if the consistence 
lie proper, and if any air bubbles remain. If all be right, the cuvettes are taken out of 
the furnace, and conve) cd to the part of the haile where their contents are to be poured 
out. Tina process requites peculiar instruments and manipulations. 

(Justing. — While the glass is refining, that is, coming to its highest point of perfec- 
tion, preparation is made for the most important process, the casting of the plate, whose 
success crowns all the preliminary labours and cares. The oven or co/qtfur*" destined 
to receive and anneal the plate, is now heated by its small fire or fisar to such a pitch 
that its sole may have the same temperature as that of the plates, being nearly red- 
hot at the moment of their being introduced. An unequal degree of heat in the 
carquatM would cause breakage of the glass. The casting table is then nilled towards 
the front door or throat, by means of lexers, and its surface is brought exactly to the 
level of the sole of the 

The table T,y^. oori, is a mass of bronxe, or now preferably cast-iron, alioot 10f(*et 
long, 5 feet broad, and trout b to 7 inches thick, supported by a frame of carpentry, 
w hich rests on three cast-iron wheels. At the end of the table opposite to that next to 
the front of the oven, is a very strong frame of timber-work, called (he puppet or 
standard, upon which the bronxe roller which spreads the glass is laid, before and 
after the casting. This is 5 feet long by I foot in diameter ; it is thick in the metal 
but hollow in the axis. The some roller can serve only for two plates at one casting, 
when another is put in its place, and the first is laid aside to cool ( for otherwise the 
hot roller would, at a third casting, make the plate expand unequally, and cause it to 
crack. When the rollers are not in action, they arc laid aside in strong wooden trestles, 
like those employed by sawyers. On the two sides of the table in the line of its length, 
are two parallel bars of bronxe, f, t, destined to support the roller during its passage 
from end to end ; the thickness of these bars determines that of the plate. The table 
being thus arranged, a crane is had recourse to for lifting the envette, and keeping it 
suspended, till it be emptied npon the table. This raising and snspention are effeeteit 
by means of an iron gib, fhmiahed with pidleys, held noriaontally, and which turns with 
them. 

The tonga, %Jtg. 905, are made of four iron ban, bent into a square frame in theif 
middle, for embnuriog the bneket Four chains prooeeding from the eoroen of fhe 
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friiiif V. an* uniti<<l at their other eudn intoariof; which fits into the loNik of theenuic 
*J'hiiiK» being thua arranged, all the workmen of the foundry co-operate in the mauipu- 



1 it ions of till' CiiHting. Two of them fetch, and place quickly in front of one of the hm er 
iip*'niti(>!t, the aiimll euvette-cnrriage. which lH‘ars a forked bar of iron, liUMiig tuo 
pronga oorrehponding to the two holes left in the firo-tile dwir. This fork, mounted 
on the a vie of two cust-irou wheels, extends at iu other end into two brunches ter- 
iiiiiialcd by hutulies, by which the workmen move the fork, lift out the tile stopper, 
itiul set it down against the outer wall of the fiimdce. 

TJie ifiHiaiit thebe men retire, two others ]Mihh forward into the opening the extiv- 
luii^ of the tongb'Cnrriage, so as to seize the bucket bv the girdle or rather to clamp 
It At the Buiiie turns a third workman is busy with an iron pinch or long chisel, 
del.iehiug the bucket from its seat, to which it olieu adheres by soiiie spilt glass, 
Mhene\erit ib free, be withdrawb it from the furnace. Two powerful biunches of 
lion united b} a b dt, like two seisbor bladcb, which open, come together, i iid join h} 
a qtiadiaut near the other end, form the tongs euriMge, whieli ib mounted ujmn t^io 
w liei Is like a truck. 

The hjiiie debiiip i'lu will appU aliimst wholly to tlie iron-plate earriage, oti which 
tile hueket is laid tlie iiioineut it is taken out of the furnaee ; llic only ditfereiiee in its 
enustiuetiou is, that on the heiit iron bars which toriu the tail or lower steps ol this 
eariinge (in place of the longs) ib pcrmuiieutl} fabteiied au iron jilate, on which the 
biiekei IS placed and laiiied tor the casting 

AVheueter the runtte is set upon its carnage, it must be rapidly w heeled to its station 
near the erniie 'J'lie tongs T alMiee describe are now applied to the girdle, and are 
ilieii hiMiked ujum the crane by the suspension chains, lii this position the bucket ib 
bkimiiied b\ menus of a copper tool called a subre, because it has nearly the bhape of 
that weapon. Lvery portion of the matter removed by the babre is thrown into a 
eoiiptr ladle (jHKhe'de ^inin), which is emptied from time to time into a cisterii of 
w iter. After being skimmeA the bucket is lifted up, and brushed >ery clean on its 
Milts and bottom; then the doable handles of the bU8)Kmsion-tongH it is swung 
I mind to the table, where it is seised by the workmen appointed to turn it over; the 
lolier having licen previously laid on its ruler bars, near the end of the table which ib 
in eoniuct with the annealing oven. The rwfWr^-inen begin to pour out towards the 
I ight extremity k of the roller, and terminate when it has arrived at the left extremity 
1>. While preparing to do so, and at the instant of casting, two men place within the 
ruler- bur on each side, that is, between the luir and Hie liquid glass, two iron instru- 
iiientb called m m, m m, which prevent the glass from spreading beyond the 

rulers, whilst another draws along the table the wiping bar c r, wrappeid in linen, to 
lemove dust, or any small objects which may interpose between the table and the 
liquid gloss. 

' Wlieiievor the melted glass is poured out, two men spread it over the tabic, guiding 
the roller slowly and steadily along, beyond the limits of the glass, and then run it 
sinartly into the wooden standard prepared for its reception, in place of the tn^stleb v v. 

The empty bucket, while still red-hot, is hung again upon the crane, set on its plate- 
iron earriage, freiHl from its tongs, and rephiced in thn furnace, to lie speedily cleared 
(Wit unew, and charged with fresh fluid from the pots. If, while the roller glides along, 
the two woiktncn who stand by with picking tools perceive tears in the 'matter in ad- 
vdiiei* of the roller, and can dcxtrously snatch them out, they arc suitably rewarded, 
according to the spot where the blemish lay, whether in the centre, where it would 
nave pro\eU mobt detrimental, or near the edge. These tears proceed usually from 
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mnall portions of 8*'nn- vitrified matter vihich fall from tlie Taalt of the furnace, and 
fioiu their deosity «H*cQp> the bottom of the chi elicit. 

While the plate is still red-hot and ductile, almiit 2 iurhes of its end opposite to the 
cttufiiuikc door is turned up with a tool ; this imrtion it called the kmd qf' the mitton 
ii|i,^iii8l the outbideof this head, the shfivel, in the shai>e of a nke without teeth» is ap- 
plied, with which the plate is eventually puahiMl into the oven, while two other work- 
men press u|K)n the iip|K>r part of the head with a wooden pole, elftht feet ]on|i;, to 
pivik*rve the plate in ita lionsontal poeitioii, and prevent ita hemg war|ied, 'i'be plate 

now li^ for a few nionients near the throat ot ihe ror^NiiiAC, to give it soliditv j 
after whieli it is jKished further iu by meuiis of a \* ry long Von tool, whoso ottremfty 
IS foiked like the letter y, and hente bears that nsiiK ; and is thereby arranged in tbv 
iiuMt suitable siku for allowing other plates to he introtluced. 

Iliiwe\er iiuiiienms tin iniiuipiiljtums eacented Inuii the moment of withdrawing 
tbi. vMvvttc from the furnace, till the euM-platc i** pushed into the anmalingoien, they 
are all perlonned in less thiin fi,‘ minutes. 

When all the plates ol the same casting have hecn plaeed m the foryi/otsr, it is 
s aled up ; that is to say, all its orifices are closed with sheets of iron, surrounded and 
I' iide tigiit with plastic loam. NYith this preoaution, the cooling goes on slowly and 
etpiably 111 every part, for no cooling current can have access to the interior of the oven. 

After an pi*rtvctly cooled, the plates arc carefhlly withdrawn one allcr nuolher, 
k<‘«ping tliem nil the while in a horizontal position, till they are entirely out cf the 
cmquame. As soon as <'ach plate is taken out, one sot of workmen lower quickly and 
hieailily the edge which they hold, while another set raise the opposite edge, till the 
glass Ih‘ plaud upright on two cu.Hhionh stuffed with straw, and covered with canvas. 
In this vertical |»ositioii they pass thioiigh, beneath the lower edge of the plate, three 
girths or straps, each iour ftHJt long, thickened with leather in their middle, and ending 
111 Wfoodeii handles ; s<i that one embraces the middle of the plate, and the other two 
tin* ends ’!'»»< workmen, six in number, now seise the handles of the strajis, lift up 
i)ie glass cloM‘l} to their IkkIics, and convey it with a regular step to the warehouse. 
Hen the head of the plate is first cut off with a diamond square, and then the whole is 
attentively cxaiuined, in releriuice to its defects and imperfections, to determine the 
fcccuoub which must be made of it, and the eventual size of the pieces. The parings 
and small cuttings detached are set aside, in order to be ground and mixed with the 
raw materials of another glass*|K)t. 

The apartment in which the roughing-down and smoothing of the pUtes is per- 
formed, ih furnished wilii u considerable immlicr of stone tables, truly hewn and placed 
apart like biilianl tables, in a horizontal position, about 2 feet above the ground. 
They are rectangular, and of different sizes proportional to the dimensions of the 
plates, which they ought always to exceed a little. These tables are supported either 
on Slone pillars or wooden fynnies, and arc surrounded with a wooden board whose 


upper edge sttinds somewhat below their level, and leaves in the 8[>acc lietweeu it and 
the stone all round an interval of 3 or 4 inches, of which we shall presently see the uso. 

A cast plate, unless formed on a table quite new, has always one of its mces, the one 
next the table, rougher than tbeother i and with this facing the roughing-down begins. 
'With this view, the smoother face is cemented on the stone table with Paris-plaster. 
Hut often instead of one p>nte, several are cemented alongside of eaoh other, those of 
the same thickness being cou^ully selected. They then take one or more crude 
plates of about one-third or Mie-fourtb the surface of the plate fixed to the table, 
and fix it on them with liquid gypsum to the large base of a quadrangular truncated 
pyramid of stone, of a weight proportioned to its extent, or about a pound to the 
s<|uare inch. This pyramidal muller, if small sized, bears at each of its angles of the 
up|>er face a peg or ball, which the grinders lay hold of in working it ; but when of 
greater dimension, there is adapted to it horizontally a wheel of slight eonstruetioD 
9 or 10 feet in diameter, whose circumference is made of wood rounded so as to be 
seized with the hand. The upper plate iz now rubbed over the lower ones with 
luoistened sand applied between. ' 

This operation is however performed by machinery. The nnder plate being fixed 
or imbeMed in stucco, on a solid table, the upper one likewise imbedded by the same 
cement in a cast-iron frame, has a motioo of circumrotation given to it, closely resem- 
bling that commauicated by the human hand and arm, moist sand being suppHfid 
between them. While an exeentric mechanism imparts this double rotatory movement 
to the npptr plate round its own centre, and of that ti ntre round a point in the lower 
plate, thM plate placed on a movable platform changes iu position by a slow horizontal 
motion, both in the direction of iu length and iu breadth. By this ingenious con- 
trivan^, which twrvad^ the whole of the grinding and poUsbiog ma^inery. a re- 
Di^hable regularity of fnctioo and truth of surface is product When the platcz are 


sufficienUy worked op one face, they are revered in the framei, and worked togethe! 
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on the other. The Peril plaiter ii niraally coloured red, in order to ihow any dofecti 
ill the gliiRi. 

The Niiioothing of the plates is effected on the same principles hy the use of moist 
cnier> washed to successive degrees of fineness, for the successive stages of the ope- 
ration; and the polishing process is performed by rubbers of hat-felt and a thin paste 
of coicothar and water. The colcothar, called also crocus, is red oxide of iron pre- 
pared by the ignition of copperas, with grinding and elutriation. 

The last part, or the polishing process, is performed by hand. This is managed by 
females, who sliile one plate over another, while a little moistened puity of tin finely 
levigated is thrown Indween. 

Large mirror-plates are now the indispensable ornaments of every large and sump- 
tuous apartment ; they diHtise lustre and gaiety round them, by reflecting the rays of 
light ill a thousand lilies, and by multiplying indefinitely the images of objects placed 
between op|K>aite parallel planes. 

The process of silvering plate glass will be described nndcr Mirrors. For the 
production of the perfectly plane surface required to ensure true reflection, a process of 
the most careftil ^Ushing is required. It will not differ from the process already 
desoribed in any respect, beyond that of the extreme care which is required. 

Not only is this great exactness of surface required for the production of mirrors 
of high class, but it is even more necessary in the plates of gla&s employed in the 
production of ** the Ghost,” as it is called, which has of late excited so much 
of the public attention at the Polytechnic InsLitution, and elhcwherc; this 
phenomenon lieing due to the total remHrtion of highly illuminated objects, which 
arc hidden fVom the spectators, from the plane surface of highly polished plate 
gliiss. 

I'he progress of the plate glass manufacture is very instructive. Owing to the 
obstruction of Excise regulations, notwithstanding the reduction of the duty in 1819 
to COa. per cwt, the production in 1836 was but about 7,000 feet per week. In the 
latter year, however, the inauufacture ceased to be confined to two houses ; new 
estahlishnients were formed, and in 1845 the production had more than trebled, at a 
greui reduetion of price. In 1845 the Excise duties on glass were abolished, and Sir 
It. Peel, in proposing their abolition, said, ** If you leave the munufacture altogether 
dibburdetied, as iu France and Belgium, then, w'ith your peculiar advantages of 
innteriul, the coniniand of alkali and coal, niy belief is, you will supply almost the 
whole world.” And, thanks to the wisdom of that measure, freedom from fiscal 
regulation has opened the door to extraordinary advantages, by means of which the 
cost of production has been reduced to a (loitit below that of any other country. In 
Goui the savings effected hy unrestricted action arc no less than 80 per cent, in quan- 
tity alone, involving a corresponding decrease in the cost of furnaces, fire-clay, pots, 
tools, labour, and also in the erection of buildings that now suflice. The cost of coal, 
therefore, which, in London, in 1SS6 exceeded 1a. lOd. on each superficial foot of 
glass, is now about 2</. per foot Sand also, which is its base, forming as it does 
nearly three- fifths of its com|)OBition, is now obtained near London in boundless 
supplies at 3«. fief, and imwards f>cr ton, of a quality superior to Lynn sand formerly 
used at 18«. per. ton. The direct charge of labour, which in 1826 exceeded 1«. fid. 
per foot, is now about Sd. per foot, and, notwithstanding this enormous reduction of 
more than 7U per cent, the average rate of wages for skilled labour is higher by 20 
per cent than forty years ago. In 1819 two furnaces, each having a huge chimney- 
shaft, were required to pr^uce 1 ,000 feet per week, while at the present time two 
fimiaces, with ouly one ebimuey-fbaft, suffice for the production of 12,000 feet, with 
the same, if not a less, consumption of fuel. Similarly, though in a lem degree, 
grinding and polishing benehes which then finished 200 feet each per week, now 
Hccotnplish 5J^eet to 700 feet which, by judicious means, may ^ still further 
increased to^Ro feet and upwards. By these means the whole cost has been 
redact'd to nearly the price of common duty-paid window glass thirty years ago; 
and wherens in 1819 the British make was 3,000 feet per week, sold at 20*. to 25«. 
per foot, it is now 140,000 feet, selling at 2*. and upwards according to quality. The 
former superior make of this country has, indeed, been greatly neglected, and this 
has led to a very large increase in the import of the finest fabrics of Fninee and 
Belgium, so that these imports amounted in 1862 and 1863 to about 16,000 feet per 
week, and those countries have had a corresponding sale in foreign markets in the 
absence of such supplies ftom England ; but still the exports of British plate glass 
have increased about tenfold since 1849. Ho manufacture of this descrij^oU exists 
in all the eastern hemisphere nor in the whole of America ; the Japanese mirror 
■till Gonsistt of costly, highly-polished steel. At home, glass is now extensively 
tksed in slabs for flooring and uodergronnd purposes, combining at it does greater 



GLASS. 


4?r) 

itn'nfT'li tban the York flaft. '\tth the additional adTantage of conveying light; 
and siahfl tinted at W^Ktlwieli dockyard have been found to bear a preeeure ezcwd* 
ing n ton weight. About twenty-five yeAiu ago, a aupply of aneh alabe waa required 
for the i»ur)ioi»e of flooring a palaet* of one of the native princei of India, bnt the 
Kxriae refitrictioriK tlien prevailing precluded ita «>upply fram lhagland at leaf tban 
nos per foot ; it eould now be afforded at fia. to 4a. Tbe sueceiaful applloation 
of gloBS also to the aheathtng of iron ahipa, aa recently leated in the Royal Navy, 
and the eoriRequent fVeelom from the incriMtaM*ifi ioaepamhte from both wood and 
iron, indicate^ a lu w and important opening in il e fartW fimgreaii of the trade. In 
fact, ita true iHisitum has }et to hi aMainf d, when the resourcea of thia eonntry ahall 
have stimulated that more full devcloptnent of uhleh ft la auaceptible, and Great 
liririiin shall, as the author of the treedo.m of this induilry predieiod. ** supply almoet 
the whole world.’* 

lioheinian yi (««. - M. Peligot atates that the hard glass of Ridieima is composed of 
ItH) parts of sdie.). Vi part^ of ipiieklmte, and onl} *i8 parts of carbonate of potash. 
Tliesti proportions give a glass quite unmanagealde in i>rdinary furnaces ; but the ad- 
liitiou of a cmnparutivel} siimll quantity of horacic acid it ca|iahle of detenniiiiitg 
fusion, and ilie rt*snlt » a glass having all the retjuitite hinpidit) at a high temperature, 
iind possessttig at the same time n gnat brillianey and )iardn(ii«i> 

The Ihd 1 iiiMU glass is, within certain limits, perfectly tlnslic. and very sonorous ; 
when well made, it is suffioiently hard to strike fire with steel, and is scratched with 
difficulty The lead glasses, ou the other hand, have but little hardness, and less iii 
)iro)K)rricm as the> contain more oxide of lead *, besides which they rapidly lose their 
hnltianey by iim* 

Tile silica wmoh is employed in llnhemis in the manufacture of glass, is obtained by 
ntlelning crystulliue quartx, and afterwards pounding it while dry. When the quarts 
ha*' lieen heated to a clietry-rcd, it is withdrawn from the fire, and thrown imme* 
diuti ly into cold wntir. 

VlmostuU the IhduMinan glass is a potash glass, because soda and its salts mve to 
glcibs a sensible yellowish tint. The limestone which is used is ss white ns Ourraia 
intirble. The city employed for the crucibles is very white, and consists of silica, 
alumina, ; and water, 1.1^1. 

The manufacture of glass in Bohemia is of very high antiquity, and the same peeu- 
liundeH have always Ik longed to the true Bohemian waiiufaeture. 

In ourmmiern times the Bohemian glass has been more espt^clally celebrated for 
the beautiful varieties of colours which arc produced. See Gi.ar8. coloiirku. 

renetiaii From an early date the city of Venice has been celebrated for 

its glass ; the reticufaletl yltsM, tbe crackle, ykiss, and the glass paperweights, or milic- 
fiote, are all due to tbe Venetians. 

Tlic manufacture of ///ass fteadi at Murono, near Venice, has been carried on for an 
indefinite period, and Africa and Asia have been supplied from their glass-houses. The 
process is most ingeniously simple. Tubes of glass of every colour, are drawn out to 
great lengths in a gallery adjoining the glass-house pots, in tbe same way as the more 
moderate Uragtlu of thermometer and haromoter tubes are drawn in our glass-honsos. 
These tubes are chopped iuto very small pieoes of neorly uniform length on the up- 
right ed|^c of a fixed chibi ^ These elementary cylindeis being then put in a heap 
into a mixture of fiin' band and wood ashes, are atirred about with an iron spatula till 
their cavities get filled. Thi» curious mixture is now transferred to an iron pan sus- 
pended over a moderate fire, and continually stirred about as before, whereby the 
cylindrical biu assume a smooth rounded fbrm ; so that when removed from tbe firs 
and cleared out in the bore, th<>\ constitute beads, which are packed in casks, and ex- 
ported in prodigious quantities to almost every country*. See OicMS, inTiFiciAL. 

The manufacture of reticulated glass for which Venice waa equally celehrafed, was 
hmg lost ; it was at length revived by Pohl, and the crackle glass was in like manner 
reproduced by Mr. Apsleyr Pellattin 1851. 

Tbe reticulatiHl glw is produced by a kind of network consisting of small 
bubbles of air inclosed within the mass, and ranged in regular series crossing and 
interlacing each other. To produce this ornamental apuMranee, hollow glass cones 
or conical tubes art kept prepared, containing already this network arrangement of 
air bubUea These tabes are made by arranging a number of small glass rods round 
a centre, so w to form a cylinder, and fixing them in this position by melted glass. 
The cylinder is then heated until tbe singie rods ttii a together, when they are drawn 
out cw the pipe to a long cone, and spirally twitted at the same time, tbe one half to 
tbe rirtt and the other to tbe left, when one of these hollow coots is inserted into 
the other, and the two arv heated until they ftise together; wherever the little ro^ 
croM each other a bubble of air will be inclosed, and this ooearring in a Tery rcgnlar 
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manner, the reticulated apptmrance ia produciMl. Tl»o Vor.ctiann also ro’p- 
for llieir *' filigree.” 'I'hiR glass has <»f lalt* ywim heen iv inirodncrd in Fium*u 
and III fliia country. The pntceas of ninnufuctiire baa been thus dcMTibed l»j Mr. 
Apsley IVIlatt, in his Curiosttien of Ohm ^tannfartuie i — 

**JU‘fore omnnieiits or s'essels can lie hlonii, sniuJl filigri'c canes, witli ulntc or 
Mtnnuhly coloured ciiuiiicls must i»c drawn. These are first * \vh -tti d ’ ofi* to the 
iei|uin‘d lengths, and then put into a cylindrical mould with Miilahle intiinal 
reeesses, and Isitli cune and mould are thus submitted to a moderate heat. 'J'he si - 
leetion of the colour of the cuncs de{)eitds upon tlie taste of the inaiiufurtnrer : two to 
four wbitu cMiaiiiel cams are ehiefiv used, alternulely, with about half the niimlier of 
coloured. ^ The blower then prepares a solid ball of transparent flint glass, \\ hicli being 
deposited ill contact with the vanoiia canes, at a welding heat, oecusions tbeiii to 
ndliere. This solid ball is then tukeii fioni the mould, ib reheated, and ‘ inom > m/* 
till the adhering projeeting ornamental canes ore riihhed into one niiifoiin inass; 
the hull is next eovered with a gathering of white gltiv**, wliidi must then be di.iwn 
to any size and length that may be retpiired. Should a spir.il e.ine be jirefened, the 
* pneellu'4 ’ holds the apex in a fixed position, while the oniaiiiental innss, ttill adliei n.g 
to the glass iiiiikor'a iron, is revolved during the proeess, till the reipiisite twi'-t 
is gi\en. Where \ase8 are formed of ulttrnutel> lolound and enamelled fili<-r(.c 
eanes, the ulnive nroceis is rei>ea1ed, and tin* usual mode of blowing is followed.” 

VVie Vtucimn ball is a collection of waste pieetsof filigree glass (onglomet.ifid 
tOf>etlier without regular design: this is pinked iiitif a poeki t of truii*-piirt nt 
wiiieh is adhesive]) collapsed upon the inunor mass by sucking up, jiri'diiciiig out- 
ward pressure ol‘ the atmosphere. 

Mil/eJinrCt or star work of the Venetians, is similar to the last, only, the lo7»‘nges of 
glass are more r(‘giilarl) placed. 

'1 he Vitro ttt Turn of the Venetians is similar to the filigree in man) respects ; but 
h) closing an outer on the iiiuor case, each coniuining filigree canes, a bubble of air is 
inelosx'd lietw'con each cnissitig of the canes. 

'riie celebrated frosted glass of the Venetians was reinlroducod by Mr. Apslej 
IVllutt in 1851, who thus describes the process of manufacture: — “Frosted glass, 
like Vitro (h Ttino^ is one of llie few spi^eimens of Venetian work not prcvioii.dy 
made by the Kgyptiatis and the Homans ; and not since executed by the Holiemiaii 
or Fieuch glass makers. The process of making it, until recently practised at the 
Fuleon Glass Works, was considered a lost art. Frosted glass has irregularly varied 
inarble-like projcrtiiig dislocations in its intervening fissures. Siiddeiil) ])liingiiig hot 
gloss into cold water, produces cr)8talline convex fractures, with a polislied ext(‘rior, 
like Derbyshire spar ; but the concave intervening figures are caused, fiist b) chilling, 
and then reheating at the furnace, and aimiiltaneousl) expanding the reheated bull of 
glass by blowing; thus separating the crystals from each other, and leaving open 
figures bet ween, which is done preparatory to forming ^ ases or oriiainents. A lihough 
frosted glass appears covered with fhictnros, it is perfectly sonorous." 

GLASS, COLOUUED. Must of the metallic oxides iiiii>art n colour to glass, and 
conic non-mctallic, and even some substances derived from the organic kingdom ha^f 
the power of imparting piTmanent colours to the vitreous combinations of flint and 
jiotash. There is iiiueh in this subject which still requires examination. M. 
Jluntomps, at the meeting of the British Associntiou at Birtiiingham, brought for- 
ward some very extraordinary facts in connection with the. colouring powers of 
diflerent liodics. Of his communication the following is au abstract. 

In the first place it was shown, that all the colours of the prismatic spectrum might 
be given to glass by the use of the oxide of iron in varying proportions, and by the 
agency ofdiffenmt degrees of heat : the conclusion of the author being, that all the 
colours arc proM^ in their natural disposition in proportion os you iiicreast^ the 
temperature. phenomena were observed with the oxide of manganese. 

Manganese is employed to give a pink or purple tint to glass, and also to neutralise 
the slight green given by iron and carbon to glass in its manufacture. If the glass 
coloured by manganese remains too long in the melting-pot or the annealing-kiln, 
the purple tint turns first to a light brownuh r»Jt then to yellow^ and afterwards to 
green. White glass, in which a small proportion of manganese has been used, is liable 
to become light yellow by exposure to luminous power. This oxide is also, in certain 
w indow glaks, disposed to turn pink or purple under the action of the sun’s ray*, 
kl. Ikiuteuiph has found that similar changes take place in the annealing oven. He 
has detennined, by experiments made by him on polygonal lenses for -M. Fresnel, 
that light is the agent producing the change mentioned : and the author expresses a 
doiibt whether any change in the oxidation of the metal will explain the photogenic 
effect. A series of chromatic changes of a similar character were observed with the 
oxides of cnp^icr, the colours being in like manner regulated by the heat to which 
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the f^loM wai cxposcfl. It fras foand that ailrer, although with leas intensity, exhibited 
the liainc phouoinenu ; and gold, although usually employed for the purpose of imparting 
varieties of red, was found by varying degrees of heating at a high temperature, 
and recasting sereral times, to give a great many lints, varying iVom blue to pink, 
red, opaque yellow, and green. (Charcoal in excess in a mixture of sllios-alkaline 
glass gives a yellow colour, wbieh is not so bright is the yellow Awn silver : and 
this yellow colour may be turned to a dark r^ by a aecond lire. The author is 
disposed to refer these clironiatic changes to some modifloalHins of the coinpoeing 
particles ratiicr than to any chemical clianges tu tlo materials employed. 

It is not possible in the present essay U* enter into Che minute details of this tioau- 
tiful brunch of glass manufacture. 1 u the following statement the materials ordinarily 
eoiployed to eolonr glass alone are named. 

Vi.r.Low. Cfiarcml or so(d is used ft»r producing the commoner varieties of yellow 
glass. 

7'Ac glttMH of anfimoni/t which tu obtained by roasting sulphide of antimony until 
antlttionions ncid is form<-d, and melting it with about 5 per cent, of undccoinpused 
Hulphide of th<' suiue luctal. 

YVic aHUinoninie of jMtaJi, a preparation similar to James’s |i >wder, is stated to 
aitswi^T the same purpose. Buhemian glahS is coloured } ellow wnh glass of antimony, 
iniiiiuiu, and oxide of iron. 

aUt'cr imparts a ver^ beautiful yellow eolonr to glass ; but it rc'quircs some caution 
in its mode of application. It is believed, that the presence of alumina is necessary 
to the prodiiciiofi of colour, siiico a due yellow cannot he produced unless alumina 
1m* prcsciii. A II i\tnrc of powdered clay and chloride of silver is prepared, and 
spriHid npun tin Niirluce of the g'ass ; the gloss is then rcht^ated and the silver pcin*- 
tratis to a certain depth into the gbiNS, before the hitter softens. ’I'he coating is tlicii 
scr:i|>c(l otV hikI the tine yt How colour apiK'ars. If the silver yellow glass is held 
oMT the rianu of buiiiiiig wood, ii peculiar opalescence is produced upon the surface, 
probabi} by the oxiduti* ii of the silver. 

If to mum proiluces the beautiful canary yellow, which is found in many articles of 
nn orriuiiieiital kind. This glass possesses the very peculiar property of giving a 
green eolonr when it is looked although perfectly and purely yellow when looked 
ihmwjh. This has be< u attrlbiiUd to the presence of iron In the commercial oxide of 
uraiiiiim employed; but the (mrer the uranium is, the more beautifully will, this 
phenonicTioii be broiigiit out. It deficnds upon a very remarkable physical peculiarity 
iicloiiging to uraiiiuiii and some other bodies. S(*e Fluoiikhcencu. 

Ki:o. A coniniou brownish red colour is pniduccd in glass by otide of iion, added 
ns ochre, or in the state of pure peroxide. Mullerfound ancient red glass to contain silicio 
acid, alkalies, lime, magnesia, alumina, protoxide of iron, and suboxide of copper. 

Copper is more g<Mierally employed in colouring glass red. The use of this metal for 
this piiiqiose dates from very high antiquity, and all through the middle ages it was 
employe I to pniduce the reds which we see in the fine old windows left by ouranceslors 
for our admiration. The ancient IlttmatiuoHB was a copper red glass. Suboxide 
of copper is used, either in the statv of commercial copper scale, or it is prepared by 
li. ating copper turnings to redness. If, daring the fusion of the gloss in the pot, the 
sub oxide unites with an a \ 1'tiotiul quantity of oxygen, green and not red is the result. 
'I'his is avoided by c « nbiniiig some reducing agent with the melted substance. Glass 
tliiis coloured does not exliib.t its red colour on leaving the crucible; it is nearly 
C'tloiirli SH, or with a tinge of green even when cold ; but if it is tlien heated a second 
ti lie it assumes the rod colour. H. Bose supposes that a colourless neutral or acid 
hilicate <.f the suh>oxide of copper is formed at a high temperature, and that the subse- 
quent softening of the glass at a lower temperature causes the decomposition of this 
eoiiipouiid and a separation of a |iortion of the sub-oxide. We believe that no such 
chemical clungi) takes place, and that the alteration is due merely to a c^nge in 
the iiiolccalar Dri-angementof ilie particles. The sub-oxide of copper possesses sn intense 
colouring power, so grt'at indeed that ^lass coloured with even a very small quantity 
i<i alinoht impermeable to light; hence it is usual merely to fiath eolourloss glass with 
this coloured glass, that is, to spread a very thin fllin of it over the colourless surface. 
A process for colouring glass red alter its manuCicture with sulphide of copper has 
UH»n introduced hy Bedford. 

Gold can according to circumstances be made to impart a ruby, oanpine, or pink 
tint U» glass. The purple of OaMius, was employed . but Or. Fuss first showed that 
a mere solution of gold without the presence of tin, as in the salt named, it capable 
of producing rose and carmine colotired glass. 

Similar changes to those already described with copper oeeur with the salts of 
goM. Ferhaps the glass is Colonrless in the pot, and it then remains colourless when 
cold; but when reheated, the glaas quickly assumes a light red colour, which rapidly 
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•pnmdt flrom the heated point over the whole glosi, and increasei in intenaity until it 
bec(»mcs nearly a black red. This coloured glass aan be again rendered colourless 
by fusion and slow cooling ; its colour is again produced by a repetition of the heating 
process. If, however, it is suddenly cooled it cannot again be made to resume its 
ruby colour. This is also an example confirmatory in the highest degree of the 
view, that no chemical change takes place ; but that all the phenomena are due to 
alU‘ratioD8 in molecular structure. The practice oiflauhing colourless glass with the 
ruby glass firom gold is commonly adopt^. The beautiful examples of the Bohe- 
mian glass manufketuro, in which we have a mixture of rich ruby and the purest 
crystal, arc produced in this way. A globe of hot colourless glass :s taken from the 
imt, and a cake of ruby gloss prepared with a composition called achmebze, is wanned 
and brought into contact with the melted globe } this ruby glass rapidly difi'uses 
itself over the surface, and the required article is blown or moulded with a coating 
of glass, coloured ruby by gold, of any required thickness. 

Schmebze is prepared with .*h)U parts of silica, SOU of minium, 100 of nitre, and the 
same quantity of ]K)tasb A very small portion of a solution of gold in aqua reyut is 
liUiinately mixed with 500 jiarts of schmebze, 4/1 parts of prismatic borax, 3 or 4 of 
oxide of tin, and a similar quantity of oxide of antimony. This mixture is heated for 
twelve hours in an open crucible placed m a Hat furnace, and then cooled slowly in an 
aiiiiculiiig oven. A Bohemian ruby^ especially so culled, is prepared by melting to- 
gether fulminating gold rubbed in with oil of turpentine, quartz powdered, and frilled 
ininiiiiu, sulphide of antimony, peroxide of uianguneBe,‘aDd potash. Bblime has given 
an analysis of a Venetian ruby gloss, in which of a grain of gold is combined with 
about 150 of the ordinary ingredients of glass, with some tin and iron. 

Manganeae is sofuetiiiies employed to give u fine amethystine colour to glass ; 
care is however required to prevent the reduction of the peroxide of manganese in the 
process. 

(Sheen. Green colours may be obtained by a variety of metallic oxides. Proforide 
of iron imparts a dull green ; an emerald green colour is given by oxide of copper, 
Either copper scales or verdigris dried and powdered are employed, the colour being 
much finer with a lead glass, than with one containing no lead. 'I'lansluceut or dtdl 
tjhtah is converted into a deep blue or turquoise colour by oxide of copper and not 
into a green. An emerald green is also produced by the oxide of chromium. Two kinds 
of Bohemian green gloss, known resprotively us the ancient and modern etnerald 
greens, are prepared Irom mixtures of the oxides of nickel und of uranium. 

Blue. The only tine blue is produced by cobult. The manufacture of amah or 
xajf'te is so important that it will be treated of in a separate article. Sec Smalt and 

COIIAI.T. 

Brown. Peroxide of manganese with zalTrc yields a fine garnet-like brown. 

Pink or Flehii ('olouk. Oxide of iron and alumina, obtained by beating a mixture 
of alum and green vitriol. 

Oranub. Peroxide of iron with chloride of silver. 

Jasper. A Bohemian glass, generally black, but of fine lustre, prepared by adding 
forge scales, charcoal, and bone ashes to tlie ordinary materials for glass. 

Amongst the different varieties of glass, artificial gems may be enumerated. For a 
description of their manufacture, fee Gave, ArtifioUL. 

GLASS, STAINED. See Gi^Aaa, Coloured. 

GLASS, ita phyatcal eonditkm wid chemical conatitution. — So far os may oc in- 
ferred, from the andy sis of ordinary commercial samples of window-glass, this substance 
has not onl^ a very variable oomptMition, but, worse than this, it is out of all keeping 
with anything like definite ptoportion. 'J'hat it should be full of stria, and, therefore, 
refract the rays of light ttii!M|baIly, as it does, so as to produce the most hideous ap- 
pearances of du||teioD, if a mere natural consequence of its mechanical composition, 
which might, nf must one day be corrected ; bat that whole nations should have 
come to view this defect as an unavoidable peculiarity, is precisely one of those sur- 
{irising facts which demonstrate the influence of habit over the powers of the mind, 
and show how easily human reason can reconcile itself to the most gross inconsist- 
encies. If window-glass had one uniform atomic composition, the tendency to form 
these stria would nowhere exist in excess ; and, therefore, their production would 
diminish as the skill of the workmen increased ; but, with the present variable com- 
pound, the' glass stretches unet^ually in different parts, by an equal application of 
force, and, in spite of human skill, presents a result alternately thick or thin, as ac- 
cident determines. That these stria have not the sama composition as the parts sur- 
rounding them is very obvious, from the circumstanoe that, if striated glass be cut to 
an uniform thickness, and polished on both sides, the optical defects remain but little 
changed, and oecuionaliy they^re found to be increased. Again it is known, that 
the more complex the composition of any glass may be, the greater the liability to this 
striated structure, — of which flint glass offers an apposite illustration } for here, in 
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addition to the ordinary compouenti of gltM, the siUeaKe of lead if anperadded. Now 
the speciAc gravity of silicate of lead u vcr} high compared with that of aiiteate of 
soda, potash, or lime , hence, unless eiiiplo}^ m the esaet quantity to form a 
cht mical combination with the other silieatea, a mere mechanieal minture is produced 
of «ery different dtnsiiies throughout $ and the product, wider the aelion of fight* dis- 
plays, permanently, that peculiar fugiiiee appearance seen when syrap and water, or 
alcohol and watei, are mixed togither i that is to sar, a fencit of eurted lines are 
formed by the nnequal reff-attion of the two fluids which entiiely disappear, so soon 
as perfeca admixture has taken place, hut which remain in the oaae of flint-glasa, 
from the utter imposMbility of effecting the neeessan omon betwetn its various part^ 
Although, however, this cannot be done meehanieall), yet, in a chemical way, nature 
per forms such o)ieration8 with ease and unerring hdqlttj The Krineh ^hem 1 ^t, 
li ithiir, lung up,o proved tint many iiintral salts combme togtther by fusion in 
atomic |)io|>ortioiiR, and form new and definite compounds Thus, carbonate ot potush 
and carbonau of so^ whtii mixed, atom for atom, unite and produce a lompound 
I (ue tn'ty ot tuMon than the most fusible of the two — similarly, either of thise car- 
bonatis a ill ut With caibonate of baryta or strontia, and agiin, fiuoi spar and 
Milphate ot linic, two rciriaikably infusible substances, when mixid, iulU readily, at 
I <* a rtd h( ir into a finid as iiiohile and transparent as waur It is useless to mul- 
ti, ly ex iniplcs ot this kind, foi thousands exist, and the alkalim and earthy silicatis 
form no exception to this almost universal rule A mixture of silicate ot (lotush and 
silieste ot soda will, if in atomic latios, fuM* much more readily than tiilicr of them 
alone Hut noM let us imagine an attempt to fuse these two bodies together, m any 
other proportion than that m which they are naluially disposed to combine ; — («iy 
that the Hilicate of sod^ is m exc<.M , then the silu ate of potash would unite with 
( xactly sufiicieut of the sihiatc ui soda to produce the extremely fusible compound 
nbioe spoktn ol , uhiist the loss easily fusible silicate of soda, added in ext ess, would 
lonn a kind of nitwoik throu,,hout the mass It may be said, that a higher heat 
would oveiconie this diifaculty, by thoroughly liquefying the silicate of soda , and this 
IS realh the plan now used with that view, but, independent of Uie fact that the 
mixed biliCHte of potash and soda would also uiidtigo a concsponding liqmfneiioti, 
and, therefoie, fax ui the separation of the silicate of soda; yet, as chemical union is 
nnpossible, fioin tin very conditions of the experiment, even the most peifect nie- 
ihunieal mixture, uiidei the gieatcbt advantages of fluidity, would nevei gcneiatc a 
homogeneous bod} 1 he strife might, indeed, be dimmislied m size , bat this would 
imply a conesponding incieuse in their num^r, and, if carried vciy far, couiple te 
opuity seould result lioni such an endeavour to subvert the laws of nature "I be 
powci of the workmen to remedy this detect is therefore limited to the capability of 
ni difying its moic salient featiins , he can neithei remove nor destroy it What 
see has e here illustrated by the siniplevt of all assumptions, gathers and accumulates 
into a formidable evil wlien several silicates are fnse»d toother, having considerable 
d fit reiices of specific weight 'I'bus, in the case of flint g^s before aimded to, there 
are generally three, and sometimes five, of these silicates fbsed together, into, pro- 
bahlv, one of the most antagqnistio compound! that could be conceived, refracting and 
distiersing the ray of light m fifty directions, and demonstrating the unft-iendly 
natuu of Its coerced union, h\ flying in pieces from tbd most trivial applications of 
hi at or violence. Yei in flinl glass we are not sarpassod, nor indeed equalled, by 
any other nation ; and bO thoroughly has this beautiful substance become associated 
with oiir iiidubtrial reputation, that the British name, flint glass, has been adopted into 
several continental languages. Nevei theless, it cannot be doubted that a wide field of 
iniprovemeot is open lu this quarter, and that some more solid fonndauon is needed 
our manufacturers in this line, than the prestige of a name, or the force of capital. 

In France, as in England, the ingredients are mixed with some care, and intro- 
duced into a crucible, heated by a powerful furnace. These ingredients are sand or 
silica, carbonate of soda, and carbonate of lime, with perhaps a fittlegroand felspar m 
Sfime cases The carbonate of soda is first attacked by the silica, and ita carbonic acid 
driven off, whilst the remaining silica and carbonate of lime become imMded in the 
vitrify mg masa. As the beat tncreaeeya more perfect fbaiou takes place ; and then 
the carbonic acid of the carbonate of lime makes its way through filled matenale 
by winch they are mechamcaliv mingled together donng the efferveieence^ which is 
tecbnualiy termed the **boil;'* and, provided no after separation entiles firom the 
proceu of ^ seuling,*' the whole crucible or **pot” ot glass will have a nnilbm com- 
position. But, as we have seen, this depends altogether upon the lefauive proportion 
of the materials towards each other, fiir an excess of either one or other of the baste 
will destroy the homogeneous character of the whole, and introdnce a plexus of etrus. 
Now the plate-glase m Sc Qobain is almost exactly an atomic compound, and eonsitts 
of one atom of the trisUicate of soda and one atom of the t^icate of limey with a 
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mniiill pereentago of alumina. The union ia therefore eomplcto ; and nvhen it is ro- 
moiiilMTed that the celebrated French chciniet, GaT-Lusnac, 'was regularly cmpIo}ed 
as nu adviser to this company, and that his son, M. Jules Lussac, retains that ap 
fiointmcnt to this day, it is not very surprising that our manufacturers are defeated in 
the nrlielo of plate-glass. Science must ever take the lead of pmjudice and custom. 

The examination of English plate-glass fully corrotmrates the general result deduced 
firom the action of light. There is no approach to an atomic arran^ment. The 
principal constituent is trisilieate of sodi^ but variable quantities of lime, alumin.i, 
and even magnesia, exist in it. Potash is sometimes present, and oxide of iron is 
invariably so ; but in not one single instance, out of 17 samples examined with great 
care, could so much as a surniisc of the doctrine of combining proportions be gathered 
from the result of the analyses. Similarly fruitless was a research instituted upon flint- 
ghiso, both British and foreign. Of .35 samples analysed, no satisfactory evidence 
could be adduced to favour the opinion that science had been a helpmate to industry, 
or was at%li concerned in this branch of manufacture. There are, however, some 
points of vast interest assueiated with the practical working out of this matter. Potasii 
is known to give a more brilliant and harder glass than soda, and alumina seems to 
tend in the same diraction. The Bohcniisn glass, so celebrated throughout Europe, is 
a glass of this description, and contains silicate of alumina, silicate of lime, and silicate 
of potash, but not in chemical proportions. This glass is therefore striated, but it 
seems to permit of a more perfect decoration by metallic oxides than can he de- 
veloped in glass of lime and soda. This very probably depends upon the alunifna 
contnincHl in it. From some singular oversight, the use of carlKmute of baryta has not 
yet found its way into the composition of glBS«, though wc can scarcely conceive a 
more hopeAil material. This substance may be had in large quantity in the North of 
England, of great purity, and at a merely nominal cost as compared with its value 
for such a purpose as glusi-inaking. That it would fuse readily with a due amount 
of soda, and give ** a boil” as well as chalk, there can be no doubt; whilst its great 
density will certainly improve the refractive power of the resulting product, and thus 
rival the brilliancy of lead or flint-glass, without imparting that softness and liability 
to receive scratches which arc so objectionable in the latter variety. One difficulty 
may perhaps reside in the want of information concerning the quantity to be em- 
ployed. Hut this is easily adjusted ; for it has been demonstrated that, daring vitri- 
tieation, the silicic acid unites to bases in tha proportion of three atoms to one : 
consequently three atoms, or 1 .38 parts, will always require one atom of each base. 
"J'liereforc, this weight of good dry sand may he set against 54 of dry euibonate of 
soda, 70 of carbonate of potash, 50 of pure marble or chalk, 99 of carbonate of baryta, 
and 112 of oxide of lead or litharge. Suppose, then, that the object is to employ 
carbonate of baryta for the first time, here 6 atoms or 276 parts of sand, 1 atom or 54 
parts of dry carhoiiatc of soda, and 1 atom or 99 parts of carbonate of baryta, may he 
mixed and fused together with every prospect of obtaining a good result ; or 9 atoms 
of .silica, 1 of carbonate of potash, 1 of carbonate of soda, and 1 of carbonate of baryta, 
might be trit*d without fear of failure. Again, in the case of flint-glass, 112 of 
litliiirf^e, 54 of soda, and 276 of sand, would probably succeed, or an additional atom 
of trisilieate of potash might be used. For many years past, M. Dumas, now, perhaps, 
the first chemist in France, has been in the habit of demonstrating to his pupils tliat 
glass of all kinds, when properl j made, must necessarily bo^an atomic compound; 
and yet wc scarcely expect to find a single British glassmaker who will admit that 
his art is susceptible of such decisive and beautifnl simplification. 

To assist as far as wc can in the attainment of this end, we shall proceed to describe 
a simple means for the analysis of glass, which will enable any person, possessed of 
even very tri^g chemical skill, to determine the Composition of any given sample of 
glass in a coapFatively short dme. From the nature of the material, it becomes ne- 
cessary to divide the analysis into two distinct portions ; one of which has for its 
object the estimation of its alkaline ingredients, the other that of the earthy, metalfic, 
and siliceous matters. Having heated a sufficient quantity of the sample in question 
to dull redness, it must be suddenly thrown, whilst sfill hot, into a basin containing 
cold water. In this way it becomes cracked and flawed in all directions, so as to 
favour its reduction into powder. When dry it must, therefore, be carefblly ^ound 
in an agate or steel mortar, until it has the appearance of fine flour. Nor is it a 
matter of indifference whether this takes place in contact with water or not ; for glass 
in this extreme state of comminution, readily gives np a part of its alkali to water; 
and hence, if ground in the presence of that fluid, the resulting analysis wonld prove 
incorrect. Rut we will suppose that a quantity of finely powdered glass has been ob- 
tained as above indicated, and the amount of its alkali is desired ; then tveigh out 
l uo grams of the glass, and carefully mix with it 200 grains of pure floor spar in a 
similarly powdered condition. Place the mixture in a platinum or leaden vessel, and 
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poor over it 500 graini of strong snlpharie ncid, — stirring the whole well together 
with a silver spoon, bat taking cart not to remove any portion of the materials. 
Next, apply a heat of about ilS*^ Fahr and as the process draws to a conclusion, 
this may be raised as high as loo^. When all evolution of nseoos Airnes has ceased, 
watir may be poured on the residuary mass to the extent of Ibnr or live ounces, and 
the mixture thrown on a hlter After the oleai fluid has passed thiough, a little more 
water must be added to the Alter, so as to wash out the whole ol the stflnble matter , 
these washings being joined to the ormioal dear fluid, whioh consists of solphate of 
soda or potash, or both, with a qusnuty of sulphate of hme, and Mrhaps also of 
magnesia and alumina To this an exocM of cai bonate of ammonia must now be 
added, to admit of the separation of the earthy salts bemg eflheted bj Altration. The 
clear solution is next boiled down to di>ns8B, and th< residue is heated red-hot for a 
minute or two This residue is the soda or potash, or both, formerly contained in 
100 grains of the glass, but now united to tnlphurio seid. Having ascertained its 
weight, the relative proporti >us of potash and soda may he ibund by testing iti oou- 
tciit of snlphonc acid ifith a barytio solution, and oakulatiug the result bj the W(.1U 
kiiown Arobim dcao equation , or bv dissuhing the mixed salt in a small quantity of 
water, and, aft r adding an ezeess of tattarie acid, leaving the whoK tor a few hours 
cov< up in a co il place Almost the whole of the potash will sipaiatc in this way 
as bitirtrate of potash The quantity of alkali may ^ detormtuid from the atomic 
umstitntioo of the alkaline salts Thus, supposing tht. dry residue altogether com- 
posed of sulphate of soda, thin as 72 grams of it inditate 32 of puio soda the rLsuU 
may bb obtamid by the rule of proportion The amount of ^kuli being known, 
another portion of the ptiwdered glass must be employed for aseertaining the re- 
mainder of the ingredients That is to say, 100 grains of the sample ipust: be mixed 
with 200 graina of pure potash, and the whole ftised togtther ip a sUver ctuiibio, at a 
rid heat, until perfect liquefaction ensues, when the crucible and its contents may be 
withdrawn from the Are, and, as soon as cool enough, boiled in half a pint of pure 
water, so as ihoioughly to dissolve the fused mass fbom the crucible An excess of 
nitric acid being pound into the solution, the mixture is then evaporated to dryness, 
by which means the silicic acid is rendered insoluble , consequently, on the applici- 
tion of water, this remains, and may be dried and weighed, whilst the lime, alumina, 
and lead of the glass may be separated from the soluble portion by the addition, first, 
of aulphuretted hydrogen, which separates the lead, then of ammonia, which throws 
down the alumina, and, next, ^ pouring in carbonate of ammonia, which prccipi 
tates the lime as a carbonate Thus, therefore, the alkaline matters are found by one 

process, and the silica, earthy, and metallic constituents by another, both of which may 
be (onducted at the same time It has liecn recommended to emploj cai bonate of 
baryta m the analysis of glass , but the high temperature required with this sub- 
stance dissipates a portion of the alkaline coraponentt, and thus leads to serious errors 
Even mere fusion in a glass furnace expels soda from glass, and renders it more and 
more intusible , but this expulsion is much fkvoured by the presence of baryta. The 
above method of analysing glass is, therefore to be preferred to tne baryta plan, by 
individuals not habitually engaged in manipulative ehemistry — f/re 

GLASS fir horticultural purpmea — An impression taken up loosely lo the first in- 
stance from fome experiinints on the action of the chemical rays of light, when 
made to permeate coloure*d glass, has led the public flreqnently to conceive that 
glasses which admitted fVeely tht chemical rays were the most adapted to accelerate 
the growth of plants No more mistaken view was ever entertained. At diiferent 
periods in the life of a plant different influenees are necessary , at one time the 
chemioajlfili^ is required, at another the luminons power, and at another the calorific 
agent The solar rays, as we receive them direct horn the sun, have those forces 
exactly adjusted to produce the best possible conditions, bnt nndcr some of the artificial 
eonditioDs in which we place plants, it is important to know the coDditions of the abler 
raya best tnited to prodnee a given effect Thia we mnst briefly attempt to explain — 

1. Seeds germinating abiorb oxygen, and convert their starch into sngnr , this la a 
poKlyebemioal proeeaa, and demands the full power of the chomwal rapa (oeftatsm), 

2. Wood forming, from the deoompoeitum of cnrbonio acid, is a function of tho 
vital po^er of the plant, excited by hgki (htmmouafiree) 

3 nowenng and frniting manmjst compound actions, and appear to demand the 
combined power of heat (cdor{/fe oowsr) and of the chemical rays. 

Such arc the three chief condinons m the phenomena of vegetable growtk. Now 
a, a glass stained hide with cohnlt admits the permeation of the chemical raya with 
great foesdom, obstructing both light and bent | b, a glass stained yellow with silyer* 
will powcifoUy ohctnict the chemical rays, and allow the luminous rays to pass IMy t 
c, de^ copper or gold red glance admit the maximum heat rays to pass flreely, and 
In general tUow m the penneatioii of gsmell quantity of the chemical rays. 

Vot U. II 
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>\ hen Med if placed in the scil to germinate, • blue glait placed above the foil will 
proatly accelerate the procebs, the first leaves will appear above the soil, in many in- 
ktaiiccB, days before the} arc seen when the seed is under the ordinary conditions in 
the soil ; but if a plant is allowed to grow under these circumstances, scarcely any 
wood is produced, but long succulent stalks are formed, with imperfect leaves. 

Afler germination has taken place, if the plant is brought under the influence of 
the rays permeating yellow glass separated to a consideraUe extent from the 
vhemical pouwr), wood is formed abundantly, and very healthy plants with dark 
Jeaves are produced. For the production of ‘perfect flowers and frui^ the red glass 
named is the most effective. Plants growing in couscrvatorics which have been 
glased with the colourless German sheet glass, frequently suffer flrom aeorching. 'i'o 
avoid this if possible, the editor of this volume was consulted on the glass which 
should be Employed in gln/iug the great palm house at Kew, the problem being to 
avoid ^ necessity of blinds, and to secure the plants from the injurious action of the 
scorchi^ rays. Jly a long scriiw of experiments it was determined that glass 
stained green with a little of the oxide of copper, and from which there was an eutiro 
ul)8ence of the oxide of manganese, entirely effected this end. The great palm house 
ill the Koyol Botanic Gardens at Kew was glazed with glass made on this firincipU, 
1)> the Messrs. Chance Brothers and Co of Birmingham, and it has now been testt d 
by the suushine of eighteen summers (IdflO) » and the plants, as every one may ob- 
serve, grow most luxuriantly, and are entirely free Ibom any indications of scorching 
on their leaves. 

GLASS CUTTING AND GRINDING, for common and optical purposes. By 
tills mechanical process the surface of glass may be modified into almost any orna- 
inentul or useful form. 

1. The grinding of cryatal ware. Thia kind of glass is best adapted to receive 
Iiolished facets, both on account of its relative softness, and its higher refractive power, 
which gives lustre to its surface. The cutting shop should ^ a spacious long apart- 
iiieiit, flirnished with numerous skylights, having the grinding and polishing lathes 
arranged right under them, which are set in motion by a steam-engine or water-wheel 
at one end of the building. A shaft is fixed as 
usual in gallowses along the ceiling; and from 
the pulleys of the shaft, bands descend to turn the 
different lathes, by passing round the driving 
pulleys near their ends. 

The turning lathe is of the simplest construc- 
tion. Fig. 906, », is on iron spindle with two well- 
turned prolongations, running in the iron puppets 
a Cl, between two concave b^hes of tin or type 
metal, which may be pressed more or less to- 
gether by the thumb-screws shown in the figure. 

Tliese two puppets are made fast to the wc^en 

support n, which is attached by a strong screw and a 

bolt to the longitudinal beam of the workshop ▲. i ■ — 

£ is the fast and loose pulley for putting the latlie 
into and out of gecr with the driving shaft Tho projecting end of the spindle is 
furnished with a hollow bead-piece, into which the rod c is pushed tight. This rod 
carries the cutting or gyinding disc plate. For heavy work, this rod is fixed into 
the head by a screw. When a oonioal fit ispreferred, the cone is covered with lead to 
increase the friction. 

Upon projecting rtidii or spindles of that kind the different disci for entUng the glass 
are made Some of these are made at fine Sandetone or poliehing slate, from 8 to 
10 inchcB^niianieter, and from } to j Inch thick. They most be carefully turned and 
polished at the lathe, not only upon their ronnded but upon their fiat face, in order to 
grind and polish in their turn the flat and carved lurfbces of glaaa yessela. Other discs 
of the same diameter, but only f of an inch thick, are made of east tin truly turned, 
and serve for polishing the vessels previously ground ; a third set consists of riieet 
iron from | to } an inch thick, and 12 inches ui diameter, and are destined to cut 
grooves in glass by the aid of sand and water. Small discs of well-hammered c<^r 
from } to 3 inches in diameter, whose circamferenee is sometimes fist, and lometimM 
concave or convex, serve to make all sorts of delineations upon glass by means of 
emery and oil Lastly, there are rods pf copper or brase fUmUhed with small bemi- 
^heres from ji to ^ of an inch in diameter, to excavate round hollows In giaia 
Wooden discs are sIbo employed fbr polishing, made of white wood oat acrom tho 
finiin,!, also of cork. 

The cutting of deep indentatloDf, and of graorei, ti nsnany petfimned by 
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diir, with sand and water, which are allovrrd conetantl y to trickle down ftroin a wooden 
hopper placed right over it, and fiiniiihed with a wooden etopplo or plug at the apex, 
to regulate by iu greater or leM KuMienm the flow of the mading materials. The 
same efiect laav be produced by using buoxets as ahowa in Jig* 907. 
907 The sand which is oontuined in the baeket r. above the lat^, has a 
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spigot and ihneet inserted near Its botmni, and is supplied with a 
stream of water from the stopcock in tAw vvfint*! o, which, togothur, 
running down the inclined board, are eonduru>d to the periphery ot 
the disc as shown in the figure, to whfwc lowest point the glass 
veseel is applied with pffMsnre by the hand. Tktc sand and water 
are afterwai^ collgoted in the tub n Finer luarkiligs wliieU are lo 
remain without Instre, are mede wah the small copprr discs emery, 
and oil. The polishing ts efftcced b} *hc dgr of the tin disc, which 
IS from tiipe to time moistened with putly (a lute oxide of tiu) uiid 
water. The wivkIcu disc is also employed lor this purpose with 
putty, oolcothar, or washed ttipoh. For lino deliaeatioiis, the glass 
!i Unit traced over with some eoloursd varnuh, to guide tl&c hand of 
the cutter. 

In grinding and facetting crystal glass, the deep groovea are fir^t 
out, for example, liie cross linos, w ith the iron disc and rounded edge, 
by means of sand and water. That disc is oue sixth of an inch thick 
and 19 inches in diameter. With another iron disc about half an 


inch thick, and more or lest in diameter, according to the curvature 
of the aurfoce, the grooves may be widened. These roughly cut parts must be next 
&m<M)tbed down with the aandstonc disc and water, and then pnliahed with the wooden 
dtsc about half an inch thick, to whose ed« the workman applies, from time to time, 
a bag of fine linen containing some ground pumice moistened with water. When the 
cork or wood<m di«>c edged with hat felt is used tor poliihiog, putty or (‘olcothar it ap- 
plied to it. The above several processes in a lar« manufactory, are usually com- 
itiitted to several workmen on the prinoiple of the division of labour, so that each may 
btHTouio expert iu hit department 

2. The grinding of optical gUusea. — The glasses intended for optical purposes being 
spherically ground, are called lenses ; and are used either as simple magnifiers and 
spectacles, or for telescopes and microscopes. The curvature is always a portion of n 
sphere, and either convex or concave This form insures the convergence or diver- 
gence of the rays of light that pass through them, as the polishing docs the brightness 
of the image. 

Tho grinding of the lenses is performed in brass moulds, either concave or convex, 
formed to the same cunratbre as that desired in the lenses ; and may be worked either 
by hand or by machinery. A gauge is first cut out of brass or copper plate to suit 
the curvature of the lens, the circular arc being traced by a pair of eonipossei In 
this way both a convex and concave circular gauge are obtained. To these ntiges 
the brail moulds are turned. Sometimes, also, lead moulds are used. After the two 
moulds are made, they are ground face to face with fine emery 

The piece of glass is now roughed into a circular form by a pair of pincers, leaving 
it a little larger than the fiuibhed lens ought to be, and then smoothed round upon the 
stone disc, or in an old mould with emery and water, and is next made ihstto a hold- 
fast. This consists of a round brass plate having a screw in its back ; and is some- 
what smaller in diameter than the lens, and two thirds as thick. This is turned 
concave upon the lathe, and then attached to the piece of gloM by drops of pitch ap- 
plied to several points of its surface, taking care, while the pitch is warm, that the 
centre of the glass coincides with the centre of the braes plate. This serves not merely 
as a holdflut, by enabling a person to seise ito edm with the fingers, bat it prevents 
th^lasi from bending by the necessary pressure In grinding. 

1%e glass most now m ground wim coarse emery upon its appropriate mould, 
whether convex or concave, the emery being all the time kept moist with water. To 
prevent the beat of the hand from affecting the glass, a for holdiog the braas 
plale is aorewed to itf back. For every six turns of cironlar motion, it mutt receive 
two or three rubs neroas the diameter in different directions, and so on nlternatiily. 
The middle point of the glais most never pass beyond the edge of the mo^ I nor 
shoold strong proiaare be at any time applied. Whenever the glaas has asaumed tho 
shape of the mould, and toaebes it in every point, the coarse emery must be wnahed 
away, finer be snbctitnted in its place, and the grinding be oontinned as befora, till all 
the seratohis disappear, and a onifbrm dead surfime be prodneed. A eommonoonieAt 
of polidiiag is now to bo givao with pomice-stone powder. Daring all this rioy i tbf 
oonrex nonld dhonld be oneasionally worked In the efinoave, in order tte both may 
preaervo tbrir oow ipin tdsada of diipe bSf ween them. After the one iarfbeo has 
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Iieon thui ilnislied, the glau must be turned over, and treated In the lame way npon 
the other side. 

Ihkth surfhcea arc now to be poliebed. With this view equal parts of pitch and resin 
^ust be melted together, and strained through a cloth to separate all impurities. The 
concave mould is next to be heated, and covered with that mixture in a fluid state to 
tike thickness uniformly of one quarter of an inch. The cold convex mould is now to 
be pressed down into the yielding pitch, its surface being quite clean and dry, in order 
to give the pitch the exact form of the ground lens t and both are to be plunged into 
A'old water till they be chilled. This pitch impression is now the mould upon which 
the glass is to be polished, according to the methods above described, With finely 
washed coloothar and water, till the surface become perfectly clear and brilliant. I'o 
prevent the pitch fVom changing its figure bj the friction, cross lines must be cut in it 
about d 00 inch asunder, and l*l2th of an mch broad and deep. These grooves re- 
move all the superfluous parts of the polishing powder, and tend to preserve the 
polishing surface of the pitch clean and unaltered. Ko additional colcothar after the 
first is required in this part of the process, but only a drop of wati'r from time to 
time. The pitch gets warm as the polishing advances, and renders tlie friction more 
laborious from the adhesion between the surfaces. Ko interruption must now be 
Bufiered in the work, nor must either water or colcothar be added ; but should the 
pitch become too adhesive, it must be merely breathed upon, till the polish be com- 
plete. The nearer the lens is brought to a true and fine surface in the first grinding, 
the lietter and more easy docs the jkolishing become. It should never be submitted to 
this process with any scratches perceptible in it, even when examined by a magnifier. 

JLb to small lenses and spectacle eyes, severd arc ground and polished together. 
Tin pieces of glass are affixed by means of a resinous cement to the mould, close to 
each other, and are then all treated as if they formed but one large lens. Plane 
glasses are groun<l upon a surfree of pitch rendered plane by the pressure of a piece 
of plate glass upon it in its softened state. 

Lenses are also ground and polished by means of machinery, into the details jof which 
the Uiiiits of this work will not allow us to enter. See Lunsrb. 

GLASS PAPER and GLOTH. Paper or cloth being covered with glue, sand, 
varying in its degree of fineness, is dusted over it, and of course adheres. These are 
used for polishing, or removing the rongb surfaces of woods or metals. 

GLAUKKU’S SALTS (the Sal caAarticus Glauberi, or Sal mtrahih Glauber t). 
Sulphate of soda was discovered by Glauber in 1658. Its composition is 


Soda • - • 

• 

. 

• 

- 19*24 

Sulphuric acid - 

m 

• 

. 

- 24*76 

Water - . 

G L 4 ZES. See Pottery. 

m 
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Gl^AZlKR, is the workman who cuts plates or psoes of glass with the diamond, 
and fastens them by means of putty in frames or window casements. See Diamond, 
for an explanation of its glass cutting proper^. 

GLAZING. The process of giving a haid polished surflme to bodies. Paper is 
glased by the use of resins, gelatine, &c. See Wpui. Artery is glased by the use 
of certain fusible materials. See PoflvilT and PoaoiLAiir. Some me^s are said 
to he glasiHl ” when, by means of pmishing wheelfl, the highest finish is put upon 
their surfaces. 

GLOVE MANUFACTURE. In Februsry, IB22, Mr. James Winter of Stoke- 
under-Hambdon, in the eonnt^f Somerset, <fls|ained a patent for an improvement 
upon a fom^ patent machine tAisibr sewing and pointing leather gloves. Fig, 908, 
representWp^estal, qpoa whioW the instrument called the Jaws is to be placed. 
Fig, 909 shows the Jaws, wbl^ instead of opening and closing by a circular move- 
ment upon a joint, as desetihed in the former specification, are now made to open 
and shut by a parallel horiaontal movement, effected b^ a slide and screte ; a a is 
the fixed jaw, made of one piece, on the under side of which is a tenon, to be inserted 
into the top of the pedestal. By means of this tenon the jaws may be readily 
removed, and another similar pair of Jaws placed in their stead, which affords the 
advantage of expediting the operation by enabling one person to prepare the work 
whilst another is sewing ; 6 5 is the movable jaw, made of one piece. The two jaws 
being placed together in the manner shown utfig, 9 10, the movable jaw traverses back- 
wards and forwards upon two guide-bats, c, which are made to pass through holee 
exactly fitted to them, in the lower parts of the jaws. At the upper parts of the Jaws 
arc what are called the indexes, d d, which are pressed tightfy together by a •P’^»g 
shown uxjig, 911, and intended to be iutrodaoed between the perygldleiw riM w 
the Jaws at e. At / is a thumb-sorew, passing throngh the ribs mr the purpose of 
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tiffhtenmg the Jewi, and holding the leather that between the indeiee while being 
•ewn; thia icrew, howerer, wiU leldoBi. if ever* be neceMar 3 r if the epring ii euffi- 

ctently itroog t g i« an eye or nog fixed to 
the movable jaw. th^»llgh which the end of 
a lever, h in JIf* 9Ue» pwMee ; thia lever ia 
eonneetod by n apritig to n treadle •, at the 
bate of the pedaatal, and by the premore of 
the right fool upon thia treadle* the movable 
Jaw ia withdrawal ao that the person em- 
ployed in tewing miK ahi|t the leather, and 
pIiiM another part of tha gtove between the 
The pieeea valKd ladexei are con- 
neeted to the npper part of the jiwa, by 
aerewa paaiiag throngb elongated liolea which 
render them capahk of aiQoatincnt 
The patentee atates, that in addition to the 
index deacribiHl in hia former patent, which 
ia applicable to what is called rqund'ieam 
sewing only, and which permits the leather 
to expand but in one direction, when the 
needle is passed through it, namely, upwards, 
he now mokes two indexes of different con- 
struction, one f>f which be calls the receding 
index, and the other the longitudinally 
grooved index. Fig. Oil represents an end 
view, and y^. 013, a top view of the receding 
index, which is particularly adapted for what 
are called ** drawn sewing, and prick -seam 
sewing.'* This index, instead of biting to 
the top, is so rounded off in the inside from 
the bottom of the cross grooves, as to permit 
the needles, by being passed backwards and 
forwards, to carry the silk thread on each side of the leather without pahsmg over 
ic Fig. 913 rcpreseulB an end view of the longitudinally grooved index, partly 
o|ien, to show the section of the grooves more distinctly*, andyig 914 represents an 
inside view of one side of the same index, m which the hmgitudiiiul groove is shown, 
IHissing firom A to /, This index is more particularly adapted to round-seam tewing, 
and permits the leather to expand in every direction when the needle is pasKcd through 
it, by which the leaUier is IcM strained, and the sewing consequently rendered much 
stronger. 

GLOVE SEWING. The following simple rad ingeniuns apparatus, indented by 
an Englishman, has been employed extensively in Pans. The lustruineiit is shown 

in profile ready for action in 
Jta. 015. It resembles an iron 
vice, having the upper portion 
of each jaw made of brass, and 
tipped with a kind of comb of 
the same metal The teeth of 
this comb, only one-twelAh of 
ao inch long, are perfectly te- 
gular and equal C^geeombs 
are provided for different styles 
of work. The vice A A is made 
fast to the edge of the bench or 
table B, of the proper height, 
by a thumb-iorew c, armed with 
a cramp which lays hold of the 
wood. Of the two jaws com- 
posing the maebine, the one d 
I s miSk fitft to the foot a a, 
but the other n Is moveble 
upon the solid bese of the ameUae, by means of m hinge at the point »• At x x it 
shown how the npper hnsc portion is a4|nited to the lower pert made of Iron \ the 
two beinc seemed to caeh other by two stout serewt. The comb, seen sepentely in 
/|jlb 917. IS made foot to the upper end of oeeh Jaw, by the three screws n«n,R. Ffo, 
911, ia a foont view of the jaw amanled with its comb, to Ulnitrate its conatxiioitlon. 
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The lever % correFpondi hj the stout iron wire u with • pedal pressed by the 
n^dlti-wonian s foot, whenever she wishes to separate the two Jaws, in order to insert 
between them the parallel edges of leather to be sewed. The instant she lifts her 
fiKit, the two jaws join by the force of the spring a, which pushes the movable jaw 
F, against the stationary one, d. The spring is made fast to the frame of the vice by 
the screw, li. 

After putting the double edge to be sewed in its place, the woman passes her needle 
successively through all the teeth of the comb, and is sure of making a remilar seam 
111 every direction, provided she is careful to make the needle grace along &e bottom 
of the notches. As soon as this piece is sewed, she presses down the p<dnl with her 
toes, whereby the jaws start asunder, allowing her to introduce a new seam ; and so 
oil in « I nick sueoession. 

The comb may have any desired shape, straight or curved ; and the teeth may 
he either larger or smaller, according to tho kind of work to be done. With 
this View, the combs might be changed as occasion requires; but it is more 
economical to have sets of vices ready mounted with combs of every requisite sixe 
and form. 

It is estimated that the value of tho gloves manufactured in France is between 
l,600,000f. and 2,0(i0,000/., and is still rapidly Increasing. The kid and lamb skin 
used lor glased gloves are dressed at Paris, Grenoble, Annonay, Romans, and Charlc- 
inotit The Pans manufacturers whose gloves are most esteemed employ workmen 
ft-oni Vendome. 

GLIM 'IN A (Gluntie, Fr.; lUryllerde, Germ ) is one of the primitive earths, ori- 
ginally discovered by Vauquelin in 1797 in Uie emerald of Limoges; be called it 
gliiciiia from the sweet taste possessed by its salts. Its existence m several other 
luiiicruis has since been proved: vis., in cymophane or chrysoberyl, phcnacite, 
cucla«tc. godoliiiite, leucophane, &e. Its properties have been comparatively little 
hiudied, owing to the tedious and expensive processes required for its preparation. 
From the circumstance that this earth may probably be employed in the production 
of gems by artificial methods, it is thought important to aesoribe its pequliariticw 
tuliv. 

(iMiriNUM, the metal of Glucina, has been obtained by M. H. Debray (Ann. 
Chm ct /Viy,^ xHv. 5) by the followidg process. Into a wide glass tube are intro. 
(iticiHl two vessels, one coutainiiig chloride of glaciniim, and the other sodium, 
dcprii ed of tlic greatest part of the adhering naphtha by compression between two 
nliecth of blotting paper. The glasa tube is placed in a combustion ftimace. It is 
tiieii traversed by a current of hydrosen, ppmng from the chloride of glucinnm to 
the hodiuni. The sodium is not placed hi me tube until all the air has been expelled 
h> tiic hydrogen. The tube is then heated just where the sodium is placed, which 
b; tins means is deprived of thn Jest particles of naphtha, and ftises. The chloride of 
glucinum is then heated. The yfpow of chloride driven forwards by the hydrogen 
arri« cs over the fused sodium. It then swells up, and the heat generated by chemical 
action is sufficient to raise the contentsof the vessel to redness which often breaks the 
vessel if made of porcelain. The operation if inded when the chloride of glocinum 
sublimes beyond the sodium vessel. When the tube is cool the vessel is withdrawn, and 
in the place of the sodium a large quantity of a blackish substance is found, composed 
of common salt add the metal gluoioum in brilliant spangles, and sometimes even in 
globules. This mail is quickly detached and ftised in a small mcible, with the addi- 
tion of some dried common salt, which acts u a flux, and facilitates the union of the 
gliibules of metiU. 

It 18 a trigte metal, whose density is 2*1. It may be foiged and rolled into sheets 
like gold.*^RB melting point is inferior to that of silver. It may be melted in the 
outer blow-pipe flame, without exhibiting the phenomenon of ignition presented by 
sine and iron under the same circumstances. It cannot be set on fire in an atmo- 
sphere of pure oxygen, but In both cases is covered with a film of oxide, which seems 
to protect it ftrom further action. It is not acted on by snlphnr, bat readily combines 
with chlorine and iodine by the aid of heat. 

The metal which Wohler obtained, by igniting chloride of glocinum with potassium 
in a platinum crucible, differs considerably nom that just described ; the metal 
thu« obtained being a giwy powder, very refhmtory In the furnace, bat combines with 
<>xygen, chlorine, and snlpbnr much more energetically than the metal described 
by Dubray. The differences arise probably partly from the different state of 
aggregHtion, and partly fWmi the contamination of Wohler’s metal with platiniim and 
potassium. 

BerseUns effected the solution of the beryl by ftising tho flnoly*poirderod 
beryl wNb three times its weight of carbonate of potash in a platinum cimble, Slid 
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then treating the fuied mass irith hy drochlorie acid i hnt the iwtUiog up of the mixtnre 
of earbonate of potash and beryl at the moment of ftuion, mveifti large qnaatitiei 
being made at a ume. To obviate this, Dehray neee lime* The ibilowiiig ia the pro- 
ceea given by him. 

The pulvenied emerald is mixed with half its weight of qaiclcUme in powder | the 
mixture is then Aised in an earthen onioible plaeed ui a wind-Aimaee i the tanj^ni* 
tare at which the fusion tabes place is moob louii thah that required for the assay of 
iron 'J 1 ie glass Ums obtained is powdered and nioisleaed with water acidulated wi h 
nitne acid, so as to ohttin a thick jaute, to which is added com entrated nitiio ai'iil, 
taking care to stir the ma«% which is converted, in the oold, but better by licat, into 
an homegenrous Jelly | this is evaporated to drive otf the exceai of eeid* then heatid 
s«* as to decompose the aitraics of alumina, gtumna, and Iron It is adviKsblo to miee 
the temperature at the end of the operatioo to as to d^iompohe a small portion of the 
nitrate of linic The result of this calcination is composed of insoluble silica, alumina, 
gluciua, and nquioaide of iron, insoluble in watari finally nitrate of lime, and a little 
tree lime. It is bedfod with water oonumiog mme chloride of nmnionium. 

The nitrate of lime la rapidh removed by the water, and the lime dceoinposing the 
blonde )< amiuoiiium is aUo at length dismvrd, with liberation of ammonia This 
d 1st nga^i.ineiit of ammonia ceases as soon as all the lime is dissolved, and as it la the 
surest guaiantee of the non solution of the alnmiua and glucioa, the calcination of the 
latratee sboold he n*poated, unless ammonia is liberated under the cirtumstances just 
naiitioiiMl 'I he residne of Silica, alumina, glucina, and iron is well washed until 
all the lime is removed, which u known by ox^atu of ammonia causing no cloudi- 
ness in tile washings The separation of the silica and the earths is easily effected* 
mere boiling with nitric acid dissolving the alumina, glucina, and iron, and leaving the 
silica nndissolved The solution of the nitrates of alumina, glucina and iron, is then 
pxtured into a solution of carbonate of ammonia, to which a little ammonia has been 
added The precipitation of the earths takes place without liberation of carbonic acid, 
and the glucina at length redissolves m the carbonate of ammonia. The solution of 
the glm ma may bi* considered complete after seven or eight days* digestion. As the 
carbonate of ammonia may dissolve a little iron, it is better to idd to Die solution a 
a few drops oi sulphide of ammonium, which precipitates it completely. The solution 
is then filtered and boiled to drive off the carbonate of ammonia, when the glucina is 
precipitated in the state of esrbonate. 

The carbonate of glucina is a dense white powder, easily washed ; it is collected on 
a filter and di ied. 

Fiom the carbonate any of the other compounds of glncina may be easily prepared ; 
simple calcjDstion converts it into glucioa A process for the separatiou of alumina 
and glucina has been proposed by M Berthier ; it consists in suspending the well 
M ashed earths in water, and passing a current of sulphurous acid through them. Their 
solution 18 complete. The liquid is then boih*d to expel the excess of lulphurousacid, 
when a dense sub-sulphite of alumina is precipitated, leaving the glucina in solntion. 
Debray finud that sometimes in this process the gluema was entirely precipitated with 
the alumina. 

Glucina thus obtained poisesses the foUowing properties. 

It IS a light white powder, without smell or taste. Infusible, bat volatilises Jut u 
line and ma^esia. Heat does not harden glueina as it does alumina, but renders it 
uciertheless insoluble in acids. Boihng concentrated sulphuric acid dissolves it 
easily, but the actiou of nitric acid is very foehle when the glttcina has been strongly 
heated. Caustic potash dissolves it readilyi and glucina is even capable expelling 
the carbonic acid from carbouate of potaw ; it is again precipitated firom its solution 
in potash by boiling when diluted to a etrtatn extent. 

Ehelmon has obtained it in hexagonal pnsins by submitting a solntion of glucina, in 
fused boraeie acid, to a powerful and long-contmued heat. It may likewise be obtain^ 
lu uitcroacopic crystals by a more easy process, which consists in deoomposing the 
snlphate of glucina at a hightemperatnre, in the presence of sulphate of potesh t also 
by calcioing the double carbouate of giucinn and ammonia. The eryslala are sepatmted 
from the sulphate of potash by wasUiig. 

The hydrate of glucina is obtained by precipitating t salt of that base by nmnumia. 
The prmnoe of ammomaeal salts does not hinder rhe preoipitetMm. When reecnety 
prepared it gveuily lesemblte the hydrate of alnmumi only it absosba* by dryiu in 
the air, a notable quantity of earbonb acid. 

The hydrate of glncina caaily Icsas ha water by beat, and baocaaet than inaolnblc 
in earlxm^ of ammonia, the hydrate whan pare beiag vary aduhlc in it | bat ita 
aolnuon is hindj^ by the prescaea cf ainaiaa, in which case* it is rndy complete after 
several bom* digestion. It isaltosoInbteinsnlphimKte seidaad hisnlphite of ammonis. 

Qlueiaa precipitated firom aoam of iia solntmns by ammoniap is redissdvsd by pro* 
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longtd ebullition, but th» if observed more especitlly when precipitated Arom the oxa- 
lut( nr aoLtate of glurina 

( Mart Ut of giutinum, is prepared by the same process as the chloride of aluminium 
men 1> substituting glucina for alumina, and at first sight very much resembles it , it 
iM however, much has volatile than chloride of aluminium, being about as vol itile as 
t blonde of rinc It differs also from chlondc of aluminium inasmuch as it is not 
iupabic of forniing definite compounds with some protochlorides , chloride of alumi- 
nium uniting with certain protochlorides forming a series of compounds, fusible at a 
low temperature, volatile at a red heat without decomimBition , and the compenitioo of 
which IS represented bv the formula A1*C1*+ MCI The crystals of chloride of alu- 
tniniuin may lie called chlorinated spindles, and are easily obtained, it being only 
necessary, in order to form the sodium compound of the group, to mix the chloride of 
aluminium with half its we ight of common salt, and distil, one distillation producing it 
pure, the formula of it being A1*C1* + NaCl Chloride of glucinum is very soluble m 
water , it ina^, however, be obtained in crystals, by allowing its solution to evaporate 
over sulphuric acid under a bell jar The presence of a little free hydrochloric acid 
favours the crystallisation Thus obtained, this salt is a hydrate, and accoiding to 
Awdt j4 w Its formula is GlCl + 4110 The hydrated chloride of glucmum is decom 
]H>sed by hi at into h) droehlorit acid and glucina 

Joih leaf tflucinum — This compound presents all the characters of the chloride, only 
being a little less vol itile 1 he affinity of iodine for glucmum, is not very strong, 
o\}g(.n decomposing the iodide at the heatot a spirit lamp, liberating iodine and form- 
ing glucina 

Gluemiini is also capable of combining with fluorine t the double fluoride of 
gluoinum and potassium being formed by during a solution of fluoride of potassium 
intd a ^It of gliieiua It is but little soluble m the cold, and is deposited in the form 
of biilliaiit sialis 

Sulphate of tfluuna — This salt is white, has an acid and slightly sweet taste It 
IS unaltei ible lu the air at ordinary temperatures but effloresois m diy and warm air 
n> hi It, It first fuses, m its water of crystallisation, then at a red beat is decomposed 
into sulphiiroiiB acid, oxvgm, and glucina 
Water at 57 2^ F (14^ 0 ) dissolves about its own weight of this salt , its solubility 
is null asid by beat, and boiliriff water dissolves an indefinite quantity The presence 
of fric hulpbiiiit acid or alcohol lessens ite solubility 

It loses a portion of its acid lu many eases with facility , for instance, wc obtain 
an iiiur) Stull sibh tribasie sulphate of glucina, by dissolving carbonate of glucina in a 
lonccntratid soluti u of the sulphate , carbonate of glucina is added until carbonic acid 
ccasestubi li bei ate d at cm h addition , tin liquid hltc red and evaporated gives a gummy 
lesidue Ihe very dilute solution of tins salt lets fall some glucina, and is changed 
into 1 bibasic sulphate, also uneiystallisabk 

Sulphati of glucina dissolves sine with disengagement of hydrogen, forming a 
bibasic sulphate of glucina and sulphate of amc Sulphate of alumina, under the same 
eiioumsiauees, dissolves sine with liberation of hydrogen, end flnrms a sulphate of zinc 
and an insoluble subsulphate of alumina Takingadvantsgeof this difference. Debray 
I ro|M>8td a method (Aan Ch^m et Phyi xliv. 26), fbr the separation of alumina and 
gluoiiia, but whie h does not answer for analytical purposes, as chemically pore zinc 
is only acted on with great difficulty by these sulphates Sulphate of glucina is formed 
hy dissolving the carbonate in dilute sulphuric acid, the evaporated liquid depositing 
It on cooling It 18 essential to keep the liquid distinctly acid, it assists the crystal- 
lisation, and besides if we were to dissolve the caibonate in it until the liberation of 
carbonic acid ceased, we should obtain a basic uuorystallisable salt According to 
Awdijtw thg^iiiula of this salt u 

^ G10,S0»+4H0. 

Double sutphate of ghtcina and potaeh ^Tbis salt was discovered by Awdejew , he 
obtained it while endeavouring to produce the double sulphate of glucina and potash 
eorresponding to common alum (which, had he succeeded, would have been one of 
the best pi oofs of the analogy existing between alumina and glneina) 

It IS obtained in crystalline crusts, by evaporaUng a solntion contaimng 15 parts of 
sulphate of glucina to 14 parts of sidphate of potash. The concentration is stopped 
as soon as the liquid beoomei tnrbid t nt the e^ of a fisw hours this salt is deposited^ 
which It purified by recrystallisation It u precipitated os a crystalline powder by 
the addition of sulphunc acid to the concentrated aotlition. It is but little soluble m 
the cold, much more so, though slowly, in hot water. By the action of heat It first 
fuses in its water of crystallisation, then it decomposed entirely into glncina and iul« 
phate of potash, if the beat )s strong and long enough applied. Iti compoutum ii 
presented by the formula 

G10,S0’4^&0,S0«4SH0, 
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Carbonate ofgbwina,^Q\ac\nn is foluUe in carbonile of tnunooin. When the solo- 
tion iH boiled, carbonate of ammonia is driTeti off, and a precipitate of carbonate of 
glttcina is formed, the composition of which seems to be 
8QIO,CO»-I-5HO; 

but if we arrest the boiling as soon as the solution beoooMC tiftbid, we obtain a solution 
of a double carbonate of ipncina and ammonia, from which, by the addition of aloohol, 
this Milt is deiKNiited in clear crystals. Duubit earkmaU ef p/eoma oitd amsioaMi is 
white, very soluble in cold water, hut is easily oeeompoiod by hot water, liberating 
carbonate of ammonia and depositing carbonate of gJoeina. ft i« muoh less soluble in 
dilute alcohol, and nearly insoluble in ahiolnte alcohol It is eaaily deeomposed by 
heat, leaving as a residue pure glucma. 

It is also decomposed by exposure to the air after some time. Aceordiiig to Debray 
the formula of this salt is 

4G10,.*^C0*H0+ a{NH*O.CO») 

There also crisis a double carbonate of potash and glncina rorresponding to this salt, 
and Is prepared by the same process, merely suhstitutiug carbonate of potash for car- 
’lonate of Hramooia ( the oarlxuiate of potash, however, Cakes longer to dissolve the 
glncina ihan carbonate of ammonia. 

Oxalic acid dissolves glucina but does not yield any crystallisable compounds, except 
in corabinstion with other oxalates, as the oxalate of potash or ammonia. 

These double salts crystallise well and have the following simple composition: — 
Gl0,0aOJ+KO,(J*O»; 

G10,C»0^+NH<0,0*0*. 

These salts are obtained by dissolving carbonate of glncina in binoxalate of ammonia 
or potash in the cold, until carbonic acid ceases to be given off. They decrepitate by 
the applicattou of heut. The composition of glucina is still undecided ; llersehus re* 
garding it as a besquioxide, and Awdejew and others as a protoxide. The latter view 
g'vcs gr«*ater simplicity in the formula of its compounds, hut glucina has no dfcided 
analogy to the ordinary class of protoxides, lime and magnesia, Arc. — H. K B. 

GLUC08K, The name given to grape and starch sugar by M. Dumas. See 
SftoaR. 

GLUE (CoQe fotie, Fr.; Leim, Tiachlerkim, Germ.) is the chemical substance gela* 
tine in a dry state. The preparation and preservation of the skin and other animal 
matters employed in the manofocture of ^Ine, constitute a peculiar branch of industry. 
Those who exercise it should study to prevent the fermentation of the substances, and 
to diminish the cost of carriage by depriving them of as much water as can conveniently 
be done. They may then be put in preparation by macerating them in milk of lime, 
renewed three or four times in the course of a fortnight or three weeks. Hiis process 
is performed in large tanks of masonry. They are next taken out with all the adhering 
lime, and laid in a layer, 2 or 3 inches thick, to drain and dry, upon a altmiug pave- 
ment, where they are turned over by prongs two or three times a dav. The action 
of the lime dissolves the blood and certain soft |mrts, attacks the epidermis^ and dis- 
poses the gelatinous matter to dissolve more readily. When the cleansed matters aiw 
dried, they may be packed in sacks or hogsheads, and transported to the glue manu- 
factory at any distance. The principal substances of which glue is m^e ore the 
parings of ox and other thick hides, whtrii form the strongest article, the refose of 
the leather dresser; both afford from 45 to 65 per cent of glue. The tendons, and 
manv other offals of slausAiter-houses, also toord materisls, though of an inferior 
quality, for the purpose. The refose of tanneries, such as the ears of oxen, oalvse, 
sheep, &e., are better articles ; but parings of parchment, old gloves, and, in dut, 
antnial skin in every form, nneombtned with tannin, may be made into glue. 

The manufoctuTer who receives these materials is generally earaful to eninre their 
nnriftoation by snliiieeting them to a weak Ihne steep, and rinsing them by exposura 
in baskets to a stream of water. They are lastly drained npon a sloping snrfoee and 
well turned over till the qniohlime gets mild ty absorption of carbonie aald t for, in 
its caustic stats, it would damage the glue at the beat of boiling water, It is not 
neoMmrj, bowercr, to dry them before they art put into the boiler, beeanse t^ dis- 
solve foster in their soft and tomsAed state. 

The boiler foinade of copper, father shallow in proportion to its arsa, irith a unilbem 
Hat bottom, equably exposed m over to the Same of tte Are. Above the true hotioiii 
there is a folse one of copper or imo, p i ersid with holes, and standing npon foot 3 or 
4 hfobes high; which servee to soaw foe animal matlera, and prewsn t tlwiB Am 
being injorad 1^ foe Are. The copper heiag Ailed to two-thirde of Us hri^ irifo 
soft water, is foiai heaped up with the balky aalmal fabttiaces,sohighaatosonBOaiit 
its brim. Bat soon after the ebuUitien begins they sink down, nod, in n fow konrpL 
get entirely Immentd b the liquid. They should be stirred about from tame to 
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and welK prtiMd down townrdi the falte bottom, while n eteady but gentle boil is 
DiRintainea. 

The lolution matt bo drawn off in aocoeHiTe poitione i n method which fractions 
the prodnets, or snbdirides them into articles of yarioua value, gradually decreasing 
frrom the first portion drawn off to the last It has been ascertained by careful expe- 
rinienu that gelatine gets altered over the fire very soon after it is dissolved, if the 
heat of 212° is maintained, and it ought therefore to be drawn off whenever it is suffi* 
ciently fluid and strong for forming a clear gelatinous mass on cooling, capable of 
being cut into moderately firm slices by the wire. The point is commonly determined 
by filling half an egg shell with the liquor, and exposing it to the air to cool. The 
jelly ought to gut very consistent in the course of a few minutes ; if not so, the boiling 
must bo persisted in a little longer. When this term is attained, the fire is smothered 
up, and the contents of the holler are left to settle for a quarter of an hour. The stop- 
cock being partially turned, all the thin gelatinous liquor is run off into a deep boiler, 
immersed in a warm water hath, so that it may continue hot and fluid for several 
hours. At the end of this time the supernatant clear liquid is to be drawn off into 
congealing boxes, as will be presently explained. 

The residue, or nndiasolved matter in the boiler, is to be ogain supplied with a 
quantity of boiling water fr'om an adjoining copper, and are to be once more subjected 
to the action of the fire, till the contents assume the appearance of dissolved jelly, and 
iifiord a iVesh quantity of strong glue liquor, by the stop-cock. The ** grounds " 
Hhould be subjected a third time to tins operation, after which they may be put into 
a bag. and squeexed in a press to leave nothing unextracted. The latter solutions are 
ususdlv too weak to fonn glue directly, but they may be strengthened by boiling with 
a portion of Awsh skin-pariiigs. 

,918 represents a convenient apparatus for the boiling of skins into glue, in 



w Inch there are three coppers upon three different levels ; the uppermost being acted 
upon hy the w aste heat of the cnimney, provides worm water in the most economical 
wa> ; the second contains the erndc matmals, with water for dissolving them; and the 
third reccivc^he solution to be settled. The last vessel is double, with water con- 
tained betwAthe outer and inner one ; and discharges its contents by a stop-cock 
into bucket^r filling the gelatinisiDg wooden boxes. The last made solution baa 
about one-fivc-hundredthpart of alum m powder usually added to it, with proper agita- 
tion, after which it is left to settle for several hours. 

The three siieeessive boils fumish three different qualities of glue. 

Flanders or Dutch glue, long much esteemed ou the Continent, was made in the 
manner above deecribed, bat at t«o boils, from animal oSUs well washed and soaked, 
so as to need less boiling. The liquor being drawn off thinner, was therefbre leas 
coloured, and being made into thinker jdites vras very transparent The above two 
boils gave two qualities of glue* 

lly the English practice, the whole of the an i m a l matter is brought into aolutiou at 
once, and the liquor being drawn off, hot water is poured on the residuum, and made 
to boil on it fbr some time, when the liquor thus obtained is merely used instead of 
wnttr upon a ftesh quantity of glue materials. Tiie first drawn (ff liquofr U kept hot 
>11 A settling copper for five hours, and then the clear solution is drawn off into the 
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These lM>sei m madeof desi, ofa Mim fbnn,biit a little narfower at bottom than 
at top. When very regnUr eakes of glue are vrished ft>r, erosa grooves of the desired 
square form are cut in the bottom of the bos. The liquid glue it poured into the 
boxes placed very level, through ftuinels famtshtd with iher eMii» till it etandt at 
the brim of each. The s|iartment in which this ii 4m Ought fo be Oi cool and dry 
as possible, to ihvour the solidideution of the glue, and should be doored whh stone 
dags kept very clean, so that if any glut run through the evemai it auty be recovered. 
At the end of 10 or U hours, or usually in the moimr if the boues bove beeu dlW 
over-night, the glue is suficiently firm fhr the nets, iM 4m are at this time removed 
to an upper story, mounted with veotiladiig vdadows to admit tho air flmm all quar- 
ters. Here the hoses are inverted apou a moistened table, to that the gelatinouc 
cake thus turned out will not adhere to its curfsee t usually the moist blade of a long 
knife is insinuated round the sides of the boxes befbrehand, to loosen the glne. The 
muss is first tlivided into horizontal layers by a bran wire stretched in a frame, like 
that of a bow-saw, and guided by rulers which arc placed at distances corresponding 
to the desired thickness of the cake of giue. The lines formed by the grooves in the 
bottom of the box dsofine the superficial area of each cake, where it is to be cut with 
u moist } uife. 'Ihe g(.datinoiif lovers thus fbrnied, must bi‘ deatrously lifted, aud 
immediately laid upon nets stretched in wooden firames, till each frame he filled. 
These frames are set over each other at distances of about three inches, being supported 
by small wooden pegs, stuck into mortise boles in an upright, fixed round the room ; so 
timt the sir ui»y have perfectly free access on every side. Tiie eakes must inor»>- 
over Ite turned upside dou n upon the nets twice or thrice every day, which is readily 
managed, as each irame may be slid out like a drawer, upon the pegs at its two 
sides. 

The drying of the gins is the most precarious part of the manufketure. The leost 
disturbance of the weather may injure the glne during the two or three first days of 
its exposure ; should the temperature of ite air rise considerably, the gelatine may 
turn so soft as to become unshapely, and even to run through the meshes uiion the 
pieces below, or it may get attaclied to the strings and surround them, so as not to 
he separable without plunging the net into boiling water. If frost sapervene, the 
water may freeze and form nunieroos cracks in the cakes. Such pieces must be im- 
mediately re-inelt«*d and re-formed. A slight fug even produces upon glue newly 
exposed a serious deterioration ,* the damp condensed upon its surface occasioning a 
general mouldiness. A thunderstorm sometimes destroys the coagulating power in 
the whole lamium at once ; or causes the glue to turn on the nets, in the language 
of the manufacturer. A wind too dry or too hot may cause it to dry so quicklv, as to 
prevent it from contracting to its proper sixe without numerous cracks and fissures. 
In this predicament, the cloiiing of all the fiape of the windows is the only means of 
nbating the mischief. On these accounts it » of importance to select the most tem- 
perate season of the year, such as spring and autumn, for the glue manufacture. 

After the glue is dried upon the nets it may still preserve too much flexibility, or 
softness at least, to be saleable \ in which ease it most be dried in a stove by arti- 
ficial heat. This aid is peculiarly requisite in a humid climate, like that of Great 
Britain. 

When aufficientlv dry it next receives a gloss, by being dipped, cake by cake, in hot 
water, and then rubbed with a brush, also moistened in hot water t after which the 
glue is arranged upon a hurdle, and troaifSuTed to the stove room, if the weathw be 
not sutBeiently hot One day of proper drought will make it ready Ibr being packed 
up in casks. 

The pale colonred, hard, and solid article, possessing a brilliant fracture, which is 
made the parings of ox-hides by the flm process, is the best and moat ctdiesive, 
and it most suitable for Joiners, cabinet-makers, paintors, &e. But many workmen 
are infinoneed by aooh ignorant prqjodioes, that they Mill prefer a dark-ooloured 
article, with somewhat of a fetid odour, indic^Te of its imparity and bod prapaimtkto. 
the result of bad materials and too long exposure to the boiling heat. 

There b a good deal of ^ mado in Franoe ftom bones freed ftom tlte phosphate 
of lime by muriatic acid. This it a poor article, pnassssing littla oohetSto ftma. It 
dassplvcs almost eutiieiy in cold water, which k Uie beat enteriou of it# impeffrotion. 
Ohic dioald merely soften in cold watmv and. the mors oonsidatably it awcUs,* fiho 
better, gcneraliy speaking, it ia. 

SosM manniheturen prefer a bram to a copper pan ftir hoUing glue, and fniktmnbh 
oDskimmiiigitM it boils; hut the apparaiia teprasa^ rafidan akimi^iig of Ultia 

eomamm. For use, glae should be hrokan into small pieote, pnt along with aarite 

w^rlkto a flowed to ao^ fior aoM boon, and anhketed to^a haatnf a 
Mi^water hut not boikd itaalfi The aorronadlngh^ water heepa it kmg 
la a fit state finr joiaen, cabinet-iaakeri, Stc, 
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Water containing only ono-hundredth part of good glue, forms a tremulous solid. 
When the solution, however, is heated and cooled several times, it loses the property 
of gelatinising, even though it be enclosed m a vessel hermetic ally sealed Isinglass 
or fish glue undergoes the some change Common glue is not soluble in alcohol, but 
is precipitated in a white, coherent, elastic mass, when its watery solution is treated 
with that fluid Uy transmitting chlorine gas through a warm solution of glue, a 
combination is very readily effected, and a viscid mass is obtained like that thrown 
down by alcohol A little chlorine suffices to precipitate the whole of the glue. 
Concentrated sulphuric acid makes glue undergo remarkable changes , during which 
are produced sugar of gelatine, leucine, an animal matter, &c. Nitnc acid, with the 
aid of heat, converts glue into malic acid, oxalic acid, a fot analogous to suet, and mto 
Unnin , so that. In this way, one piece of skin may be made to tan another. When 
the mixture of glue and nitric acid is much evaporated, a detonation at last takes place 
Strong acetic acid renders glue first soft and transparent, and then dissolves it Though 
the solution does not gelatinise, it preserves the property of glueing surfaces together 
when it dries Liquid glue dissolves a considerable quantity of lime, and also of the 
phosphate of lime recently precipitated Accordingly glue is sometimes contaminated 
w ith that salt. Tannin both natural and artificial combines with glue, and with such 
effect, that one part of glue dissolved in 6000 parts of water affo^ a sensible preci 
pitate w ith the infusion of nutgalls Tannm unites with glue m several proportions, 
which arc to each other as the numbers 1, 1^, and 2, one compound consists of 100 
glue and 89 tannin , another of 100 glue and 60 tannin ; and a third of 100 glue and 
120 tannin. These two substances cannot be afterwards separated ftrom each other 
by any known chemical process 

Glue may be ft^ from the foreign animal matters generally present m it, by soft- 
ening it 111 cold water, washing it with the same several times till it no longer gives 
out any colour, then bruising it with the hand, and suspending it in a Imen bag beneath 
the surface of a large quantity of water at 60^ F In this case, the water loaded with 
the soluble impurities of the glue gradually sinks to the bottom of the vessel, while 
the pure glue remains in the bag surrounded with water If this softened glue be 
heated to 92° without adding water, it will liquefy, and if wo heat it to 122°, and 
filter it, some albuminous and other impuiiUes will remain on the filter, while a colour- 
less solution of glue will pass through 

Experiments have not yet explained how gelatine is formed fVom skin by ebullition. 
It IS a change somewhat analogous to that of starch into gum and sugar, and talM 
place without any appreciable disengagement of gas, and even in close vessels. Gela- 
tine, says Berxelius, does not exist m the living body, but several animal tusoes, such 
as skin, cartilages, hartshorn, tendons, the serous membranes^ and bones, are suscep- 
tible of being converKd into it. See Gelatine 

GLUIEN (Co/^ Vegetak and Gluten, Fr Kleber, Gergi ) was first extracted by 
lleccaiia ftom wheat flour, and was long regarded a\a proximate principle of plants, 
till Einhoff, Taddei, and Berxelius succeeded in showing that it may be resolved by 
means of alcohol into three different substanoes, one of which resembles closely aniniA 
albumine, and has been called Zymome, or vegetable albugune ; another hu been 
calhd Gliadine; and a third JUfucwe. 

Gluten, when dried in the air or a stove, diminishes ||;reafly in sice, becomes hard, 
brittle, glistening, and of a deep yellow colour. It is Insoluble in ether, m fat and 
essential oils, and nearly so m water. Alcohol and acetic acid cause gluten to swell 
ond make a sort of milky solution. Dilute acids and alkaline lyes dissolve gluten. 
Its ultimate constituents are not determined, but aaote is one of them, and aocowngly 
when moist gl^| is left tc forment, it exhales the smell of old cheese. 

Some yetMmme, M. E. H. Martin, of Yervins, proposed to extract the starch 
u ithout iqjanng the gluten, which then becomes available for alimentary purposes. 
Ills process is a meohanical one (resembling that long practised m laboratorief for 
yirocunng gluten), and cousists in washing iraeat flour, nmde into a paste, with water, 
cither by the hand or machinery. 

The gluten thus obtained is susceptible of numerous usefhl applications for alimen- 
tary purposes. Mixed with wheat flour, in tbe proportions of 80 parts of flour, 10 of 
fresh gluten, and 7 of water, it has been employed to produce a superior oort of maca- 
roni, Termini, and other kinds of Italian pastes \ and MM. Ydron Frhres, of Paris, 
have made WiUi it a new sort of paste, which they have termed grtmulaitd ofoMi 

.GLYQMRlliE is a aweet substance eixtcaeted from Ikttj substaneei. Zt may he 
pfopoMln the utmost purity by the following process: — If we take equal parts of wve 

^^fioely*graand lltbar^ put them into a baspn with a little Water, set thii cm a 
sand bath moderately beat^ and atir the mixture constaatlj, with the oc ciS i om l 
addition of hot water to replace what is lost by evaporation, we shall obtain, in a 
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time, a soap or plaster of lead. after having added more water to this, we remote 
the vesbcl from the fire, decant the liquor, dlter it, pass sulphuretted bjdrogen through 
It to separate the lead, then filter afresh, and conrentrate the liquor as mueh as pos- 
sible without burning, upon the sand-bath, we obuin glyeennt ; but what remains 
must be finally evaporated within the receiver of the an^pump. Glycerine thus pre- 
pared is a transparent liqnid, w ithoui colour or smell, and of a sympy aemsistoneft It 
has a very sweet taste. Its s|iecifio gravity is 1 *7 at the temperature of 00“ When 
thrown npon burning coals, it takes fire aim burns like an oiL ^ Water combines with 
It in almost all proportions ; alcohol dissolves it readily , nitric acid converts it into 
oaalic acid ; and, according to Vogel, sulphuric acid transfbrms it into sugar, in the 
same way as it does starch. It) yeast it becomes acid by the forniatiou of formic and 
uietaeetic acids. 

Its eonstitnent^ are, carbon 41 1, hydrogen 9, oxygen A I, in 100. 

tllycerinc is <iiie of the prodm of the saponification of fat oils. It is produced in 
liirgi* quantities in the soap maiiutactories in a very impoTu state, being contaminated 
with saline and empyreumatio matters, and having a very strong disagreeable odour. 
Ill order to obtain glycerine ffoni this source, the residuary liouors are evaporated and 
tiiHtiil Wit' alcohol, which dissolves out the glycerine. The alcohol having Wn 
s psrated b} evaporation, tho glycerine is diluted with water, and boiled with animal 
ohnrcoal. This process most be repeated several times, or until the result is sufh- 
ei( utly free from smell. It is, however, difficult to obtain pure glycerine from this 
source, on account of the nature and condition of the ingredients usually employed in 
making soap, which it is almost impossible to deprive of rancid odour. 

The oompounds of glycerine with the fatty acids constitute the various kinds of fhts 
and oils, but the hose diH s not appear to have the same composition in all. A certain 
quantity of water appears to Separate, and the equivalent of glyconne to be in some 
fats but half what it is in others. Thus the glycerine of the palm oil has the formula 
and tlu glycerine of niyristine, or nutmeg butter, C7*H^O, of which bodies 
the common glycerine should he the hydrate. 

Glycerine is now obtained in great quantities from palm oil, in the process of puri- 
fication for candles. It is employed with mueh advantage to preserve soft bwied 
aniinals. It is manufactured into soap, is administered internally, and is supposed to 
possess highly nutritive properties. It has been employed in cases of deafness, and in 
diseases of the throat, lly some it is used to preserve collodion plates iii a state of 
sensitiveness for many days. 

Glycerine has many important uses in the arts. The use of it as a soap, gfyetrint 
•oap, IS now familiar to all. It may be used for preserving articles of food, especially 
suen as require to be kept moist, as fruits and the like, in tin cases. Meat is said 
to keep well in glycerine, and preserve its flavour, it is recommended to modellers 
for keeping their clay moist. In the Technobgi^ January 1958, a process of 
madder dyeing with the aid of glycerine is described. It has been much used in 
printing processes, especially for printing reoelpt and postage stamps. Vasseurs and 
Houbigant patented an application of glycerine. They mlute it with four or five 
times Its weight of water ; with thia, paper is moistened, and it retains its moist 
condition for any length of time. It may be introduced into the paper pulp, or it 
may be mixed with the ink. In either case copies can be readily taken b> pressure. 
Glycerine never freezes, it is therefore recommended as a lubricant for delicate 
machinerjr, and it has bm used for floating ships* compasses, it will not solidify 
in cold climates, or evaporate in hot ones. 

Amongst other purposes to which glycerine has been applied, it has been snbsti- 
toted for lord, as a basis fbr ointments, by forming a ** plasma ^ of glyoerioe and stareh. 
Fifty gimins of the TtnU-lu-moU starch are to be rubbed with one onnee of glycerine, 
and the mixture heated to 240'’ for a few minntes, or till it becomes translucent See 
Watts’ ** Dietionafy of Chemistry.” 

GLYCERIN)^ nlTRO. In 1847 a pupil of Bf. Pdooie’s, M. Sobrero, discovered 
that giyeerine, when treated with nitric acid, was eonveited into a hifl^ly exploslvo 
snhstanoe, whidh he called nitro-glycerinc. It is oily, heavier than water^ aoluble in 
alcohol and ether, and acts ao powerfially on the nervous system that a ainglo drop 
placed cn the of the tongue will cause a violent headache wUdi will last fbr 
aevenl hours. This liquid seems to have been tlmoat forgotten by chinaffite, and it 
la only recently that M. Nobel, a Swediah engineer, haa socoeeded m applying it to a 
very important hrandi of hiaarb-namelythliating. From a paper addsuMcdM him 
to m Aeadamv of Seienees, we learn that the chief adeantan which thia auhatam 
— eompoaed of one part of glyeerine and threa parti of mtrie rnitiiiM. ia 
that it reqains a umeh smaller hole or chamber than gunpowte doai, the strength 
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iff the gunpowder uted, ii fo bhort that the coit of blasting is often reduced bj 
fiO per cent The process is very easy ; if the chamber of Uie mine presents fissures* 
it must first be lined with clay to make it watertight { this done, the nitro-glyoeriiio 
is poured in and water after it, which, being the lighter liquid, remains at the top. A 
slow match with a well-charged percussiou cap at one end is then introduced into the 
nitro-glycerine. The mine nuiy then be sprung by lighting the match, there being 
no need of tamping. On June 7, 1805, three experiments were made with this new 
compound in the open part of the tin mines of Altenburg, in Saxony. In one of 
these, a chamber 84 millimetres in diameter was made perpendicularly in a dolomitic 
rock, 60ft in length, and at a distance of 14ft. from its extremity, which was nearly 
vertical. At a depth of 8ft. a vault filled with clay was found, in consequence of 
which the bottom of the hole was tanqied, leaving a depth of 7ft. One litre and 
a-half of nitro-glycerine was then poured in } it occupied 5ft. ; a match and stopper 
M cre tlien applied, as stated, aud (he mine sprung. The effect was so enormous us 
to produce a fissure 50ft. in length and another of 20ft. ; the total effect had not 
been ascertained, because it required several small blasU to break the blocks that 
have been partially detached by tills. 

In 1805, M. Nobel made a scries of experiments with this explosive fluid at 
Falmouth, and in some of the Cornish mlne^ niid granite quarries. Its explosive 
|>owers were proved to be enormous. Its tendency to change, and spontaneous com- 
bustion, from which some most disastrous accidents have arisen, appear to place it out 
of general use. According to Dr, de Vrjr,nitro-gl>cerine is best prepared as follows ; 
100 grammes of syrupy glycerine, of specific gravity 1*262, are gradually added to 
2U0 cc. of nitrio acid, of specific gravity 1*52, immersed in a fyeezing mixtme, the 
liquid being continually stirred, the temperature being allowed to fall to 10 centi- 
grades before each f^sh addition, and never to rise above the freezing point of water. 
A homogeneona mixture having l^en thus obtained, 200 co. of strong sulphuric acid 
are added, the mixture being still kept at its low temperature. The oily nitro- 
giyoerine, which then floats on the surface, is separated ftom the acid liquid by a tap 
lunueL The acid liquid will yield 20 grammes more of uitro-glycerine on being 
diluted with water. The nitro-glycerine thus obtained is dissolved in the smallest 
possible quantity of ether ; the solution is repeatedly shaken with water till the water 
no longer reddens litmus. The ether is then evaporated ; and the remaining nitro- 
glycerine heated over the water bath till its weight remainz oonitant. ^ There are 
other processes ; they voxy hut little from the above, and the reiulti are not always 
so constant. 


Nitro-glycerine is a light yellow oily liquid of specific gravity 1*825 j it is inodorous, 
with a sweet pungent aromatic taste; when left to itself, It ftequently undergoes 
■imutaneous dMomposition, but when well purified it may he kept for a long time 
without decomposition. At 160® centigrade, nitro-glycerine decomposes with evolu- 
tion of red vaponrSi and at higher temperatnreaitoften explodes with shattering violence, 
sometimes, if in an open vessel, taking fire without explosion. Becently prepared 
nitro-glycerine detonates when struck. Dr. Gladstone has shown that hydrated 
gly^rine, added to a mixture of three parts of eolphnrio acid, md one part of fuming 
nitric held, forms a compound which detonates violenUy under the hammer, but 
anhydrons glycerine treated in the aame manner yields a non-explosive body. Some 
kinds of nitro-glyoerine are decompoaed by exposure to sunshine, and it it stated on 
the authority of Mr. G. C. Foster, thit nitro-glyoerine keptfor a fortnight, no longer 
exploded when struck, but It showed no signs of decomposition or chemunl alteration. 
See Watts* ** Dictionary of Chemistry.** 

GLYPHO G^ PHY, A process introdneed sonke yean since to cheapen wood 
engraving. Jp|etal plate was covered with a thick etching-ground, and an etching 
made throngO) the metal in the usnal manner. Several coaU of ink were then 
applied by means of a small composition roller. This adheres only to the varnish. 
When the hollows arc deep enoo^ the plate is placed in connection with a voltaic 
' battery, uid copper is deposited m the usual way (see EuBCTBO-MBTiXLOnoT) ; the 
readt^ing a plate with the drawiag in roUefi The process is rorely practised. 


result being a plate with the drawing in roUefi 
G^ISS may be called stratified or, by those who ol^ect to tfiat term, foliated 
gmite^^^g Ihnned of the fame materiaia as granite, namely, ^par, qoarti, and 

Gneiss might indeed, in its purest andf most typical^ Ibrm, be termed sohistose 
granite, consiating, like granite, of Mapar, quarts, and mica ; but having thoae minerals 
ari^g^ in layers or plates, rather tium in n confhsedaggi^tion of crystals.— 4/iiiisi^ 
In wlmtever state of aggrMttion the particles of gneiss may have been originally 
• maltt ii a hard, tough, erystalUne rook, exhibiting oarved 

.nS V stratification, and composed In the main of qnartib Iblipar, mica, 

•"4 honblcod,. 
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which it » associated chiedy in this, that while the cryKals of quaiti, fhhtpar, are 
distinct and«eiitirt‘ in granite, in gneiM they are broken, waler-worg, nna oonfhscdly 
aggregated H(«ucc tlie general belief is, that ftneiss or giwissusn fneka are but the 
particles of granite weathered and worn, earned down by strenaas and rivers, and 
depfmited in tbe seas of that early period 

GOBELIN MAMUFACTOHl^ This esUthliehment, which has baen long oele- 
bruted for its tapestry, took its name from tlie >>rothcta Gobelin. Olloi Golnlln, a 
d}er at Pans, in tbe dme of Frnnoi'« 1., bad found out im iiupro^ emoat in the then 
usual scarlet dNc , and as he liad remarked that the water of the rifnlet Bievre, In the 
suburbs of 61 Marcean, was excellent Ibr hts art, ba erected on it a Urga dye hou^e, 
which, out of iidicule, was exiled kbout Mils pcntKl a 

Flemish painter, whom sonic name Peter Kwk, and otUiM Ktoek, and who had 
travelled a long time in the East, established, and continued to hit death in 1 560, a 
iniuiufactorv tm dyeing scarlet i loth by au improved process. Through the means 
of (''olbert, 'minister ot fAnus XIV , one of the (iobidius learned the process used for 
preparing the German fcarlet dye from one Gluck, whom tome consider to be Gulieh 
(who was laid to have learned to dve scarlet fbom one KafiRslar, .i dyer at Leyden), 

I ul others Kl(K‘k y and the PiiiisiaB scarlet dye soon rote into so great repute that 
ilu populace imagined that Gobelin hod acquired the artf^om the devik It is known 
that Louts XI V., oy the adrioe ot Colbert, purchased OobeUu*t building from his sue- 
4 essors ill lgfi7, and transformed it into a ^lace, to which he gave the name of Hotel 
fi ml fics and which he assigned for the use of drB^rate artists, particularly 

painters, Jewulltfis, weavers of tapestry, and other8.~B«eAmaHii. 

'1 he national manuiaetorv is now alone remarkable for its production In textile 
niauufuciure of some of the nnest works of art ; and not only docs it excel in the high 
chariicter of its designs, hut also lu the brilliancy and permanence of its eolow$, 

GOLD. (Eng and Germ , Or, Fr.) This metal is distinguished by its splendid 
}cUow colour; its gieat density — 19 3 compared to water 1*0, its Ibsibility at the 
39nd degree of >^cdgewood*8 pyrometer; its pre-eminent ductility and malleability, 
M hence u can he beaten into leaves only 1-262, 000th of an inch thick i and its insolii- 
bilitv in any acid incusiiuuiu, except the mixture of muriatic and nitric acids,— styled 
by the alchemists otyiia rcpiu, because gold was deemed by them to be the king of 
iiietals,-— or in solutions of chlorine. 

Gold IS found only in the metallic state, sometimes crystallised in the cube, and ita 
derivative forms. It occurs also in thred^ of various sixes, twisted and intei laced into 
a chain of minute octahedral crystals ; as also in spangles or roimded grains, which 
when of a certain magnitude are called pepttoM, Tbe small nains are not firagnienta 
broken from a greater mass; but tbej|r show by their flattened ovoid shape and their 
rounded outline that this is tbeir original state. The spec. grav. of native gold varies 
finiii 13 8 to 17*7. Humboldt states that the largest peptfa known was one found m 
Peru weighing about 12 kilogrammes (26| lbs. avoird.) ; but masses have been quoted 
in the province of Qnito which weighed nearly four times as muchu Borne of the 
** nuggets ** ftrom Austialis have greatly exceeded this. 

Another ore of gold is the alloy with silver, or argental gold, the ehetrvm of Pliny. 
It seems to be a deftnite compound, containing in 100 parti, 64 of gold and 86 of 
Silver. 

The mineral formations in which this metal oocnrs are the eryitalline primitive 
rocks, the eompaot transition rocks, the trachytic and trap rocks, and alluvial grounds. 
Kir Roderick Murchison says, in hia chapter On At OtiffauU Formatm o/Gold, in 
his **8Uuria :**—** We may first proceed to consider the natare and limits of the rich 
gold-bearing rocks, and then offer proofk, that the chief auriferoua wealth, u derived 
from tluun, oeeura in superficial detritus. Appealiag to the strueture of the different 
mounuina, which at fimner periods have afforded, or ttlll irfford, any norablo 
amount of gold, we find in all a general agreement Whether, referring to pact 
history, we east our eyci to the oouotries watered by the tonrees of the Otdden Tagus, 
to the Phrygia and Thrace of the Greeks and Romans, to the Bohemia of the MiwUe 
Agee, to tracts in Britain which were worked in old times, and an new either 
abandoned, or very slightly ]iro4eeCive, or to those chains in America and AtiMnlia 
which, previonsly nnscareh^ have in our timee, proved so rich, we invariably find 




to the ancient rocks oMy, whose older and suceession we have tneefif or thefr 
aseociated eruptive rocks. Somefimes, howeven it if also shown Uf be filflhied 
throiighthebodyofciichrQeka.whetherof igneous or of aqneoocorlgltt. Ihastntifled 
rocks of tbe highest antiquity, such at tbe oUest gneiss and qnana radka (like 
for example^ of Seandmavia atad the northern HifjUandi of Seoilatidl havq very 
teldcBB bom gold ; bat the eedi m eittary eccomalatioiia whidi Mowed, or the 
Devoniea, and carhoniferoai (pardeitoty the first Of these three) fanvo been the 
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deposits which, in the traeta where they have ondeigone a metamorphosis or change 
ol' structure by tl|e influence of igneous agency, or other causes, have been the cluef 
sources whence gold has been derived.*' 

Gold is usually either disseminated through the rocks, often in extreme minuteness, 
or spread out in thin plates or grains on their surface, or, lastly, implanted in their 
cavities, under the sha(>e of filaments or arborescent crystallisation. The minerals 
com]>osing gold bearing veins are either quartz, oalospar, or sulphate of baryta. The 
ores that accompany the gold in these veins are chiefly iron pyrites, copper pyrites, 
galena, blende, and mispickel (arsenical pyrites). 

In the ores called auriferous pyrites, this metal occurs generally in an invisible 
form ; but though invisible in the fresh pyrites, the gold becomes visible by its decom- 
position ; as the hydrated oxide of iron allows the native gold particles to shine forth 
on their reddish-brown ground, even when the precious metal may constitute only the 
five millionth part of its weight, as at RammelsWg in the Harts. In that state it has 
been extracted with profit ; most flrequently by amalgamation with mercury, proving 
that the gold was in the native state, and not in that of a sulphuret The iron pyrites 
of Wicklow, and of some of our English mines, contain gold. After the sulphur of 
the ore has been separated in the process of manufacturing sulphuric acid, the 
residuary moss, called ** sulphur cake,'* is roasted with common salt. This is thrown 
into hot water, the copper which is present is dissolved as muriate of copper. The 
silver present has been converted by the roasting process into a chloride ; this is 
dissolved out with a strong brine, from which the silver is precipitated by zinc. The 
silver cake obtained in this way is sold from prices varying from 6s. to lOs. the ounce, 
the additional sum, above fts. 6d, the ounce for pure silver, being given for the gold 
it contains. 

Principal Geld Mines, 

Gold exists in the primitive strata, disseminated in small grains, spangles, and 
crystals. Brazil affords a remarkable example of this q>ecieB of gold mine. Beds of 
granular quartz, or micaceous specular iron, m the Sierra of Cocoes, 12 leagues beyond 
Villi^ Uica, which form a portion of a mica-slate district, include a great quantity of 
gold in spangles, which in this ferruginous rock replace mica. 

The auriferous ores of Hungary and Transylvania, composed of tellurium, silver 
pyrites, or sulphuret of silver, and native gold, lie in masses or powerful veins in a rock 
of trachyte, or in a decomposed felspar subordinate to it Such is the locality of the 
gold ore of Konigsberg, of Telkebanya, between Eperies and Tokay in Hungary, and 
probably that of the gold ores of Kapnick.Felsobanya, &c., in Transylvania; an arrange- 
ment nearly the same with what occurs in Equatorial America. The auriferous veins 
of Ouanaxuato, of Real del Monte, of Villalpando, are similar to those of Schemnitz 
in Hungary, as to magnitude, relative pMition, the nature of the ores they include, 
and of the rcxdcs they traverse. These districts have impressed all mineralogists with 
the evidences of the action of volcanic fire. Breislak and Hacquet have described the 
gold mines of Transylvania as situated in the crater of an ancient volcana It is 
certain that the trachytes which form the principal portions of the rooks including 
gold, are now almost universally regarded as of igneous or volcanic origin. 

It would seem, however, that (he primary source of the gold is not in these rocks, 
but rather in the sienites and greenstone porphyries below them, which in Hungary 
and Transylvania are rich in great auriferous deposits ; for gold has never been 
found in the trachyte of the Euganean mountains, of the mountains of the Vicentin, or 
of those of Auvergne ; all of which are superposed upon granite rocks, barren in 
metoL 

If it be h^that the ancients worked mines of gold in the island of Ischia, it 
would be nniSBr example, and a very remarkable one, of the presence of this metal 
in trachytes of an origin evidently volcanic. 

Gold IS, however, much more common in the alluvial grounds than among the 
primitive rocks just described. It is found disseminated in the silioeous, argillaceous, 
and ferruginous sands of certain plains and riven, especially in their re-entering 
angles, at the season of low water, and after storms ^and temporary floods. On the 
occurrence gold. Dr. Ure remarks : ** It has been supposed that the gold fbund in 
the bedtf of riven had been tom out by the waten from Uie veins and primitive rock^ 
which they traverse. Some have even searched, but in vain at the source of anri- 
ferous streams for the native bed of this precious metal. The gold in them belongs^ 
however, to the grounds washed by the waten as they glide along. This opinion, 
auggested at first by Delias, and supported by Debom, Guettard, Robitant, Balbo,dBe., 
IS founded upon Just observationa. 1, The soU of these plains contains frequentl^it 
s^rtoin depth, and in several spots, spangles of gold, separable by wariUng. fi. Tits 
oeds of the auriferous riven and atreamm oontain more gold after Stocma of min 
upon the plains than in any other circumstances. 3, It happens almost always that 



roM is round among the sand^ of nvem only in a vefy circumaci ibed apace , on as- 
c« ndmg ihist rntrs th ii sinds cea^t to ofTord gold though did tins metal come from 
the lotkfi ibovt, It should be found inoi * uhtiti Imidy war the wuree of the nvcm 
1 bus It 18 known (hat tht Oreo c out iiiih i > gold cx^ j t from l*« nl to iti junction wiih 
the 1*0 I he I icii o atTuids gol I only bd w tlu I ago Magg and (oiiMquently 
fui lioni tin prmiiti\c mount Ml 8 ilur tia^trsm i, ulaki, wbiT* s < onrst is slat ktuid, 
and into which w h itsoei* r is carried down fri ni th se moUiitiinH must have b« en dt- 
posihd Ihi Rhine gnea morn gold neai ^ buig than iu*r Basle though the 
iaftti be miuli cl » i to the mount uiis Ihe an ’ I the l>innle do not contain n 
gtain ifgoUl wh h this liver luns in i inonntaiuouH r gion Ihii s tiomthc frorituia 
of tlu hishopi ick )f Passnii to I lit t I n 1 ut its s in is 1 < ci nu i 1 1 * loua in thi | liiiiia 
Ixi w Ih same thing is tin I tic Lm , tlu x Is I tl i i pjwr portion of tins 
ri\«r isitfiiwsan u g ihi m >uumi s d 8t> na* m \ U logiM lutfioiuits ntriiue 
into the pliin at v ui 1 11 1 s n iictmre in tlu I>unulu,iLa sands become aunic i oua. 
and lie i Mil r h enough to be w h d with profit. 

lla ^natcr part of the aniiferous aandSyiD T urope, \sia, Africa and America, ore 
Hack or t*d and < oiiaequcntly ferruginous, a uuiuil ihl« circumstu u in the gtolo- 
e) d p Hiimn cf dluTial gold h! Nipiotu snpp s 8 that tlu ^ lid these luru- 
j IS r a 111 dll to tic h con pisitioiiof niirifn isiyi'iti^ 1 h< luidiioussund 
ui ring in Hungary ilmost always in the luigll mu I KMlottlu In ds ot /u/mtes and 
ihe pefnfiad wood cemnd with gold giains found 1 ured at a depth of y irds in 
tiv m the mine of \oiospatik neat AbrabauM in 1 ransylvama, might lead us to 
, 1 hiinu that tl 1 <icb of the formation of the nuiifcrous ulluvia is not rem )tc* from 
that of the lignU s 1 In sin c iissociitionof gold otc und fossil wood orenis in South 

Aiuerici at Mnc Ntar tlu villigi of 1 1 ro have been discovend at a Icpth of iO 

het, 1 rgc (riiiiks of pittih d tiics suirounded with fii^uuntsof ti ip rocks inter- 
spitti I with i>\ mglc f id and plutiiiuiii But the alluvi 1 m i1 nftnids likewise nil 
the dnruurs f tlu ) isuitu r iks, thus in Iraiioc, the (i/e und the (»srdon, onii- 
tcrous riMis wb h ilui iflord most gold, flow over ground apparently derived fiom 
tlu flesi ruction of tlu ti ip re cks which oceui in situ highei up the country 1 his fact 
bed htruek Hi luiiiut and tl is celebrited ohnner b id rcinatkid that the sand which 
tiiorc iinnud ntel} acconipamcs tlu gold spangKs m most risers, and particularly in 
the Rhone and the Rl iiu is eomposed, like tint of Teflon ind l.xpailly of black prot- 
oxide e t iron nnd small giains of rub cs, corniiclum byue inth &c S it iniiini Ins be eii 
observed moie recently It has, lastly, been rcmaikcd that the gold oi ulluvial ioini- 
utioiis IS puier than that extneted fioin rocks’* 

hpaiii anciently possessed mines of gold in regular veins, especially in the provinco 
of Asturias, but the ruhness of the American mines canscel them to be negheted 
Julius Caesar is said to have lail his enennous debts, and have added largely to the 
Roman tre usury, from the wealth which he dciivedfrom the bpanish mines *lho 
Tigtis, and some othe r streams of that country, were said to roll over golden sands 
France contains no workable gold mines , but it presents lu several of its rivers auri- 
fcruiis sands '11 k re are seme gold mines m Piedmont, particularly the veins cf 
auriforour pyrites of Maeugnagna, at (he foot of Monte Uosu, lying in a mountain of 
gneiss anel alihongh they do not contam 10 or 11 grams of gold in a hundred weight, 
they have long di fiay« d ilu ex i nsc ot working them On the southern aleipe of the 
Petimnc Alps, from the simpl i and Monte Rosa to the valley of Aoste, several auri 
fe rolls d stricts and rivers ocr ur *such are the torrent 1 venson, which has afiWrde d 
much gold by washing , the Oreo, in its passage fiom the Pont to the Po the reddish 
grounds over whuh this little nver runs for scveial miles, and the hills in the neigh- 
bourhood of C hivasso, contain gold spsngks in considerable e{uaotify 

In the county of V^icklow, in Ireland, in the year 1706, some fine specimens of 
gold were found,— one mass weighing twenty two ounces The gold is round in the 
de bris of the valley at the h ise of Croghan Kinsbela , and it would appear to be derived 
fr( m the granite of that mountain, or the bomblcDiiie greenstones by which it is tra- 
versed Messrs Weaver and Mills, however, prosecuted extensive mine workings in 
search of the source of the gold without any success As we have already siated» 
the pyrites of Wicklow contain gold, but no auriferous veins have been discovered. 
In Cornwall gold has bee n found in the tin streams of Camon vale, and some few 
other spots, and some of the qtigrts veins traversing the slate- have been found 
to contain gold Many of the gomans of the copper 1 Ses are known to have gold 
in them , but it is only in a row rare mstanees that the preciooa metal has been 
separated 

In Devonshire, near North Molton, at the Britannia mine, gold has been found in 
small quantities, associated with the minerals of the distnct , but it has never paid the 
coat of obtaining it. In Scotland also gold has been fonod. Pennant says ; In ^e 
reigns of James IV and V of Scotland, vast wealth was procured m the Lead Hills, 
VoL II. K K 
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fiom the gold wAklud fum tlic mountuinit , in the reign of tbi latter not less than the 
%tilui of JOOUOO/ at I ling * M'c an told that in another locality a piece of gold 
wiighing thirty oudcib was found , but we cannot lind unv good nuthoiit> for tbia 
ftiteii int 

In ^orth lit a tin old r slit} rot la an aiiiiferous Profiaaor Ramsay has 
( xain lilt d and ties i ltd tlit distiict and is|iriallv the niiiienl and quart/ xeinsof 
( will tistii ISO f and Dtd y fnn^nog which et ritain gol 1 At (lOgofau iiotfii trom 
Llundovciy the Uoniiiiih woikitlltr gold the renia ns of then workings b mg still 
to be distort lid llit^ huvt been d sirihed by Mi M iiiiigtoii Sm^th lu the 
Mt molts of the (icolo^u il Surety At the eud of this aiticlt a piper tIe\oud to the 
Hritihli gold iiiinib and stitniiis will It found 

1 hen arc auiif roiissai ds in •sotne rivets of Switreilan 1 as thi Kcuss a d the Aar 
111 Ciinnaiiy no mine of gold is woikid except in the Uriitory oi Salzburg amid the 
elmin of niountaink whith sepiiute the lyiol ind ( arnithia 

I he iiiimsof lliingiiy ml I runsyUanii are the only g dd ninusof my inipr riant e 
in } iirop , tiny are it in ii kahle ioi iht it pobition the peciiliai tuetils tint aeooin 
pa Y tliini uiii then |iodiie( estimated at about UK) p muds uioi id uiiiiiially Hit 
priiieipal ones are m lluiigui> 1 those of konigsUig tin native gold is di st 
mum t 1 111 < ns of 6ul]huut ot silvei which ottur m sni dl masses an 1 in vtiiis m a 
dteonipobing ft Ispai lotk iinid a eoiigloiiiei it of puiiiict constituting i |t)ilion >t 
til triehitie tnninlioii J thost of Itoisoi Seheiimitr and of lelsobiti^a oiis 
als)ol uiiiif r ms snl| hnret ot silvei teeui iii veins of sieiiite and giecnstone por 
pbyry , 4 tliose of relkthuua to the south of Kasehau aie lu a deposit oi auriitious 
pyrites amid ii ip itKks of In iiiosi neent formation 

In Irinsylvunia the gold occurs m veins oAen of gnat magnitude Th se veins 
have no side platis or wall stones but abut, without intermidiau gangues. the pi inn- 
tivt itick J lu Y con-ist of d composing quartz ferriftious limestone « heavy spar, 
flu ir spill and siilphureC of silver Ihc iniiu of Kapnik deserves notice, where the 
gold IS asstieiuttd with oipiment, and that of Voroapatak in granite roeks, those of 
Ofleiibmyu, Zalitna and Nagy-Ag where it is associated with tellurium Ihe last 
is m sitiiitie rock on the limits of the trachyte 

In Sweden, the mine of Ldcltors in bmoland mi} be mentioned, where the gold 
occurs native ind in auriferous pyrites , the veius are a brown quartz, in a mountain 
oi foliatid hoi list one 

la Sibeiia, nafive gold occurs in a hoinstono at Selilangenberg or Zmeof, and at 
Zineino girsk iii the Altai iiioiiutains accompanied with iiiaiiy other oies 

Ihe g lid mine of Btiesovsk in the Ural mountains has been long known consist- 
ing ot pittUally deiompofted anuftroua pyriten^ disseminated m a vein of greasy q lartr 
This IS, according to Muiohison, **the only work at whieh subterranean mining in the 
solid lock IB still practised, there tlie shaft traverses a mass oi apparently metamor- 
phosed and er}stalline matrix called ^berenite* resembling a decomposed granite with 
veins of quarts, in which some gold* is disseminated ” About 1820, a very rich deposit 
of native gold was disooveiid on the eastern side of the Ural mountains, disseminated 
at roniejaids deep in an aigillaceous loam, and accompanied with the dibris of 
rocks which usually compose the auriferous alluviiil soils, as greenstone, serpentine, 
protoxide of iron, corundum, &c The rivers of this distiict possess auriferous 
sands 

At the Soimanofsk mines, soiitli of Miask, great piles of ancient drift or gravtl 
having been removed for the extraction of gold, the eroded edges of highly inclined 
crvBtalline limestones have been exposed, which, from being much nearei the centre 
of the ciiain than the above, are probabl} of bilurian or U^vonian age It is fiom 
the adjacen^niptive serpentinous masses and alhty rocks b that the gold shingle c 
(usually auriferous near the surface of the abraded rock a) has been denved 



The tops of the highl}r inclined beds a are in fhet rounded o£P, and the interstices 
between them worn into holes and carities, as if by very powerflil aetion 
Row here, as at Beresovsk, mammoth remains have been found. They were loa£m 
in the lowest part of the excavation, at the spot marked m, and at about fifty 
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beneath the original sarfaco of overlying ooarte gravel r, before it wee removed by tlie 
vrorknien fioiii the vacant Rpace under the dotted line. The Ibeble influence of 
the streams ( a) which now flow, in citcavjiting < vcn the loose shingle is seen at 
the spot marked o. tho lK>d of the rivulet bavin c been lowered by Aicfnai* labour 
from Its natural level o to that mark'd m for thi. ooovenicnoe of the diggers. — 
Alurthtimn. 

It vas from the infillings of one of the grave**' 'b^pressloiiH luMwe^m tbem* eleva- 
tions, south of Miaak, that the 1 irf'esf liiiiip of sulni gold aas f >uiid, ot which »t that 
time (1824) there w t<i any record This **pepiia ueighs uinetv six pounds troy, 
aol is still exhihiicd id the museum <if the Imperial School ol Mints at St. IVrent- 
hui ff. 

The tjuintity ol ,*old raised ui IliiVHia during fi\» >ears bav a*. ♦‘oIIowh — 


1847 - - 1700 poods. 

181'' l<* d « 

IMr i:)30 „ 

18 id 14*10 „ 

i:i«o „ 

riilG 


htinal to about 206,032 lbs troy In five years. — Lectures on (told^ R Hunt 
The total production ot gold in llussia haa of late >ears been as lollous ; 



(/’ i/, Eastetn and Western Sdieria,) 



Goeernnitiit Mluet. 

Privato Mines. 

Total. 

1860 - 

1861 - 

1862 - 

os. 

111,984 

105,959 

- 102,857 

665”986 

643,1.59 

840,885 

OB. 

767,870 

749,118 

752,742 

1847 (the year of maximum production) - 
1852 (the >ear of nimimum production) • 


os. 

961,616 

72l>,320 


The largest single production in 1860 was fVom the Aurora Stream Works on the 
(Jjne river, in the Jtuesei district, belonging to Messrs. Rjasonow & Co.| 54,t>20 ounces, 
loM Or tuTs O' ^ PO' ounce, value 203,925/. lOt. 

In 1823 the sands washed in the Beresof district yielded 
lh6l ,, H „ „ 

1828 „ Uogalousk (N. Uial.) 

1830 r* n 

1860 „ „ H 

1861 (first half year) „ Mljaak „ „ 

The force employed w is in I8»*ii ; — 

Men. Women. 

W. and £. Siberia - - - 31,796 919 

Ural 20,352 2,181 

Total 52,148 3,100 

The average payments for royalties in the private mines is 7 per cent 
In Erman's ** Archives*' we find that in the year 1851, the gold of the Urallan 
washing and amalgamation works produced 332 poods ; the Nertschinsk works, 67 
poods; the remaining West and Eaet Siberian washings, 1 107 poods; the produce of the 
Altai Mountains and of Nrrtsohioik Siberian works, 39 poods ; making 1546 po^s. 

In Asia, and especially in its soutbem districts, there are many mines, atiesma, 
rivers, and wastes whieh contain this metal. The Paotolus, a small river of Lydia, 
rolled over such golden sands, tbit U was supposed to constitate tHe origin of the 
wealth of Craens. But tbpse deposits are now poor and lorgotten. Japan, Fommsa, 
Ceylon, Java, Sumatra, Borneo, the FbiliBpioes,and some o&er lalanda of the Indian 
Archipelago, are rich in goldatveams. Thcee of Borneo areworked by the Chiineiefai 
an alluvial soil on the western aoaet, at the foot of a chain of vdaanic auniiitains. 

Little or no gold eomee into Europe tram Asisi, because its servile inhahitaBts plaos 
their fortune in treasnre, and love to board up that precious metsL 
Bumereas gold mines ooenr on the two slopes of tbe ohaln of the Cailas mountains 

E K 2 


dvti. gn. 

2 5*6 per ton. 
0 81 „ 

1 „ 
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in the Oondi^s, a province of Little Thibet ^lie gold lies in quarts veins ivhioh tra- 
verse a \ery oniiiibling reddish gianitc. 

AfVira wus, aith Spam, the soiiicc of the greater portion of the gold possessed by 
the iincientii. The gold whiih Africa still brings into the market is always in dust, 
shoeing that the metal w obtained by woshing the alluvial soils. None of it is col- 
lected in the north of that continent t three or four districts only are rcmaikable for 
the quantify of gold they produce. 

The first iniiies are those of Kordofan, between Darfour and Abyssinia The 
negroes transport the gold in quills of the ostrich or vulture These mines seem to 
have been known to the am lents, aho considered Ethiopia to abound in gold. Hero- 
dotus relates that the king of that country exhibited to the ambassadors of ('anibysis 
all their prisoners hound with golden chains 

The second and chuf exploitation of gold dust is to the south of the great desert of 
Zflara, in the western part of A frica, from the mouth of the Senegal to the Cape of 
Palms The gold occurs in spangles chiefly near the surface of the earth, in the beds 
of rivulets, and always in a ferruginous earth. In some places the negroes dig pits 
in the soil to a depth of about 40 fiet, unsupported by any props they do not follow 
any vein ; nor do they construct a gallery ; but by repeatid washings they sipurait the 
golfl fVoin the earthy matUrs. 

The same district furnishes also the greater part of what is carried to Morocco, Fcr, 
and Algiers, by the caravans which go from Timbuctoo on the Niger, across the gnat 
desert of Zoaia. The gold which ariives by Sennuar at Cairo and Alcxiindria coine«i 
fVom the same quarter From Mungo Park’s description, it appears that the gold 
spangles are found usunll} in a feiruginous small gravel, huiied undtr rolled pebbles 
I'he third split iii Africa where gold is collected is on the south-east coast, between 
the twenty-fifth and the twenty-second degree of south latitude, opposite to Mada- 
gascar, in the country of Sofala. Some peisons think that this was the kingdom of 
Ojiliir, whence Solomon obtained Ins gold 

Dui ing the last, and the commencement of the present century, the richest goM 
mines weic found m South America. It occuis there principally in spangles among 
the itliuvinl earths, and in the beds of rivers, more rarely in veins. 

The gold of Mixico is in a great measure contained in the argentiferous veins, so 
niiimrous in that country, whose principal localitiis are mentionid under the article 
SiLvi< n The siU er of the argentiferous oris of Guanaxuato contains one 3G0th ot its 
wcMght of gold ; the annual product of the mines being valued at from 2640 to 3300 
pounds avoirdupois. 

Oaxnco contains the only auriferous veins explored as gold mines in Mexico ; they 
traverse the rocks of gneiss and mica slate. 

All the riveis of the province of Caracasi to ten degrees north of the line, flow over 
golden sands. 

Peru ib not neb in gold ores. In the provinces of Huailas and Pataz, this metal is 
mined in veins of greasy quarts, variegat^ with red ferruginous spots, which traverse 
primitive rocks. The mines called pacot de oro, consist of ores of iron and copper 
oxides, containing a great quantity of gold. 

All the gold famished by New Grenada (New Colombia) is the product of wash- 
ings established in alluvial grounds. The gold exists m spangles and m grams, dis- 
seminated among fragments of greenstone and porphyry. At Choco, along with the 
gold and platinum, hyacinths, zircons, and titanium occur. There has been found, as 
already stated, in the auriferous locabties, largo tninks of petrified trcea The gold 
of Antiotjuia is 20 carats fine, that of Choco 21, and the lar^'st lump or pepxtaot gold 
weighed about 27} pounds avoirdapois. The gold of Chili also occurs in alluvial 
formationj^k 

Brazil Ml not contain any gold mine, properly so called ; for the veins containing 
the metal are seldom worked. Dr. Walsh says gold was first known to exist in the 
Brazils in 1543. The ludians made their fishing-hooks of it, and from them it was 
discovered that it was found in the beds of streams, brought down from the mountains. 
But the first ore found by a white mao in that country was in the year 1693 j this 
discovery led to the colonisation of the Minas Oeraes, and to all Uiose evils resulting 
from ** the cursed lust of gold,*’ with detmls of which the history of South America 
abounds. 

It is in the sands of the Mandi. a branch of the Rio-Dolce, at Catapreta, that the 
auriferous ferruginous sands were first discover^ in 1682. Since then they have 
been found almost everywhere at the foot of the immense chain of mountaioSi ithich 
runs nearly parallel with the coast, from the 6th degree south to ^e 80tb. It is par- 
ticularly near Villa Rica, in the environs of the village Cockea, that the nnmerous 
w ashings for gold are established. The pepiUu ocent in different forms^ often adhering 
tu miou'oons specular iron But in the province of Minas Gerkei, Ae gold poems 
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nlM> in Teins, in beds, tnd in graini, diMeminated among tbo allurial kmmi. It haa 
boon eatimatod in annual product, by acveial aotbora, at about 8000 pouada aroir* 
dupoia of fine metal. 

Almost all the gold formerly brought into the market waa from alluvial lands, and 
bad been extracted by waabing; now numcroua veins of aortferoua quarts are 
vrorked. 

Californian Gold A/isei.— The accident which firnt revealed the golden treasures 
of the Boil of California, is thus i elated b\ a writer lu the Quarterly Itvview, for Kep- 
teiiiber, 1852. Captnin Sutcr, the fintt while man wbo had eatablisbi d himself in the 
district where the Americanos Joins the Sacramento, having erected a saw mill on the 
former river, whose tail race turned out to be too narrow, look out the wIkwI, and 1 d 
the w .Iter run freely off. A great hmly of earth h is ing be« n carried away !>} the 
till 11 lit. laid haie ninii) shiniug yellow spangles, and on exatninalioii Mr. Marahull. 
hiH surveyor, pukidup several liuk lumps of gold. He and Captain Suter then 
coninienot d a boarch together, and gathered an ounce of the ore from the sand without 
HO) diilieulty ; and with hls kuife the captain picked out a lump of an ounce and a 
bait from the rock A Kentuckian workman employed at the nnll had i^spied their 
h It poKorl Necna discovery, and when .ifter a abort absence (he goiiileiiien reiiiixied. be 
howtd tlu'iu a handful of the glittering dust. Tin cuptain hired a gang of fifty 
Indians, and set them to work. The news spread, but the announcement of the dis- 
covery sms received with incredulity hey ond the immediate neighbourhood. Hut 
I T( H4 n*ls, when large and continuous imports of gold from San Francisco placed the 
p4att4.i heyood doubt, thcie ensued such a stir in the States, aa even in that go-ahead 
region is wholly wuhout parallel, numbeiw of every age and of every variety of 
occiipatioti pushed for the land of promise. Many were accompanied by 1 heir families, 
and most under the excitement of the hour overlooked their physical iinfitneas, and 
their Inability to prixvirc necessaries. The waters of the Humboldt, from their head 
to their ** sink,** a space of nearly 300 miles, are in the dry season atrougly impreg- 
nated w ith alkali . and it w as hen* that they first began to faint Some died from thirst, 
others from ague, others fell beneath the burdens they attempted to carry when their 
laat animal dropped into the putr d marsh, which grew thicker at every step. Beyond 
the “ sink ” the diminished bands had to encounter sixty or seventy miles of desert, 
where not a blade of heTbag< gr«.w, and not a drop of pure water could be procured ; 
and those who pushed safely through this ordeal had Btill to ascend the icy slopes of 
Sierra Nevada, when the rigours of winter were added to all other difficulties. At 
different points, one being almost in sight of the golden land, overwearied groups had 
formed encampments in case i^crhaps some help might reach them. It is to the 
credit of the settlors that on hearing this, they strained their resources to the utmost 
to afford relief. Yet, when all was done, a sick, destitute, most wretched horde of 
Blvagglers, was all that remained of the multitude, who, fhll of hope and spirits, had 
cummenc^ the prairie journey. 

The development of the gold fields of California has been so remarkable, that it 
appears necewaty to devote some space to a consideration of the conditions under 
which the auriferous treasures are discovered. This cannot be better done than by 
quoting Professor Blake's remarks on the ** Geognosy of the gold drift of Calitomia.^ 

With the esce|»tion of the diluvial strata, the whole geological formation of the 
Siena range consists of igneouv aud metamorphte rocks ; the former are mostly por- 
phyritic in the lower hills, whilst higher up trachytic rocks are more frequently met 
with. The metamorphic rocks consist of micaceous schists, slates both taloose and 
micaceous, metamorphic sandstones and limeitiMf, With occasional beds of conglo- 
merate. The stratified rocks have been mock ^Ipplared: it is rare to flud them with 
a dip of leia than 70 S and they are generally vary nearly perpendicular. The strike 
of the beds in that section to which Professor Blake’s observations have been confined 
(between the Stanislaus and Yuba rivers) is extremely uniform, being from 5** to 10^ 
W. of N. and E. of S. The extent of the diluvial deposits is oommensurated, or 
nearly so, with that of the gold-hearing region, in that part of the country which hd 
has examined. They are found in a belt of land from thirty to sixty miles broad, 
and running parallel with the axis of the range; and, from facts that he has ascer- 
tained from others, he states that he has no doubt hot that they exist tbrongbont all 
the gold-bearing region, both north and south. These dilttvisl deposits are met with 
as we advance towards the lower hills of the Siena, extt^ndiag ft^nently some 
into the plain. On ascending from the lower hills towsrds the monntains, the diluvial 
beds no longer occupy the eeme relative position : oecuionaUy depositc of roundad 

stonee can he found in the viUeye and on the sides of the hills, but when thid is thd 
case, their origin can alwiqrs hi traced to deposits existing on the tops of the sans 
rounding hills, from which they have been brought down by the action^ the oaoies 
now at work. As we aseend towards the axis of the chain, these deporiti beeoM 
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more exteiuivei and at a distance of twenty or thirty miles fVom the lower hills, they 
art* found occupying the crests of almost all the highest ridges in the country , hut 
besides being found on the crests Of the ridges, where their extent frequently does 
not exceed a few yards in breadth, they are also met with covenng the extensive 
ele\ated flats which exist on the benches between the different watercourses, forming 
continuous beds of some miles in extent, which are raicly interrupted by the pro- 
trusion of any of the older rocks. 'Where found in elevated situations, the lower bills 
ond valleys are entirely free from them , frequently a large section of the country 
will be enclosed from two high ridges cap|)ed by depfisits, and diverging from a 
common point, in the intervening space will be seen many sicondary ridges, some- 
times fifteen or eighteen hundred feet high, formed entirely of the older rocks, no 
traces of deposits biing found on their surface, nor in the ra\ ines that lead fiv>m them 

The depth of these deposits is extremely variable Sometimes nothing more than 
a tiace of them in the presence of a few round pebbles lying on the top of a ridge is 
found ; tne valleys and ravines in the neighbourhood containing their disintegrated 
elements in considerable quantities In other instances, particularly where spread 
out over the elevated flats, they arc of a moderate and pretty uniform thickness for a 
consideiable distance, varying from two to three feet to a few inches, and this, too, 
in pobitions whete the ai^ace could not have been exposed to any great amount of 
denudation They are again found many hundred feet in thickness, composed of 
superimposed strata of different mineralogical constitution, geniralJy horizontal and 
confoimable with each other 

The localities a here the deposits are met with most extensively disclosed, and that 
have been woiked, arc at Nevada and at Mokelumne hill At the foiiiicr place the> 
form the crest of a high mountain called the Sugar-loaf, full 2,0(10 feet above the 
level of Deer Creek the upper OOU feet being formed entiiel} of diluvial strata. At 
Mokelumne hill they are dso 200 feet deep, fomiiug here albo the bummit of a high 
and isolated mountain The elements of which they arc composed differ considerably 
in diflercut localities, although there are thioiigb the whole senes many points of 
resemblance In the lower valkys and flats between the ranges of the louer hills, 
they appear to consist of beds of gravel, containing occasional bouldcis of quartz aud 
the hai^er rocks On the elevated flats highir up in the mountains, the surface of 
these deposits is generally covered by a leddish loam, mixed with small giavel, 
whilst repobing on the bed rock, and a lew inches above it, is 4bwad a stratum 
contaming large boulders and gravel, the boulders being prmoipdly quarts On 
the tops of the hills and the crests of the ndges, where they genesally attain their 
greatest thickniss, we fiud them composed ^ many distinct strata lying neaily 
horizontal and conformable with each other, and generally also with the surface ot 
the underlying rocks. In these situations the most superficial stratum is composed 
of a moss of extremely hard conglomerate, containing principally trachytio rocks, 
imbedded in a hard armllaceous oemcot It is this hard stratum that has undoubtedly 
preserved the uoderlyioig beds fhmi the destructive influence which has so powei^ly 
acted on the surrounding rooks. 

At other points the whole senes consists of oonglomerates and soft friable sandstone. 
In the lower strstn, qoartsose con^omentes, with an argillaceous cement, or loose 
quartzose gravel, always prevails, with large boulders of quarts, weighing frequently 
two or three tons, having their surface worn smooth and the auglet rounded. The 
deposits of the heavier n^s have been formed on spots which were evidently lower 
than the level of the surrounding rocks , whilst on toose parts which were higher at 
the time the deposits weie formed, the higher tniehytio rocks are found. As far as 
Professor Blakim researches have extended, the note quartsoee conglomerates have 
been invai|^iy round on the erupted recks, whilst the stratified rocks which they 
had uphe^^ were only covered by the trachytio conglomerates The pebbles of 
which these conglomerates are composed present specimens of all the harder rocks . 
metamorphie sandstones, clmkstone, trap porphyries, and quarts, make np the larger 
part of the mass They are ail perfectly rounded, but in the lower deposits are so 
soft that, with the exception of the trap and quarts, they generally fall to pieces on 
exposure to the air. The strata, as before obsetvedi are nearly horisonUl and con- 
fonnable . if they hare anj dip, it appears to have bifen owing to the slope of the 
surfaoe of the ro^ on whieh they were deposited i in feet, no displaoement seems to 
have taken place in this country since the Ume of their formation. They lie perfeotly 
honsontal over the almost vertical edges of the npheaved slate roeke 

As regards the mia«nd riches of these deposits, it wohI4 appear that gold fe found 
wherever they exfoi The ravlnee ooming feom the ri^gee on which they m fowd 
are generally eatremely rich, and qlwnya contain gohi, even in nlaeefi wheif the 
nepoidu themselves have been worfopd without snceess. In eome piboes where they 
nave been worked, as much os thirty thousand dollars have hean taken team a daini 
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fifteen feet equare; and there are many inetanoee wbflM ten and fifteen thousand 
dollars have been taken from claims of the same siie. Bat fbw of these rich spots 
have, up to the present time, been opened, yet there oaa be no doubt but that 
many still remain to be discovered. Where the deposits are found cstending over 
a large surface on the elevated flats, gold is always met with* generally diffused through 
the gravel immediately above the rock on which tbev rest 

Australian Odd Mmes . — The discovery of the great gold field in Australia to the 
westward of Bathurst, about 150 miles flrom Sydney, was oflieially made known in 
(treat Britain, by a despatch fVom Sir G. A. Fitzroy to Earl Grey, on the 18th Sep- 
tember, 1851 , many persons with a tm dish having obtained from one to two ounoee per 
day On the 25th of May, he writes that limms lin re been obtained vai ying in weight 
from one ounce to four pounds. Ou the 29th of May, he w rites ftiat gold has been found 
ill abundance, that people of every class are proceeding to the locality, that the field is 
rifh, and from the geological formation of the country, of immense area. By assay 
the gold is found to eonm of u 1 *1 of that metal and about 8\338 of silver, with a little 
base metal ; or of 23 carats in fineness. July 17th, a mass of gold weighing 1 06 pounds 
wn<i found imbedded in the quarts matrix, about 53 inilts from Bathurst ; and much 
mori, jiistj}} liiy the anticipations formed of the vast richness and extent of the gold 
fudd iu this colony. This ma^ifleent treasure, t)i« property of Dr. Kerr, surpassed 
the largest mass found in California, which was 28 i>ounds; and that in Russia, which 
M .is 70 p<mnda, now in the museum at St Petersburg. One party of six persons got 
It the same time 400/. in ten days by means of a quicksilver machine ; and a party of 
throe, who Wire unsuccessfol for seven days, obtained in five days more than 200 

OllMOCS 

Nuineroua clainis have been iiiado by persons who have thought that they had 
gi\t‘n the first iudioationb of gold in Australia. To Sir Koderick Murchison is, how- 
ever, due the merit of pointing out that gold might probably be found m Australia, 
long before it wab known in Europe that gold existed in that important colony. Sir 
Koderick Muichibun thus gives the facts : — *MIaving m the year 1844 recently 
returned from the auriferous Ural mouutains, 1 bad the advantage of exaiiiiniug the 
numerous specimens collected by my friend Count Strzelecki along the eastern chum 
of Australia. *^*eing the great similarity of the rocks of those two distant countries 
1 could have littre difficulty in drawing a parallel between them ) in doing which ) 
was naturally struck by the circumstance that no gold had yet been found in the 
Australian range, which I termed in anticipation the * Cordillera,* impressed with 
the conviction that gold would, sooner or later, be found in the great British Colony. 
1 learnt in 1846 with satisfaction that a specimen of the ore bad been discovered. 1 
thereupon encouraged the unemployed miners of Cornwall to emigrate, and dig for 
gold as they dug for tin in the gravel of thoir own district. These notices were, as fur 
as I know, the first printed documents relating to Australian gold.’* 

August 25th, 185 1, Lieutenant-Governor C. J. Latrobe announced to Earl Gri'y from 
Melbourne, the discovery of large deposits of gold in that district of the colimy. lu a 
second Parliamentary blue book, issued February 3, 1852, it is stated that 79,340 ounces 
of gold, worth 257,855/ 7«„ had been previously forwarded to EngUiid; and that the gold 
fields of the colony of Victoria ri\al, if they do not exceed in value, the first disi'overed 
gold fields of New South VVale^ , the total value being then 300»000(. ; and but a little 
time afterwards about half a million sterling. Mr. E. Hargraves, commissioner for 
(''rown lands, announced from Batliurst, that no part of California which he bad seen 
has produced gold so generally and to such an extent as SummerhiU Creek, the Turon 
Uivor, and its tributaries. 

For the purpose of conveying a correct idea of the conditions under which the 
greatest quantity of the Australian gold occurs, three plans have been selected from 
different districts. The first of these 920) represents a longitudinal section 
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along the course of the west q^rte vein in the Clunes gold-mining field. We hgTl 
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]i re os indicated by the darker portions of the Mood cut, the quartr vein shown in 
section, with the shafts sunk, and the levels driven upon it The lighter poitioi s of 
the figure n sting on the quaitsose roek is an auriferous drift , and on the left of the 
section the great basaltie formation is shoitn 
1 tg 0^1 IS a scetion of a portion of the Ballarat gold field It is an east and west 
section from the Bed Streak lead across Post office llill White Hat, the township of 
Ballarat West, and the quarts leef west of the township, and it shows the auriferous 
drift, schist, quartz, and basalt formations of the district 



1 1 111 to \ n r f Hallariit I ukt 

2 1 he mail road 

i llii Kel Strtak l< ul 
4 riie rri* k 

A Old Po t offle Hilt with quartr rref 
( I) imlt emarpment south of Gold i 1 oi it 
7 M I Iti fl It ro I lit auriferous alluv ul d fiosit 
M Yarrowc.e ( rei k 

it iiid U ar« two shafts sunk Into the anc ent auri- 


ferous alluvi d dipisit 
10 1 hr OrivH PiU lead 
12 Qii irts rtef bo>ond the town of Ballarat West 
shown in thr drawing 

B is the remains of a lava itreim IntcrruiUd bj 
the schist and clay ilatr lulls 
D D is the gravel strata whli h InVirtably lists on 
tht sfdr of the schist hills which surround 
the Ballarat basin 


In those two seettons we have, therefore, all the conditions shown of the procesbes 
oi mining on the quartz lodes and m the alluvial deposits 

Jig 922 18 a section ft ora the 
Boroondara and BuUeen gold 
mints, a few miles from the ca 
pital of Victoria It is the eabt 
and west section of the Cailton 
1 st lie quaiu lecf, and is mainlv 
gi\cn to illustrate the unskilful 
aud dangi rous condition of many 
of the workings undertaken hy 
me n who h e no experience in 
subterranean operations 1 he 
shaft, if such it can be called, is 
about 40 feet deep , and the reef 
dips with the solid strata at an 
angle of about 60 degrees to the 
horizon 

The wall of the shaft at a is 
not supported on the footwall by 
props and proper timbenng, 
which it should be, as indicated 
by B b E The Windlass at r and the frame-work at i> are both exceedingly insecure 
This 18 the mode of proceeding in a very important working, where almost every 
piece of quartz broken out contains gold, and also antimony and iron At the point F 
the quartz reef was exceedingly rich, and there it branehes off into small strings, 
yielding 22 ounces of gold to the ton. 

It 18 not necessar) here to trace the progress of gold-mining in this colony. The 
quantity of gold discovered and exported has been enormous Some eioeedingiy 
large ** nuggets*’ have been found, one in Forest Creek, weighing 27 lbs 6 os ISdwts. 
and the >^elcome Nugget, weighing 2217 os 16 dwts 
7 he GoU-FtMs ^BriUeh Cdendna — That the anrifbrona deposits of this 
region are spread over a considerable scope of country is apparent tpm the fact 
that paying diggings have already been nrand on the Fraser River^ extendmg 
from Fort Hope almost to Fort Alexander, a oontinuons distance of nearly 400 
miles Among the tributaries of this stream, Thompson and Bridge Riveis ^ 
known to be auriferous Liule or no search has been made as yet Ihr dlift 
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digf^ingR or quartz, tlioug'i there are abundant mdicatioof that both, of a paying 
clidracter, exist Tine ledges of quartz, in fact, present tliemselvet almost every- 
where, though DO thoroiigli ezammation has been made of tbehr quality. 'Ihe 
hanks ot Bridge River consuit of alternate strata of slate and quartz rock, the 
most favouiabl possible gtologtcdl formation for gold. I would venture, then, 
after having seen considerable ot the mines in this quarter, to express the confident 
opinion that they will prose sufficiently ext nsive, productive, and lasting^ to 
warrant a large immigration to this country in Iht tuisumg season, and that British 
Columbia is destined to become another great gold produmng legion, ranking next 
to California and Aostralu m the amount she will hereafU<r annually yield m this 
pi ( ( lous commodity. 

Such i« ii gincia^ view of the gold producing districts ot the woila 

The (toll oj Notih Bon s having acquired u large shaic ot atuntion, it has 
b CD thought desirable to insert tht iollowing notice from the pen of a gtntleman 
who has most industneuSly investigated the quart/ lodes ot Merionethshire 

Ihc cMstcnu 01 gold in the British Ishs was koiwn at a \cry remote period of 
lust >r\ uTid it IS certain that maii^ adventurers, lu crazy craft came to this countiy 
u Marc' I jm tallic wealth Julius Cmsu, piohably, invaded these islands more 
1(1 thi aiquiMtion oi supposed nehes than tb* conquest of a rude and baibaious 
]Kopli This opinion is strengthened, if not cunfiimed, by the expression ot 
<• il > u us, whilst attacking the Caledonians, ** Britain produces gold, silver, and other 
liitiais, the bootv of victory.”* 

A celebrated *‘'lriid” makes three Welsh chicfllalns the enviable possessors of 
toUen ca/s, and Mc 3 riek icosonably infers ftom this, that gold mines were worked 
by tiic Welsh (Cymii), at a veiy early period f 

The style of the golden weapons, torques, bracelets, &o, that have been found at 
various tnius is very simple, and quite unlike the style of ornamentation ot the early 
Chiistian period , it is therefore naturally inferred that they belonged to a time long 
anterior to that 

It 18 , however, certun tint the Romans actually discovered gold in Wales, and 
wrought It too for indcy ciulently of the statement of Tacitus, just quoted, there are 
evidences, plenty, oi Uonian mine-works where gold must have been the principal, 
it not the sole object ot exploration One of the most remarkable is Uogotau, 
in Caeriiiarthensbirc | This gold-mine is situate on the banks of the Cothy, and 
forms part of the grounds of Dolau-Cothy. Here a quaru-lode his been ** worked 
open to the day,” and levels driven 170 teet through the slate The office rs ot the 
(xeologioal Survey discovered gold here, and a metallurgical ww/uthop. Amongst 
other things a beautiful gold necklace was found, which is now in the possession of 
Mrs Johiines, the wife of the gentleman to whom the property belongs Other 
instances might be cited, in proof of the former existence of gold in tolerably large 
quantities in many parts of these islands § 

Strabo coincides with Tacitus, as to the precious metals but Cmsar makes no 
menUoD of gold and silver. Ciooro (d c 10b) says, *' In Britannia nihil esse audio 
neque auri neque argenti || and, in another epistle (ad attic) he saya, *' it waa well 
known that not a single gram of silver could be found in the island ” The statements 
of Cicero do not, howevtr tally with subsequent history, and aie contradicted by 
Camden and other modern authorities Probably there is not, and never was, gold 
and silver enough discovered in Britain to be, as Tacitus thought, ** the price of 
victory , ” yet the comparative scarcity of precious stones at the time would tend to 
preinduce a desire to possess in quantity the next best representatives of value, the 
precious and the baser metals 

Cimbolme, pnnee of the Trinobantes, had a coinage of gold. This waa aopposed 
to be made (tf British gold, obtained in Essex, but the Essex gold mine is exceedingly 
problematicakf 

An idea appears constantly to have prevailed that the gold of this country was 
by no means of insignificant quantity or value. The ** avarice of kings *' and the 
exigencies of State, as soon as possible, and as a matter of course, laid claim not only 
to all the gold and silver found, but to all tbe baser metals as well. These pretentions 
were, however, sabseqnently abandoned, and the crown was divested of all rights in 


• ** Fert BrllMnlA sunim st srgtntum et ■Its netolli pieUiigii victorbr , glgnlt et 
t«d lutnucA et llventli Tseltui, Vila Agrhjtmt cap* xr 
t f/Mtory m4 Am^uUtet uftke Com^ CunUganekii 
..t * on tha Gogoreuar Ogofm Miae, near runmant tn C 
4 qf ihe OcaftwieaT StirMy Um/ed kiwdm 
i dellfered lu the lIuMum ofrracu 

1 Sir John Pettui, Mfew Jt gutee 


IS10 

it In CaermartheniMra." 
f nS^al Geology. 


ooaanui margarlto 
ByW.W. amytb, 
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minerals, except gold and silver , these precions metals being retained, as it was said, 
**for the purposes of coinage, and to support the dignity of the crown”* That 
great legal authority, Sir Edward Coke, laid down the law, ** that veyns of gold and 
silver in the grounds of subjects belong to the king by his prerogative, for they are 
Jioyall mines,”! and the Justices and Barons in the “ Great Case of Mints ” (15G6) 
unanimously agreed,^ ** I hat, by the law, all mines of gold and silver within the 
lealm, whether in the lands of the queen or her subjects, belong to the queen by 
preiogative, with liberty to dig and carry it away ” And so hrmly was the preroga 
tiv( of the crown thus established, that it was agreed that a royal mine could not be 
se\ ered <h>m the crown , hut the judges overrukd this 1 he onlj doubt existing in 
th( time of Elirabeth was whether, if gold and siher were found intermixed witli 
the baser metals, the whole became a royal mine? 

Some contended that any quantity ot gold or silver so found was sufficient whilst 
others held the opinion that the gold and silver must exceed in value the othei 
lint iN , but the judges decided that even wheic the gold or silver in a mine of bua<* 
mctdls in, the land of a subject was of less value than the base metal, the mere c ircum 
stance oi its existence makes it a royal mine The uncirtainty of the law, on this 
dieibion, caused general distrust, and destrojed to a great extent this kind of 
enterprise, tbeietofc, in the first year of Willidm and Mary an act was passed 
(cap iO) wheicin it was declared that no mine of copper tin, iron or lead, shall 
hcridftei be ad)iidged a royal mine, although gold or silver might be extracted out of 
the «amc 'Ihis irovision, also, was soon consideitd insufhdcnt, and in the fifth 
year of William and Mary, an act was passed (c G ) entitled * An Act to pi event 
Disputes and Cuutn>v< rsiea concerning Aojul Mims,” wherein it was enacted, that 
all persons licing subiects of the eniwn of hinglaiid, oviniis ot mines within the 
kingdom of England dominion of Wales or Berwick upon Tweed, wherein thcic is 
coppei, tm iron or lead, may enjoy Ac the same, notwithstmdiug siid mines may 
be pretended, or claimed to be, royal mines But by the 2nd statute, the crown, or 
an} other person claiming lojal mines under the cioun has the option of purchasing 
said ores before removal, other than tin ore, m the counties of Cornwall and Devon, 
upon payment of a price fixed by the said act viz copper, 16/ , tm, 2/. , iron, 2/ 
and lead, 9/ per ton By the i5 Oeo III c 134, the right of preemption which is 
given to the crown, and those claiming under the ciown so far as relates to lead, 
can only be claimed upon payment of 2o/ per ton instead of 9/ as previously 
fixed 

From this it would aiipenr 1 That the right of preemption given to the crown is 
limited to copper, iron and lead, wheit soevei found, and to tin to be ibuud in England, 
other than m C'oriiwall and Devon, if such ores contain geld or siher 2 lhat the 
rights of the crown to all mines where gold and silver exist intermixed with any 
substance whatever othei than copper, iron, lead, or tin, remain unaffected by either 
of the statutes of William and Maiy 3 That the nghts of the subject to all 
mines of copper, lead, and tin, even if gold or silver is found therewith is confirmed 
by the said statutes, subject only to the nght of preemption just stated § But, if 
any other auriferous ones be discovered, it will be difficult to determine the respective 
rights of the crown and the subject to such a miue, unless the great case of mines 
should be adopted in favour of the crown Under any circuiDStances there is no 
provision mate for such a discovery, lodepeodently of this, the law is now settled, 
that puie gold and silver, wherever found, are the absolute property of the crown 
It IB, however, not a little remarkable, that the crown has no nght qf entry upon 
private lands to for its own , nor has it ever exercised its right of preemption 
as regards lead ore flhtaining silver But, sincf the gold discoveries in Wales in 
1854, the piAce of the office of Woods and Forests has been marly as follows, 

VIZ — 

l Where the gold is found in eomhmaUon with other metaln, the whole of which, 
with the necessary easements for working, are vested m the crown, the crown deals 

A- I i ^ ... 




3U/ per annum minimum rent, and one twelfth royalty on the gold. 

2 Where the m>ld is found in combination with the minerals specified in the acts 
of William and Mary, and which arc not vested in the crown) the crown ptqpeseo 

10 luoept'a royalty tn Afu of the nght of jpreemptitm, 

3 Where the gold is found In a virgin state, or secreted in rooks, and not In 
combinatioD with the ores and mmcrals specified in those acts, on Idnd whera the 

* i;inwd«!n aas nuck Cem 8tcphe0«*t edit ISSS, vol lU p 6ft6 
t/w.fi/1 itrntmmi 

11 Trl relaung to Minn, UiturtUt end Qumrkt tn Oteot litita/u and hekuu/ Vy ArWitel 

i H V Brentim, 10 U B 40. 
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mineral are not Tested in the crown— the crown reqaiiea the pdrUai to taki a Ucenw 
OH uaymtnt of a nominal annual rcnr, and a n^altff upon like radnA 
The Clogau and Cefh Coch ( Welsh gold) mines are present woihing under the 
fir&t regulation, at a royalty of one-twelfth, and rent of /tol There » no mine 
«)rkiiig under the second, nor is there likely to he, beSiuse the autfferoos lead ore 
« ill probably not be worth 251. a ton. and ane cts (blende) on private leads is now 
found to he aiinferoiis, which appears to be unaffect^ bv the Acts rtfbrred to. The 
Ciistell Cam Dochan mine, on the propt'riy of Sir Watkin W. Wynn^ Bart, is 
woiking under the third regulation. The proprietor takes his royalty of one-twelfth 
in kind, and the crown dem.indB and takes one-twe nty -fourth in value of the whole 
quantity raised. It is obvious, Uiot as a general rule, such terms aio far too burden- 
bonie to < iicoiiruge persons in ibis kind of adventure It Is thought that if the crown 
Mould couHent to impose a small annual renttl, and, say, a royalty of five per cent 
on the net ptofi*, it would he paid readily, explorations would be made to a larger 
extent hy private individuals, and the crown would be a gainer from lands, upon 
whit h it has now no right of entry to realize its own 

fu gohi has been said fin very doubtful evidence to exist in the following 

iountus: ' >/ , Cornwall, Devon, Somerset. Oloucester, Worcester, Salop, Bedford, 
Derby, C'hcHter. l^ancaater, Westmoreland, Cum herland, NorthumWlaud, Durham, 
and York. The tin streams of (Cornwall have yielded a little, and very small 
fjuiumu.^ hBM‘ been found in North Devon. 

Ju Srof/and. it has been found in the following counties: via., Sutherland, Aber- 
d(H*n, f'ifc, Perth, Stirling, Linlithgow, Lanark, DumfHes, Ayr, Selkirk, and 
Kirkcudbright, liauarksliiie la said by Pennant to have yielded 130,000 ounces. 

In belaud, the gold-bearing counties are liondonderry, Autrlm, Wicklow,^ 
Wexfonl, orid Kildare A nugget weighing 22 ounces was found in Wicklow, and 
Rdui to be the lurgest ever found in £arope.f 
lo IVci/c/t, the known gold- producing counties are Carnarvon, Flint, Cardigan, 
('aennuitlien, Pembroke, and Merionem. Until recently Cardiganshire, probably, 
has rendered more service to the State, and profit to the explorers by the production 
of gold than any other Welsh county, although Sir H. Middleton, whilst ostensibly 
working for siW in the time of Charles I. and his ** most loyal chemist and miner- 
alogist Thomas Bushell,” did not leave on record all their knowledge respecting 
Welsh gold and its associated minerals. X But within the last few years, Aferioncth- 
shire has taken golden honours, sufilcient, at least, to make them noteworthy. 
Hence an especial reference to the gold mines of that county. 

There are several claimants for the honour of having been the earliest of the 
Welsh gold-finders of later times. Mr. O'Niell, in 1B36, is said to have found it at 
('ac Mawr, and Mr. James Harvey, afterwards, at Berthllwyd. Captain Roberts 
bays be discovered it bciore either. But, undoubtedly, Mr. Arthur Dean must be 
allowed to take the lead. In 1843. Mr. Dean discovered some rioh gold ores at 
Cwniheisian, and boldly stated, in toe fkce of national disbelief, that ** a complete 
system of auriferous veins existed throughout the whole of the Snowdonian or 
Lower Silurian formations of North Wales.”! 

Mr. Dean, and alter him Mr. Clement, worked about 500 tons of the Cwmheisian 
minerals, and obtained at the rate of more than half an ounce of gold to the ton. 
I'he proprietor Mr. Bruin was unable to carry on the works, and then the gold 
(jiiestion slumbered until ten years afterwards, when, at the Clogau mine, a pile of 
** poor copper ore ** was found. This grass-grown reftise was carefully examined by 
Mr. J. C. Goodman of Dolgellcy, who discovered that it really contained less of 
copper than of gold. Some of the stones weighing several pounds, had gold 
disseminated throughout In oue beautiful specimen, now in the posseatioA of 
Mr» Readwin, there is the mark of a boring-iron, which has passed through the 
Rolid gold. Some of this ** poor copper ore ** was put to the test, and Mr. Goodman 
obtained 144 ozs. of gold from 100 lbs. weight A stone weighing 3 owt was 
ftom the lode, stsmpii^ and sold for 5s. per pound weight y 
Such novel and interesting facts as these naturally gave rise to the most extra- 
vagant expectations ss to the ultimate value of the discovery. The qttans-lodes of 
the district were indiscriminately attacked by the hammers of ardent gold-seekers, 

• 8«e “ Smyth, on the Mlnei of Wicklow.”— MlnvN>/r« Oeot, Sunreff Great JMtain* 
t ** BrlClih Gold, with stpedsl reference tu the Gold Mines of Mertoneihibire.” Bi R. Hunt. F.RJL 
Qtutrterla Journal of 8etmoe.\W0, ' * 

I TkeGoU Dueoaertee qf Mertometk. By T A. Readwin, F.G.S. ISSOi 

I Voitee resting the discovery of Gold Ores in Merionethshire, North Wales. By Arthur 
Dean, C. E. BrttM AtaoetaUm Heparttn IS4t. ' 

I ** On the Oceurrmce of Gold In MerKmethshlre.*' By T. A. Readwin, P.G.S. BrS. Amoo. Jttfortn 



508 


GOLD. 


The erowo got a email harveet bj granting gold-licenses, and a good deal of rash 
speculdtloD and loss was the necessary consequence. 

Much weight was attached to Sir Roderic Murchison's Australian prophecy, and 
that recorded opinion of bis, in the 5t/vrta, that **the most usual position of 
gold is in quartzose vein-stones that trarerse altered palsozoic states, frequently 
near their junction with eruptive rocks, whether of igneous or of aqueous origin.'* 
And it was a remarkable coincidence, that the gold at Clogau was found at the 
junction of the Cambrian sandstones, and the Lingula flags of the Lower Silurian rocks 
near an eruptive bar of porphyritic greenstone. 

About this time, a valuable paper appeared in the Transactions of the Geological 
Society of London, in which the geology of this problematical district is described at 
great length by Professor Ramsay, Local Director of the Geological Survey of Great 
Britain.* 

Of course, this became an era of joint-stock speculation, and companies were 
formed for working Clogau, Cwmheisian, and other mines, containing, or supposed to 
contain, auriferous minerals. 

Eventually, the rlth Clogau mine became the subject of two chancery suits, and 
the other mines, one ar'tcr another, collapsed, after ineffectual attempts to extract gold 
by various means of amalgamation. 

J'he vexed question again lay dormant until 18.57 and 1858, when the Vigra and 
Clogau mines were sold by order of the Court of Chancery, and bought by Messn*. 
Readwin and Williams, who, with a few other enterprising persons, set them to work for 
copper and gold, with Captain John Parry as mine agent The Dolfrwynog, the 
l^incfl of Wales, and the Cambrian mines were also started to work for gold. 

About this time Professor Ramsay, referring to the discoveries of gold at these 
mines, wrote, ** In the Untl mountains, Sooth Australia, Canada, and other parts of 
the world, gold occurs in rocks of the same general age, and apparently under the 
same ciroumstanccs."t There was, however, nothing of importance discovered until 
the end of 1859, when several bunches of gold were found in the forebreast of a 
shallow level, on the south side of the gold-loidc at Clogau, and early in the following 
year, the gold appeared associated with yellow copper-ore and telluric-bismuth, 
generally diffused throughout the lode, and visible from the top of the level to the 
bottom. 

This discovery was the signal for the resuscitation of several dormant gold mines, 
and the creation of a host of new schemes, all of which have suspended operations, 
with the exception of Clogau, in several cases, not so much on account of the paucity 
of gold, as of the difficulty of extracting it by the means at command. 

The neighbourhoods of Dolgelley and Bala at present appear to comprise all the 
known Merioneth gold mines, and the following particulars thereof are chiefly 
compiled from papers on this subject in the British Association Reports^ by Mr. 
Readwin, who treats of them as being in the Dolgelley and Bala dUtricts.t Accord- 
ing to this writer, the Dolgelley district is bounded by the river Mawddach, the Great 
Llawllech or Merioneth anticlinal range, and the river Camlan, to which may be 
added a oottiiinatlon of three or four miles further N£., following the junction of 
the Cambrian aandstones, and the Lower Silurian Lingnla flags of the geological 
survey, and included in the survey-maps, 75 S.E., and the upper part of 69 N.E. 

The geological features of the district are now too well known to require more 
than a refietition of the general statement, that the rocks arc of the Cambrian and 
Lower Silurian aeries, forming a Jonction in a very sinuous course, and frequently 
cut throngh by narrow bands of porphyritic greenstone. The district is full of 
faults, and the metAUferous veins have a general' bearing N.E. and S.W., with an 
underlie to tU|N> 

There is a i^tinuation of rocks of precisely the same character for a distance of six 
or seven miles, rumiiDg in a N.E. direction to Castell Cam Dochan in the Bala 
district! 

It may be here noted, that during the various explorations, gold has been found 
associated with iron-pyrites, blende, galena, heavy spar, copper-pyrites, clay-slate, 
Silurian shale, quartz, telluric bismath, tetradymite, carbonate of lime, talcose-sobist^ 
iron oxide, grey copper-ore, phoephate and arsenate of lead, and orpiment. It has 
also been fbnnd in pepitast and nearly pure in quartz, or alloyed with from 10 to 80 
per cent, of silver, || and a little copper and platinum. 


* On GeoUdgy qf iks OoU-bssring District q£ Msrtontikskire, By Profeiior A. C. 
t Monoftraph la the OmImM. Februanr. 186S. Br ProlbMor RainMy, F.R.8. Ue. 
i ^ BrH&A Auodatl^faorlt, 1861, 1868, 1S6S, l864, A 1666. Papers by T. A. Rndirfo, F.O.a. 

J See Mjpi, Oeol.SuTV. 74 iw. A 76 S.B. 

U Lut of fold ore# from Morlonstbdilro, exhlbltadbf Mr, Raadirbi, IntematiOBal BsMbltloa, ISOA 
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A number of very beant'iftil and rich ipecimena weio exhibited at the International 
Exhibition 1862, by the Vigra and Clogau Company, and Mr. Readwin. 

For conyenicncc, the Dolgclley district is divided into the following lections* 
viz., Cwmheisian, Maisginn. Berthllw^d, Oambrlao, Clegau aad Vigra, situate 
severally in the parishes of I.lonfhchreth, Trawef^nydd, Llaoddwye, Llaaeltyd,and 
Llanaber. 

Cumhet&ian Section, At the Cwmheisian luim , there is a juncHon of foarteen lodes 
nearly forty feet wide, and the whole moss of lode itself is sa'd to oontaio gold in 
small quantities. Jilende is occasionally found veiy rich In gold. Mr. Dean extracted 
148 ounces from 167} tons, and Mr. Clement 170 ounces ft*om 800 toa& Some 
fipecimens have been found hy Mr Headwiu, containing as much as 87 ounces to tlie 
ton. Almost all the known methods of gold extraction im%e beei tried ut this mine; 
hut ov ing to the great preponderance of sulphides in the mineral, none of them have 
succeeded. This is a fact to be regretted, since immense quantities of the lode itself 
could be actually qwvied, and there is plenty of water-power to dress it in- 
expensively, 

Cu^ifynpdd mine is opposite Cwmhclsian. Galona flom this mine, though poor in 
hilver, b i* as^ayed 8 ounces of gold to the ton. But some blende in quartz associated 
with araenide and phosphate of lead and orpiment. produced gold at the rate of 156 
ounces to the ton. Umf-a^ton of mineral from the “ Dmbt^me-not-lodet* gave by 
amalgamation 0 oz. 13 dwts. of gold. There is sn unusually large number of lodes 
opened on, varying in width iVom 1 to 66 feet, and gold can be seen in the lodis at 
the surface In 1.5 different places. This mine baa an elevation of SOU to 400 feet, 
and has hclonginj^ to it the beautiful waterfalls Pistil-y-cain, and the Ilbiadwr 
Mawddach; one with a fall of 12S feet, the other 87, so that, commanding the water of 
the two rivtrs, the Cain and the Mawddach, with an unlimited quantity of mineral 
procurable by means of adits, should the bulk of the mineral prove auriferous, large 
operations, at comparatively little cost, might be carried on here, with tlie prospect 
of making a small quantity of gold pay a proAt 

From about five tons of lode stuff, 15| ounces of gold have been extracted. 

Gold has also been found io small quantities at the Ilafod-y- Bach, Penmaur, Buarthrae, 
Doledd, and Penbr^n. TyddymjlufadtM mine is situate exactly at the junction of the 
Cambrian and T40wer Silurian rocks, which is distinctly observable at the top of 
Pistil-y.Cain. This mining sett is full of faults. The galena averages 50 to 60 
ounces of silver to the ton, and from 6 to 1 1 dwts. of gold. A small string of silver- 
ore was found in the deep level in 186.5, containing 2,200 ounces of silver to the ton. 
Some moss pulled from the river side had specks of gold attached to its roots. It 
was at this mine that Mr. Readwin first diFCovcred a fragment of the trilobite parad- 
oxides, many more fragments of which were found afterwards by Mr. £. Williamson 
and Mr. Plant At Cefndwddwr, acyoining Tyddyngl wadis, visible gold is found 
apparently dispersed throughout a fine quartz lode, and has yielded eight ounoes of 
gold from five tons of lode stuff. 

At the old Dot/iurynog mine, specimens of decomposed quarts contained over 400 
ounces of gold to the ton. One stone weighing fifteen ounces gave twelve ounces of 
gold. 

The North Ddlfrwynog lode-stuff has assayed SO dwts. to the ton. About 100 tons 
of alluvium ftnm the east bank of the Mawddach, on this mine, was washed with the 
object of ascertaining whether the particles of gold found therein increased in size 
ft*^ the surface to die hed-rock. This was found to be the ease. Several ounces of 
gold were obtained, and it is probable that the whole side of this mountain contains 
gold, which might be profitably worked on the erection of machinery to economise 
labour. 

Weet Ddffinoynog adjoins, and is marked on the Ordnance map, ** Tnrf Copper 
mine,” from the met that a few years ago, about £10,000 wortn of copper iras 
sold from the ashes of peat, there burnt for the purpose. Quartz and yellow 
and grey copper-ore from tliis place have assny^ six ounces of gold to the 
ton, and along the east bank of the Mawddach the alluvium resembles North 
Dolfrwynog. 

The Maeogum section is on the western side of the Trawsfynydd road, nearly 
mposite T^&ynglwadis, and includes Maesgwm, Ganllwydd, and Coed*oy-ftdr. At 
Ganttwydd in 1863, several masses of quarts wei e toond to contain visible gold. The 
BerthUwydd eeetion includes Berthilwjdd (Ce*!! coeh), Goitref, Gaegwmog, 
Caemawr, Benrhos, Tynybenrhos, and Glasdir. BertUbeydd mine is on the sommift 
of the lofty ridge behind Tynygroes, on the Trawsftrnydd rood from DoUelley. Here 
is the ** grand champion lode*' of the district, which runs N.N.E. and 8.11 W. for about 
a mile. Anrifieroua blende and galena are the chief products, and some very rich 
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tip(M inipnii have been foand, as well as pepitai and fine gold dust m the alluvium 
'lii( Welsh Gold company, to whom this and Ooilref and Caegwernng mines be- 
long, ha\o obtained (May 30, 1866) 666 ounces of gold from 19R‘i tons of lo<U 
stuff At Cwmavr ai^oining, the first visible gold of the district is said to ha\e 
hten dtscovertHl. The lode stuff assays 9 to II dwts. of gold to the ton, and the 
ulluvium also contains gold At IhnthoH and TunyhenrhoA^ the alluvium tfii- 
taiiiB specki^ of gold At GAisr/ir, above £15,000 worth of copper ore has bim 
<|unnicd, and exiraordmarils rich specimens of auriferous copper and iron p}iit 4 s 
have Iken found At the Gatn iiiiue rich gidd quarts has been found by Captain 
John IVrry 

The Camhnan arclum includes the Cambrian mine, the Princess Alice, Mcel Ispri 
and Cwmabseiflan mini s, which extend along the road fioni Dolgelley to Marii outb 
'I he Catiifirian mine has prodiiocd some very rich blende , containing at the rate of 
350 ounces to the ton hpeeiiuens of Silurian shale have been found with the 
appearance of having been eleefio-gilt. This mine has been thoroughly cxploKd, 
hut M ithout producing gold Hufficient to pa> for working At Cwmabseifinn, Mod 
Ispti, and the Princess Alue mines, gold has been found in the quaitrose lodi - 
stuff associated with blende and iron pantos At the Princi o/ Walca mine, 
a fiw large blocks of blende have been broken, containing at the rate of 45b 
ounoib of gold to the ton Prom 5 ewis of lode-stuff, 17 oz of gold wcie obtained 
Ihe ptepoiideranco of sulphidos beic rcndirs anulgamution ut pnsint wholly 
iuo|urati\e 

The Mawddach I iver has been tximined fiom Cwmheisian to Llaneltyd Brid^^e 
by Mr Ueadwiii, who found gt am gold with platin-indiiim in small qiiantitiLS 
Gold was also prev lously found h> tin lion F Walpole and Sir Augustus Webster 
Professor Kainsay suggests, with much reason, the possibility of gold being found in 
the*' matine dii/t'* 

The CUmu Stetum includes Clogau, Oortbgcll, Ileudicfoiian, West Clogau, 
Maesclawdd and T 3 nicorntl. 

"The Clogau, 8t David, No 1 mine is certainly the iichest gold mine evti 
woiked in the British Islands, and may compare favonrabl) with the qiurtz-recfs 
of Australia. Taking this lode as a type of tlie neighbourhood, it will be well to 
di scribe It 

'1 he lode has an average bearing 15^ N C, and is intersected by a very powerful 
cro^s-conrse liearing 30® N W and dipping slightly S W. The lode traverses beds 
ol indurattd silmmu clav slate, which aie luterst ratified with thick beds of green- 
stone 'llierc IS also a large gieiiistonc d>kc, which m tiaveised by a portion of 
the lode for a length of aliout 60 fathoms, until thiy an‘ intirsteted by a great cross- 
course Behind this cross course the hxle i*i extreiiu ly rich lu gold. It shoulil be 
stated that the lode is composed almost cntin 1> of quartz, w ith here and there 
some catbonate of lime Throughout the quartz, yellow copper ore is in small 
quantities, disseinmated, as well as gold Where the gold is most abundant, 
telluric bismuth in fine silvei^ white grams is generally present, and an opinion 
prevails that whenever that mineral is met with, gold is near at hand It was 
commonly supposed that gold is only to be found near the surface. Mr. Dean has 
favoured us with some notes on this point, which are exceedingly important if all 
the conditions have been correctly observed. Without comment Mr. Dean’s own 
words are given . — 

The opaque white quarts floors, which are comparatively poor in gold, alternate 
with others of a greenish white colour, very dense, and of a shining conchoidal 
fracture ; the lattw are the rich TOld-bearlnff floors we have, therefore, alternate 
rich and poor From the dip of the floors the deposits of gold appear indi- 

vidually to dip wtvard, but, as the bands of clay slate forming the walls of the lode 
bdow the greenstone dip westward down to the cross course, the succession of bunohes 
of gold in the alternate floors of greenish quartz follow the dip of the clay-sMtet 
This 18 an important point in the relation to the recurrence of nch deposits of gold 
in depth below the pimnt bottom. This quotation sufficiently indicates the hypo- 
thesis that, with a recurrence of the same eonditlons iu depth, nch, or perhaps richer, 
d( posits of gold mayr be met with. There is a very close analogy between gold and 
tin. It was an opinion, held with much obstinacy for a long period, that tin would 
never be found deep in the earth. Experience baa now provtd the fallacy of this, 
for the most abundant deposits of tin are now worked at depths of between 800 and 
300 fathoms.* 

The most remarkable item In Welsh gold statistics is the fact of 9,863 ounces of 
V ^ Morlomthililrs^** Bobalt Hunt, 
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gold hating been ohtainod fioin 1«M than 40 torn of qaorU. It wti here that the 
poor ctkpper ore '' refenvd to woi found, from which eome 90 lone had been picked, 
sampled, and sold as ** copper ore,'* and probably sc>feral thoamndi of ounces of ipild 
were contained in it. The St. Helen smelters made no report, but offered an 
advance of Sm. a ton for as much mure of it as could bo raised 4 dloooeory of mb 
gold in another lode has reot ntt> been made of a aimilar ehaiacter to the 8t Da? Id'i 
Exle. 

The gold obtaininl (Vom the mine by thu piew n; Company, to Majr 90, 18041 is 
1 1,663 ounces fioiii A 063 tons of quarts, averaging nboet 49 dwts. to the too. This 
mine baa had the novel merit of piving diviaends beyond the original edit of tlio 
shares At Uarlhqell the tit Daud's lode baa been thrown and not lotnced, at 
7 Of net thm lode has not bicn opened on, and iit //Mdrf/i>rrafi and Jftfsarlaiodrf, 
the iode-ariil! is auriferous, bur few explorations liave been made. At WiMt Cbanu 
(LlaohfraithK 1 ton of NkIi Mud' ga\e 17 dots, of gold. Snme proAtleae work has 
been done hoc Mr. Keadwin f< iind visible gold here at nearly 120 (kthoma bwer 
than the uppei U^ei at tit. David's lode. 

The tVu turn ioeludei Vigira,T>ddyndu, North Vijtta, Nantcoch, Wellington, 
rnchvnys, iiul 1 liinAher mines At all these miias the lode^siuff is auriferous, but 
Ti iuH not ^ * beeu found of commercial value. 

//i/tf doUirt. At the present time (1866') the gold discoveir here is chiefly 
< onfined to Tastell ('aiu Dochan mine, near the lieautiful lake of Bala (Llyn Tegid) 
on land ladonuing to Sir Watkin W. W)nn, Hart 

Tmis mine i . a In iied about five miles from Bala, on the N. W. side of the turnpike 
mad leading co Dolgelh v. xnd about two loilea fnnii the village of Llunuwclillyn. 

'I heie IS one auriferous lode vi^ry remarkable. It runs nearly N.E. and S. W. and 
has a dip to tlie 8 Tins lode is exposed to view for about twelve fathoms, showing 
^pKAs of gold nearly the whole distance. The lode stuff is gem rally flree fh>m 
sulphtdi^ The quartz, unlike Merioneth quarts, resembles Uiat at 1 luncs, in 
Australia, and Rome boulders have liecn broken up and found to contain specks of 
Msible gold throughout. The upper portion of the lode appears to have slipped over 
the lower, and doe n the fare of the lull, leaving behind it a record of where it had 
licen, in charucUrs of gold. loirge loose misses of OTeenstone have been found, 
having incrustations of quartz sf^nglcd wiUi gold. The dfbttn yielded gold of 
equal value with the lode stuff. This mine bos been properly opened, improved 
reduction muchmery iiected, and has made regular montlily returns of gold. The 
qusntity of lode-Btufi reduced is 3,500 tons, and gold produced 1,606 ounces 
(Deo 1866). 

A brief reft rence to the various modes of gold- extraction used in Merionethshire 
will be interesting. 

In the earlier stages of gold-mining (1843) at Cwmheisian, the ore was finely 
stamped and conceiitiatrd by washing apparatos, and afterwasds amalgamated by 
aroMttM or smelted. After this the gold-mines lay dormant until the Californian 
discoveitea in 1853, when rich gold quarti was at the aame time found at Clogau. 
The amalgamating maclunes of Britten and Berdan were then introdaoedt but it 
was soon found impouiblc to work auriferons sulpbidea indisenminately by tri- 
turation in quicksilvei A good deal, however, of the rich ore at Clogau wm treated 
in this way with wry profitable results ; but in some coses rich ore yielded only a 
small portion of its contained gold, and generally much gold was found in the 
** tailings.” Washing apparatus was erected at the Cambrian mine, on the Mannata 
plan, but witli no satisfactory results. This method wu improved by Mr. Belt 
at the Prince of Wales mine by the addition of ehaking tables, and troughi of 
qnicksilver; but the prooem only partly succeeded, there being very little 
gold in the stuff, and that little associated constantly with heavy snlphides. Ba^ 
amalgamation had been previously tried here, at a great coat, bnt fhiled for wt 
same reason. 

A mode of triturating the ores in quicksilver, having all the vices of Beidaiu and 
none of its virtues, was introduced at the old DoLfirwynog mine, together with an 
old plan of forcing the ground ore through a body of quicksilver. It is not publicly 
known whether this proceeding was a total failure or not No gold appears to Imve 
been accounted for, altbouah some of the ridbeit ore in Wales was foand at thia 
mine at the time. The slmce-box principle was adopted at North DoUhrynog on 
the alluvium, with the oijeot referred tO) but it wu discovered that modi mobe 
gold wu lost than gained by the pursuit, and it wu diuontinned. 

MiteheU's amalgamacois were next introduced at Cwmheisiau, which wm veaofill 
of quicksilver, through which the ground mineral wu intended to be forced 
by means of a succession of screws^ in order that the partiolu of gold mi^t be 
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preiiented to the greatoet possible surface of quicksilrer, and for a long period 
Ilf time. This plan was found utterly uselen with minerals containing sulphides 
In excess. 

Slopci’s plan of separating the metah by speciflo gravity was also tried on the 
alluvium by the patentee, at North Dolfrwynog, and Hilled 
In 1862, Mr Mosheimor introduced his machinery at Oartbgell, Clogau, Cwm- 
heiHian, and Castell 0am Doeban. After stamping the minerals in the usual wav, 
Mr Mosheimcr at that time proposed to grind them in his horizontal pans with 
heated quicksilver, adding chemicals, occasionally, for the purpose of liberating 
the gold from the sulphides At Ownihiisian this plan was useless because of 
the sulphides. The quicksilver constantly became “sick,” dragged in strings 
after the mnllers, and lost apparently all its natural affinity for gold. Only a 
very small portion of the contained gold was extracted, and the rest left in the 
tailings 

At Ologaii and Castell Cam Oochan, however, the results have been very different 
The quart/ lodes at these mines arc comparatively free from aulphides, there is a 
little bismuth sulphide found at Clogau, and a little iron sulphide at Castell Cum 
Dochan— but at both mines, without heating the quicksilver, or introducing 
cliemioals, the gold is practically all extracted, fVom the richer minerals by 
11rittcn*<i, and ftom the bulk by Mosheimer’s machines, and probably this plan will 
not be superseded 

At the present time (Dee 1866) the gold reduction works at Castell Cam Dochan 
are the most complete There, the ore* stall as it comes from the mine is taken 
direct to the stamps, reduced very fine, the metalliferous particles concentrated on 
blankets, the blanket sand further concentrated, and then amalgamated m the 
*' Mosheimers ” and ** Drittena " All the waste vatcr, &c passes into shaking boxes 
containing quicksilver, and thence through a series of Hungarian pans, such as are 
used at Schemnitz The gold here being all in e, scarcely a trace of gold is ever 
found in the tailings The same plan, with some modifications, is successfully used 
at Clogau. 

A long experience has now elicited that sulphides of lead, arsenic, antimony, 
zinc, bismuth, &c, will ftequently so envelope small particles of gold with a film or 
tiiiiish, that quicksilver cannot touch it The tnturation of such sulphides in 
qiiickhilvcr generally destroys its fluidity and amalgamating power, or reduces it to 
minute globules, which, owing to the tarnish they also have by some means acquired, 
refuse to re unite, and arc consequently washed away with the ''tailings” lleuce 
a grt‘at loss of both quicksilver and gold, because generally these minute globules, 
so washed away, are really gold-amalgam. Again, the quicksilver of commerce is 
very seldom m a fit state ftir complete amalgamation, even of free gold, and it is well 
known also that the blightcbt quantity of greasy matter will tarnish and render 
useless until redfst illation a large quantity of quicksilver 
In 1865, Mr W Ciookes, F R S the discoverer of tlialliom, proposed to remedy 
the evils attendant on the tnturation of sulphides and arsenides in quicksilver by the 
introduction of sodium. 

In laboratory experiments the effects of Mr. Crookes’ discovery were very 
conspicuous 

1 A small quantity of sodium amalgam added to ordinary quicksilver greatly 
increased its brightness and affinity for gold. 

2 A bar of gold completely covered with tallow dipped into quicksilver containing 
sodium was instantly amalgutiated. 

3 Greasy (*' sukened'*) quicksilver was instantly made bnght and clear by the 
addition of RuModiom amalgam. 

4 " Floi||l* quicksilver immediately collected on the introduction of a small 
quantity of the sodium amalgam 

These novel fkete induced Mr. Readwm to put the invention to a crucial test, 
at the Owynfynydd mine. He thus writes, ** 1 have made a senes of experimental 
trials, which have given me some confidence in the utility of Mr. Crookes' invention 
I selected ibr trial auoh auriferous minerals from Cwmheisian, Tyddynglwadis, North 
Doltrwynog, Qwtnfynydd, Glasdir, and other places, that have always heretofora 
either. sickened the quicksilver, or refiised to give up, by amalgamation, the ^Id 
known to be contained in them by analysis. In no one instance, during thete 
expenments (some of which were of 48 hours duration), did 1 derange the qirick- 
silver m operation, and in every instance I obtained gold from it, on distillation. 
The quantltiea of gold, of course, varied with the samites of minemUl treated* and 
did not in any way afieot the value of the experiments, the obieot of which was 
chiefly to prove whether heterogeneous minerals could be treated by tbia method. 
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when they would not tuhrolt to other tried meihodi. The moit rraMthaible, and in 
my opinion the most important, eflbot of the aodiom, waa aeen in an experiment on 
56 lbs. of mixed minerals firom one of the Gwynfynydd lodes. The gold in tbie lode 
is often xisible and assoeiatcd with inlphides of lead, sine, and ammie. QnlehsilTer 
in its ordinary state was first used in this experiment which shortly became 
completely “sickened" hy yellow sulphide of anenio and eompleielj 

coated the " Britten *' machine with aranw Whilst in this state, sodiam 

amalgam of about three per cent strength waa mtrodnotd, the qaieksilesr ioon 
recorered Ha fluidit), became quite bright and clear, and On distillation yielded 
nearly two ounces of gold. I made many olhar experimental nd in pracftee fimnd 
that, although 1 was always able to obtain gold by the nSe of aodium when 1 ooold 
not obtain it otherwise, I discovered that an excess of sodinm predisposed the 
quicksilver to take up other metals to the partial exoluaion of the one moat particu- 
larly desired } but in all caaea the quit ksilrer was kept quite bright and elear, and on 
washing out the machines* the subdivided particles were moat rapidly reunited, a 
circumstance of Itself of tho gtOatest importance.* 

Mr. Readwin belierea that ualrve lead exists to a oonaiderable extent in some of 
the minerals, and he idiows that the pieralenee of galena, &e. lathe greatest hindrance 
11 araalgamafion If this be so, and the lead can be taken out of the concentrated 
ores before amalgamation wlthont losing the gold and silver, the plan may possibly 
render amalgamation of the residue practicable, Mr. Peter Spence, of Manchester, 
proposes to oflcine the sulphides containing galena till completely oxidised; a portion 
of the galena is thus converted into sulphate of lead, and a portion into oxide of lead. 
This oxide and sulphate of lead is then washed in a solution of carbonate of soda* 
and the sulphate is converted into a carbonate. The calcined ore is then put into a 
solution of caustic alkali, the mixture is stiired for a short time, the solution taken 
off, and more solution added whilst the oxide of lead remains ; various solutions 
added together are allowed to settle, and when perfectly clear, drawn off into a vessel 
into which carbonic acid can be thrown into the solution and absorbed by it ; as the 
carbonic acid becomes absorbed by the solution* the soda beoomea carbonated* 
white lead is deposited. 

Now Mr. Speuce undoubtedly cai| convert the sulphide into carbonate of lead* 
as he proposes, hut at present it is impossible to say to what extent the prooess may 
affect the value of aunferous and argentiferous minerals. Mr. Spence asserts posi- 
tively* that by his process the lead in any ores can be converted into white lead* 
leaving the residual and accidental products for after-treatment, aocordiag to their 
nature and value, and this in a rapid and inexpensive manner. 

As to the profitable working of aunferous minerals in Wales, Mr. Readwin writes: 
“ After several years of experimental effort to work the gold minerals to a pr^t, I 
am more fixed in my opinion than ever* notwithstanding the equivocal position the 
Butject holds as a commercial pursuit, that gold mining can and will be made re- 
mnnerstive* if certain essential and natural eondltions prevail at the respective mines : 
firstly, there must be a large and continuous quantity of the aurirerons mineral 
cheaply obtainable by means of adits and tramways ; secondly, there must be efficient 
water-power available on the spot; thirdly, there must be no more cats about the premises 
than will catch mice. Under such circmnstances, provided fnrtv or fifty tons can be 
raised per diem* a quarter of an ounce of gold to the ton ought to pay all costs of 
reduction, ind I think it would. Msny of the diffieulties of smslgamation can now 
be overcome, by the use of sodium or potassium* in some sneh way as patented bv 
Mr. Grookes."f 

It remains to be proved whether, after Mr. Spence's prooess* the minerals can he 
Ihrther utilised. It seems reasonable to tuppoee this possible. If the ores oontain- 
ing snlphur are found in qnantity.and ooneentratedio as to lessen (be ooet of transit* 
then Osldned, the lesd sulphide converted into cartionate, the sulphur epllectt^ the 
sine-oxide (if any) made into spelter ; the residnat produeis thus obtained at an in- 
considerable ooet may contain the precious metals In quantity sufllciently valuable 
to amalgamate eitber with orwithont the use of sodium* as proposed by Mr. Orooltete 
At all events* another etep appears to have been gained towards the eolniion it the 
problem, “ Can Britidi gold m woiked to a profit? " 

The foUofwing fetnms of gold ssiaed in Merioneth^re are appioxkaatelj 
eorreet:— 


• Shwa the above axparlwinu were triad, Mr. CiraekMhai 
111 vAwtt of an vseois of lodima* tea hnprovaewBH bava 
maA oibar blab antborblca. 

^ Oo tea Basaat pneovarr of CMd at Ownftmydl. 


By T. k. RmIwI., F.a*. MNWl 
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toni. 

1 

CWt. 

4 

qr». 

0 ftom River Mawddach gave 

of gold 

M. 

8 

dwti. 

0 

STS. 

0 

100 

0 

0 

Alluvium - 

n 

5 

0 

0 

5 

0 

0 

Cefndwddwr 

H 

8 

0 

0 

5 

1 

3 

Owyn^ydd 

(» 

16 

16 

18 

50 

0 

0 

Cambrian - 

«f 

80 

0 

0 

20 

0 

0 

Prince of Wales - 

rr 

63 

0 

0 

812 

50 

1 

0 

8 

0 

DolfTwynog 

Clogau (prior to 1860) 
Cwmheisian 

tt 

If 

167 

200 

5 

0 

6 

0 

487 

0 

0 


834 

0 

0 

1,989 

8 

1 

Cefn Ooeh ( Welsh OoldCo.) 

666 

6 

2 

3,500 

0 

0 

Cutell Cara Doehan (Jane 30) 

1,606 

0 

0 

6,140 

0 

0 

Clogau (since 1860) 

*» 

11,860 

0 

0 

11,652 

iT 

6 



14,947 

6 

19 

The following 

Btatistics of gold will be found of interest 




Gold ex 

ported 

from. Victoria in 1864:— 






OM. dwtt. 

From quarti Tcins- ..... 503,668 5 

Alluvial irorkings .... ], 041,831 10 

1,545,449 15 

In addition to the above, 811,767 ozs. 19 dwta. of New Zealand gold have been 
ihipped ftom Victoria during the year. 

Toe following, ai illustrating the value of the anriferona quartz worked in the 
colony of Victoria, is valuable. It is published in the Mtmral StatuiUca of Victoria 
for 1864, by R. Brough Smyth, Secretary for Mines. 


Average yield of Odd from certain parceU of Quarti cruahed in 1864 in the varioua 
Mining Duiricta of Vtetoria, 


Mining dlitrlcto. 

TCnt 

cruibed. 

Total 

produce. 

Arerage field 
per ton. 

Ballarat 

Becchworth .... 
Sandhurst .... 

Marvborough . - - • 

Casilfiakiiie - - - . 

Ararat . . . - . 

Total- - • 



308.323 

70,168( 

142.428 

109,127^ 

167,182} 

46,356{ 

oil. dwts. 
72,203 17 
83,083 13^ 
69,107 6 

66,809 1^ 

116,852 0 

25,923 18 

oil. dwts. grs. 

0 4 16} 

1 8 16f 

0 9 16] 

0 12 6 

0 13 2.3 

0 11 4i 

843,515^ 

433,981 16 

3 = 

o 

o 


Trom 1859 to 1864, 2,409,987*3 tons of quarti have been eruahed, giving an average 
of 18 dwts. 10*123 giik of gold per ton. 


Average yjMM Gold from eertain paroela of Quartz Tadmge, Cement, MuOoekt (fc, 

onuhed in 1864. 


Mining districts. 

Tons 

crushed. 

Total 

produce. 

**»«:*“ 




osa dwts. 

oa. dwU. are. 

0 1 17 

Ballarat - . • • 


B1,S66 

4,412 9 

. Beechworth • • . 


1,497 

209 2 

0 8 18 

Sandhurst ... 


82,669 

20,167 6 

0 4 «U 



47,076 

69,677 

14,767 19 
18,884 19 

° 

Ararat .... 


14,408 

4,166 14 

0 8 ia|_ 

Total- ... 


BS«,778 

87,604 8 

0 4 111 
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18M 

1859 

1860 
1861 
1862 

1863 

1864 


Quantify of Gold t^poritdfiom luiiorh. 


• 8 » 555;863 

- M8d,525 

- 2,121^66 
‘ l»9t8,864 

- - 1 , 652»448 

1,420.302 
1.546,449 


4«(f. 

U 

II 

13 

18 

15 


1358 

1859 

1860 
1861 
1862 


Qmnt^ qf OM uporUdfiom Afir South Wata. 


ou iinrt* 

13.963 11 

- 21,178 11 
• 31,830 15 
■ 50,898 12 

- 31,636 18 


Value 

< f 

51,999 18 

81,504 ^ 

115,290 — 

191,234 — 

112,949 10 


<lf <*• Q'><nUf md rain, qf OM exp<Kl$d from X«o T. t j, . 

<tpnl 1857, to aort^taX, 1863 . ^*‘***/’™" 
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T^aNi of the quantiHiM qf Oold which may be emtidmd a$ having hern brought mCi 
the European market, every year on an average, from 1790 to 1802. 


CoDttnmta. 

Gold. 

Ancient Continent. 

Ibi. Avoir. 

Asia : — Siberia - -- ----- 


Africa 


Europe:— Hungary - ------- 


Salzbourg 

Aubtrian States, Harts and Hessia, Saxony, Nor- 


way, Sweden, France, Spain, Ac. • • - 

165 

Total of the Ancient Continent 

8800 

New Continent. 


North America 

2,860 

South America : — Spanish dominions • - . . 

22,000 

Brasil 


Total of the New Continent ------ 

40,260 


The mines of America have sent into Europe three and a half times more gold, and 
tweWe times mure silver, than those of the ancient continent The total quantity of 
silver v^as to that of gold in the ratio of 55 to I ; a verjr different ratio from that which 
holds really in the value of these two metals, which is in Europe as 1 to 15. This 
difference depends upon several causes, which cannot be investigated here at length ; 
but it mav be stated, that gold, by Its raritv and price, being much less employed in 
the arts than silver, the demand for it is also much less ; and this cause is suiBcient 
to lower its price much beneath what it would have been, if it had followed the ratio 
of its quantity compared to that of silver. Thus also bismnth, tin, &c., though much 
rarer than silver, are, nevertheless, very inferior in price to it. Before the discovery 
of America, the value of gold was not so distant fi’om that of silver, because since that 
era silver has been distributed in Europe in a far greater proportion than gold ^ In 
Asia the proportion is now actually only 1 to 11 or 19 ; the pr^niCd^thc gold mines 
in that quarter, being not so much below that of the silver mines arln the rest of the 
world. 

The total annual production of gold— exclusive of California and Australia — at 
present, has been estimated as follows : — 

" Ibi. srolidupofM. 

From the ancient Spanish colonies of America • - - - 92,533 


Brazil l,30() 

Europe and Asiatic Russia ...... 13,433 

Tho Indian Archipelago 10,163 

Africa 30,300 

77,749 

or about 34| tona 


withoutming into account the quantity of gold now extracted from silver. 


Report gfthe prodMetion gf QM in Caltfi/mia since ite dieeovery. 



£ 


£ 


£ 

1848 - 

- 11,700 

1654 - 

- 14,100,000 

- 18,400,000 

1860 - 

. 9,400,000 

1649 - 

- 1,600,000 

1855 - 

1861 - 

- 10, SS,000 

)850 - 

- 6,000,000 
- 8,950.000 

1656 - 

• 14,000,000 

1869 - 

. 9.S48,!i00 

1851 - 

1857 - 

- 13,110,000 

- 11,458,876 

1863 * 

. 8,790,000 

1859 - 

- 11,700,000 

1858 - 

1864 - 

• 9.400,900 

1853 - 

- 12,600,000 

1859 - 

- 11,560,000 




The history of the production of gold in Califiikiila and the States of ffie Union, is 
told up to the dote given in the fo^wing tables. These have been supplied ibr this 
work by the obU|^ kindness of the late* Mr. Roekwelt, at Washington, Of 
espedallylii^g the war, but little that ia raVabla baa bain ptAliib^ 











2.374,793-50 j 85,568 2''4.944 (48.397 ^6,839.521621 i«,740 2d5,864»6 14-62 
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‘S. Bnnch Mint, ttaii Fn&citeo. 


Period. 

Calirurnia. 

Total. 


Doliart 

Doilara. 

1854 .... 

10,843,281*23 

10,842.281*23 

- 

20,860,427*20 

20,860,427*20 

1856 .... 

29,209.218-24 

29,309,218*24 

1857 to June 30 - 

13,526,836*93 

12,526,826*93 

Total 

73.4.38,763-60 

73,4.38,763*60 


3 Branch Mint, New Orleans. 



4. Branch Mint, Charlotte, North Carolina. 



North CaroUua South Carolina. 


1838 to 1847 

1848 . 

1849 . 

1850 . 

1851 . 

1852 . 

1853 . 

1854 . 

1855 . 

1856 . 

1857 to June 30 


DoiUTi.~ 

l,5i9,777 

359,075 

378,223 

307,389 


188,277 

196,894*03 

157,355*18 

75,696*47 


DuUari. 

143,941 

11,710 

12,509 

13.000 
25,478 
64,934 
61,845 

19.001 
U,87717 



Doltari. 

1,6-3,718 

370,785 

390,732 

320,289 

816,061 

430,900 

305,157 

213,606 

316,988-86 

173,593*53 

75,376-47 


4,083,189*68 866,695*17 87,321*01 4,467,305*86 



0. Branch Mint, Dahlonega, Georgia. 















































GOLD. 


519 


6, Aisay New York. 


B 

jg 

cSSL 

dSSL 

CkofiU. 

aisbanM. 

MM 

OsUSmila. 


ISM 
ISM 
IHSS 
iH«r to 
June 30 

DolUn 

167 

1,370 

jijwi 

Dollars 

8.910 

8.TM 

806-07 

1,68S 

Dollars 

ai6 

7,630 

4/163*30 

t.6a 

bollari. 

1343 

11,100 

41,101*91 

10,461 

bttilan. 

”SM* 

oust 

l,M6 

1 


Dellsn. 

W 
. ■ 

|lKl,;8l,l)M'97 

Total 

IO,9iK; 

le.ioo 07 

l4.m*» 

«, 894*38 

i.imc3 

- - 

iwo‘1 

1 


Smmry of the enm Dipositt qfVmeetic Gold at the United Statee Mint and 
Brandim/rm 1604 to the dOth Jane 1857. 


Virginia 

North Ca ollna 
South Caroliua 
Georgia . 
TennsMM 
Alabama - 
New Mesleo • 
California 

Other Soureea 

mats. 

l^taL 

Phfladdphia. 

SanYraa* 

elieu. 

*^bolUrs.~ 

78,iU,7m‘60 

NtwOrlMUi 

Charlotte. 

DahkMga. 

AsiarOfltee. 

liohari 
1.479,7S^< 6u 
4,400,J73 1 
A38.403 
3,374.703 30 
S6,%*t 

34 944 
4M97 

396,839, 691*62 
96,740 

Dollari. 

74*1 

16917 

8,968 

3,719 

77.SB3 

31,606,461*64 

7,390 

Dollars. 

4J)iu.18V68 

366,695*17 

ViSU-Ol 

bullars. 

*99.69933 
370,338 91 
4,187.773*09 
43.013 4J 
60.639*9 

l,3M,7r8S3 

061* 

bnlurs. 
10,996 
10,160*07 
14 740*29 
66, 604*33 

*9.im62 

60,^6,31*9*01 

1,600 

bnlUrs. 
1,490 711 *AC 
8,637, (913 57 
1.303,373*37 

6, (ilH, 143*76 

80.399 4S 
19896464 
43 >17 

SI8373.0(IB*60 

106.661 

Total . . 

1 

i 

73,438,763*60 




60,761,688 37 

408,160,708*76 


Exports of gold and silver bullion from the United States, as shown by the annual 
oiBoial reports on ** Commerce and Mavigation “ by the Secretary of the Treasury of 
the United States. (Prior to 1855, the reports do not show separately the coin from 
the bullion, and in the following years silver is not separated from gold, but almost Uie 
entire amount wu undoubtedly gold.) 

Dollavi. DoUsn. 

1855 - - 34,114,995 

1856 - - 88,689,946, of which foom S. Franoiseo, 6,947,404 

1857 - - 31,300,960 „ 9,928,857 

The gold, the produetiou of Foreign Countries, isyMftstf into the United States for 
the years ending 30th June, was as foUowst— 


Yesr. Bullion. Cdn. 

1853 ^608,857 /8, 049,808 

1858 463,044 1,968,318 

1854 1,720,711 1,311.253 

1855 404,817 688,585 

1856 114,889 876,046 

1857 151,585 6,503,051 

1858 179,875 8,496,750 

1859 1,185,350 976,057 

1860 1,010,751 ‘ 1,733,010 

1861 988,000 8,500,500 

1868 1,785,000 1,649,000 

1863 989,525 897,590 

1864 1,849,600 1,085,750 


Odd, metoBnegk Mment The gold found in the Bands of riTeri, or ip 
auriform sdls, need not be sulpcoted to any metallurglo process, property neaking. 
The gold seeken aeparate k foom the aandi, by washing them first upon nollaed 
taMea, someliiBes corered with a cloth, and then by hand in wooden howls of a 
psitioidtrfonn. Tlw methods of woihing Tsry in dUisreut loealitics. Tha people 
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called noliemians, Cigans, or Tchlngancii, 'who wa A the aunferoua aanda in Hungary, 
employ a plank with 24 transverae groovea cot in ita surface Ihey hold tins 
plank in an inclined position, and put the sand to be washed in the first groove, 
tliey then throw water on it, when the gold, mixed with a little sand, collects 
usiiilly towards the lowest fiiriow They remove this mixture into a fiat wooden 
basin, and by a peculiar sleight of hand separate the gold entirely from the sand 
The richest of the auriferous ores consist of the native gold quite visible, disseminated 
in a gangue, but the veins are seldom continuoua fbr any length The other ores of 
this district are auriferous metallic sulphides, such as sulphides of copper, silvei, 
arsenic, &e , and particularly iron 

I'he stony ores are first ground m the stamping mill, and then washed in band- 
basins, or on wooden tables 

i he auriferous sulphides are much more common, but much poorer than the foi mer 
ores , some contain only one 200,0CM)th part oi gold, andjet they may be worked with 
advantage, when treated with skill and economy 
The gold of these ores is separated by two different processes , namely, by fusion 
and amalgamation 

The auriferous metallic sulphides are first roasted , then melted into mattea^ which 
are roasted anew , next fused with lead, whence an auriferous lead is obtained, which 
iiia\ be refined by the piocess of cupcllation 

hen the gold ores are very rich they are melted diiectly with lead, without pre- 
liiiiiiiary calcination of fusion These processes are however little practised, because 
they arc hss economical and certam than amalgamation, especially when the gold ores 
are very pool 

If I best on a consist of copper pyrites, and if their treatment has been pushed to the 
point ot ohtaiuiog auriferous rose copper, or even black copper including gold, the 
precious metal cannot be separated by the process of liquation, because the gold, 
having more affinity for copper than for lead, can be hut partially run off by the latter 
luetaL For these reasons the process of amalgamation is far preferable 'i his process 
heiif tfib name for silver, we n serve its full description for tnat metal See Silteb. 
** l^ertch ores in which the native gold is apparent, and merely disseminated in a 
dtony gangue are directly triturated with quicksilver, withcmt any preparatory opera- 
tion As to the poor ores, in which the gold seems lost amid a ^at mass of iron, 
sulphide of copper, &o , they are subjected to a roasting process before being amal* 
gamated This process seems requisite to lay bare the gold enveloped in the sulphurcts 
The quicksilver with which the ore is now ground seiies the whole of its gold, in 
however small quantity this metal may be present 

The gold produced by the refining process with lead is firce Arom copper and lead, but 
it may oontain iron, tin, or silver It cannot be sepaniKed firom iron and tin without 
great difllculty and expense, if the proportion of gold be too small to admit of the em- 
ployment of muiiatic acid. 

Jiy oupellation with lead, gold may be deprived of any antimony united with it 
1 1 D gives gold a remarkable hardness and bnulmess , a piece of gold, exposed for 
some time over a bath of red hot tin, becomes brittle. The same thing happens more 
readily over antimony, fiom the volatility of thil metal A two-thousandth part of 
antimony, bismuth, or lead destroys the ductility of gold. The tin may be got nd of 
bv throwing some oorrosive sttbliinate or nitre into a crucible, oontaining the melted 
alloy. By the first agent, perchloride of tin is volatilised, by the second, stannate 
of potash forms, which is carried off in the resulting alkaline scorim 
Gold treated by the process of amalgamation contains commonly nothing but a little 
■liver The ^ver is dissolved out by nitno acid, which leaves ue gold untonebed , 
but to mal^lH parhnp with sncceu and economy on the great scale, several precautions 
must be offiryd, 

If the gold do not contain fhlly two-tbirds of its weight of silver, this metal, being 
thoroughly enveloped by the gold, is partially screened fW>m the action of the acid. 
Whenever, therefore, it is known by a trial on a small scale, that the silver is much 
below this proportion, we must bring the alloy of gold and silver to that standard by 
adding the requisite quantity of the Tatter metaL This process is called anartation. 

I his alloy is then granulated or laminated $ and from twice to tbno^ its weight of 
BulphUnc or nitric acid is to be boiled upon it , and when it is judged that the solu* 
tion has been poshed as fltr as possible by tbis flnt acid, it is decanted, sad new acid 
is poured on Lastly, after having washed the gold, some sulphuricmeid is to bs boiled 
over it, which carries off a two or three thousandth part of silver, whidh nllns 
alone oeuld not dissolve. Thus perfectly pure gold is ohCamed. 

The silver held in solntion bp the sulphnno or nitric acid is precipitated ih 
hdhe state by copper^ or m the sMe of eUondel^ sea-salt. Bee Assat, 
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oxidised by any degree of heat with contaot of air, although in eonbination with other 
oxidiecd b^ee. it may pan m a itate of an oxide, and be even vitnfled. The pur* 
pic smoke into which gmd leaf is converted by an eletdrio discham m not an oxide, 
for It IS equally fbrmed when the discharge is made throngh it m hydrogen gaa. There 
are two oxides of gold ; the hrst or protoxide il a groin powder, which may bo ob* 
tamed by pouring, m the cold, a solution of potasii into a soliition of the motallki 
chloride It is not durable, but soon changes lu the menotruum into metailUe gold, 
and peroxide. Its oonstltnenta are 90*13 metal, and 3*37 OV^gen. The potOxido la 
best prepared by adding magnesia to a aoliition of the motolnc ehlorido i wg^ing Hie 
precipitate with water ull this no Innger tikes a yellow tint dnmi nur|nti<sicld f then 
digesting strong nitric acid upon the residuum^ whioh removes the risgnctia, and leaves 
the peroxide in thi fbnn of a black or dark brown powder, which s^ms to partake 
more ot the proMrties of a metallic oeld than a bas^ It eontams lu 77 per cent, of 
oxygen For the curious oombmation of gold and tm, called the Purfli Puboifitatb 
OF ('ABBios, sec Csmuto, PiOMnirrM. 

GOLD, ALliOTS OF. See Ali ot. 

GOLD AMALGAM. SeoAMAUiAM 

GOT.D iiF \T£R8* SKIN This skm ii prtpared from the external or peritoneal 
coat ot die cfficum or blind gut of neat eump. The workman sepantes and turns 
over the portion which enemies the Junction of this pouoh with the rest of the 
intesimes, and draws it off inverted from the other coats to the length of 25 or 
SO inches. It is then immencd a short time in a weak solution of potash, and is 
cleaned by scraping upon a board with a knife. When thns well cleaned, and by 
soaking lu water, the piece is stretched upon a kind of frame from 40 to 50 inches 
in length and 11 inches wide, and made of two uprights held together by two cross- 
pieces having longitudinal grooves two and a half hnes in width. The surface of 
the membrane, which was outside in the animal, is placed in contact with the upper 
part of the frame , it is stretched in eveiy direction, and is glued to its rim. Another 
membrane is then stretched above the first with its extemsT surface placed upwards, 
and U attached to it by glueing around the edges. When dry, the membranes are 
separated by running a sharp knife along the grooves. Each strip is then glued 
upon a frame similar to the first one, but without a groove, and is washed over with 
a solution composed of—. 


Alum -----..•1 ounce. 
Water 3 quarts. 


When the lurihce is dried, a sponge dipped in a concentrated ■olntion of fish-glue 
in white wine, rendered aromatic by doves, nutmegs, or camphor, is pass^ over it. 
When this coating is dried, it is covered with a coat of white of egn, and the strip 
is ent in pieces 5} inches square, which are then smoothed out under a press, and 
made up into leaves. 

A body is given to the pieces of gut ; that is, th^ are moistened with an inftision 
of cinnamon, nutmeg, and other warm and aromatic iDgredlents, in order to preserve 
themi an operation repeated after they have been dried in the air. When the leaves 
of skin are dry, they are put in a press, and are ready for pee. After the par^- 
ment, vellum, and gut membrane have bm a good deal hammeied, they become unfit 
for work, till they are restored to proper fiexlbility, by being placed leaf by leaf, 
between leaves of white paper, moistened sometimes with vinwar, at others with 
white wine. Tb^ are left in this condition for three or four bouro, under com- 
nression of a plank loaded with weights. When tb^ have imbibed the proper 
humidity, they ere put between leaves of parchment 13 inches square, and beat in 
that situation for a whole day. They are then rubbed over with fine ealelnsd 
gypsDitt, SB the veilom was onginally. The gut-skin is apt to contxaet damp in 
standing and is therefore dried before being used. 

GOLD BEATING. This is the ert of reducing gold to extremely thin leaves, by 
beating with a hammer. The processes employed for this porpoie mav be applied to 
o^ metals, as silver, platinum, nod copper. The Romans used to gud the edlings 
and walls of their apartmentaj aiid Pliny tells ns, that from an ounce iff gold foiBiiiig 
a plate of 4 fiageit aqnare, about 600 leavea of the same area were bamroered. At 
the present day» a piece of gold ie extended so ea to cover a space 061,600 times 
greelsr than ita primaiw surfoee when oast 

The gold employed in ibis art ought to be of the finest standard. Alkm baidena 
g(dd and rendars It leas malleable \ so that the fraudulent tradesman wnn ekonld 
attempt to debase the cold wonld expose himself to much grealer loss in the opeem* 
tioas than he ooold derive of profit flim the alloy. 

The average Hiiekneas eComnmon gold leaf is of «a Ineh. 
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Poor prinoiptl operations constitute the art of gold beating:— 

1. llie casting of the gold ingots. 3. The lamination. 

9. The hammering. 4. The beating. 

^ The gold is melted in a crucible along ^ith a little boras. When it has become 
li(|inl enough, it is poured out into an ingot-mould preTiously heated, and greased on 
tlieinside. The ingot is taken out and annealed in hot ashes, which both soften it and 
f\ree it from grease. The moulds are made of cast-iron, with a somewlmt concave in- 
ternal surface, to compensate for the greater contraction of the central parts of the metal 
in cooling thim the edges. The ingots weigh about 9 ounces each, and are } of an 
inch broad 

9. The forying, — When the ingot is cold, the French gold-beaters hammer it out on 
a mass of steel 4 inches long and 3 broad. The hammer for this purpose is called the 
forging hammer. It weighs about 8 pounds, with a head at one end and a wedge at the 
other, die head presenting a square free of If inch. Its handle is 6 inches long. The 
workman reduces the ingot to the thickness of } of an indh at moat | and during this 
operation he anneals it whenever its substance heodmsf'liftrd and apt to crack. The 
English gold-beaters omit this process of hammering. 

3. The lamination — The roliers emplojed for this purpose should be of a most per- 
fectly cylindrical figure, a polished surfisM, and so tow^uI as not to bend or yield in 
the operation. The ultimate eaoellenoe of the gold leaf depends very much on the pre- 
cision with which the riband is extended in the rolling press. The gold-beater desires 
to have a riband of such thinness that a square inch of it will weigh 6f grains. Fre- 
quent Mneahn^ are requisite during the lamination, 

4. The ribud of gold being thus prepared uniform, the gold-beater cuts 

it with sheosn into small squares of an mch each, having previously divided it with 
compasses, so tlfrt the pieces may be of as equal weight as possible. The squares 
are piled over each ether in parcels of 150, with a piece of fine calf-skin vellum 
interpqted betp«Ht,eaeh, and about 20 extra vellums at the top and bottom. These 
vellum leaves are about 4 inches ^uare, on whose centre lie the gold laminn of an 
inch square. Thia packet is kept together by being thrust into a case of strong 
pnrehment open at the ends, so as to form a belt or band, whose open sides are 
covered in by a second ease drawn over the packet at right angles to the first. Thus 
the packet becomes sufficiently compact to bear beating with a hammer of 15 or 16 
pounds weight, having a circular free nearly 4 inches diameter, and somewhat convex, 
whereby it strikes the centre of the packet most forcibly, and thus squeexes out the 
plates laterally. , 

The beating is performed on a very strong bench or stool, framed to receive a heavy 
block of marble, about 9 inches square on the surface, enclosed upon every side by 
wood-work, except the front, where a leather apron is attached which the workman lays 
before him to preserve any fragments of gold that may frll out of the packet. The 
hammer is ^ort-handled, and is managed by the workman with one hand; who strikes 
fairly on the middle of the packet, frequently turning it over to beat both sides alike ; 
a feat dextrously done in die interval of two strokes, so as not to lose a blow. The 
packet is occasionally bent or rolled between the hands, to loosen the leaves and secure 
the ready extension of the gold ; or it is taken to pieces to examine the gold, and to 
shift the central leaves to the outside, and vice versa, that everything may he equalised. 
Whenever the gold plates have extended under this treatment to nearly the siie of the 
vellum, they are removed from the packet, and out into four equal squares by a knife. 
They are thus reduced to nearly the same siae as at tot, and are again made up into 
packets and enclApd as before, with this differenoe, that skins prepared from ox-gnt 
are now intAosra between each gold leal^ instead of vellum. The second course of 
beating is penbnned with a smaller hammer, about 10 Mundf in weight, and is con- 
tinued till the leaves are extended to the slxe of the skins. During this period, the 
packet must be often folded, to render the gold as loose as possible between the mem- 
branes ; otherwise the leaves are easily chafisd and broken. They are once mon 
spread on a cushion, and subdivided into four square piece# by means of two piecM of 
cane cut to very sharp edges, and fixed down transversely on a board. This rectan- 
gular cross being applied on each leaf, with slight pressure, divides it into fimr equu 
portions. These are next made up into a thm packet of convenient tUckiMis, and 
finally hammered out to to area of fine gold lead whose average sis# is from 8 to fig 
inches square. The leaves will now have obtained an area 199 timet greeter than to 
plates before the hammering begun. As these were ori^nally an inchs^nam^ end 7a 
of them weighed an ounce (-> 6^ x 75 « 487|), to surihee of to finitod 
will be 199 X 15 m I4,400.8qnaft|} inches, or 100 square fret per onaoe ttof. 
la by no means to ultimate degree of attenuation, for an ounce may be haimnerid 
so u to cover 160 square fbet; but to waste Incident In .this eass^fimn to htoto 
of broken leaves, and to increase and nfrety of to labohr, niafco this an dhlMMto 
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refinement { while the gilder finde ineh thin leirei to mike leu dtuilde end latii- 
fiMtory woik. 

The finished leares of gold are pat up in anudl bodki Mofio of single Isgree of soft 
paper, rubbed over with red chalk to ptevent adhesion bitteen them. Beftwi pnHiDg 
the leaves in these books» however, they areUftedonehy oaenFithadeHlite palrofa4if 

cers out of the finishing packet, and spread out on a Mher cushion by blowiif tfcm 

flat down. They are then cat to one siie^ by a ahnrp-edged iii|oare asohldinfl of eanev 
glued on a flat boaid. When thissqaiCfrdnaiieA edge ie| » Hi sa ttpeo the fdck it etlta 
It to the desired itae and shape. Each book oomisonly eonbins fig goM Waeet 

We must now describe some mulisiritiei of the French practice of gelfl bcnting. The 
workman cuts the laminated ribands of an inch bread into portiona na Inch and a half 
long. These are called Ue taken 34 of them, which he pl<«ta enfiiOdy 

each other, so as to form a thickness of about an inch, the riband being s mav 

of au inch thick i and he beats them together on a steel slab with Sie rfhnd mee 
ipamu) of the hammer, fio is to stretch thetn truly out into the square ibrm. He be^ 
gins by extending the snhetsnoe towards the edges, thereafter advancing towards thg^ '' 
iMiddlo } he then does as much on the other aideb and finally hammers the centre. Bf 
repeating (his mode of beaillig ae often as necetsan. he reduces at once all the gaarlicre 
(squares) of the same paoket, tUl none of them U thicker than a leaf of grey paper, mi 
of the sise of a square of S infiihea each side. 

When the guariien are brought to this state, the workman takes 56 of them, which 
lie piles over each other, and with which he forms the first packet (caucAer) in the 
manner already described ; only two leaves vellum are interposed between each gold 
leaf. The empty leaves of vellum at the top and bottom of the packet are owed 
emp/ure^. They are 4 inches square, as well as the parohment piecea 

The packet thus prepared forms a Teotansalar panlleli^iped i it is enclosed in two 
shcathos, composed each of several leaves of parchment applied to each, and glued at 
the two sides, flnrming a bag open at either end. 

The block of black marble is a foot square at top, and 18 inohea deep, and ic framed 
as above deicribed. The hammer need for beating the first pa^et is oalled the flat, 
or the enlarging hammer { ita head is ronnd, about 5 inches in diameter, and very 
slightly convex. It is 6 inches high, and tapers gradually from its head to flie other 
extremity, which gives it the fonn of a hexagonal truncated pyramid. It weigl^ 14 
or 15 pounds. 

The French gold-beaters employ besides this hammer, three othera of the same 
form t namely, 1. The commencing nommer, which weighs 6 or 7 pounds, has a head 
4 inches in diameter, and is more convex than the former. 8, The qpreodtnp Aammcr, 
(mortoau d chaster) i ita head is two inches diameter, more convex than the last, and 
weighs only 4 or 5 pounds. 8. TheyihicAcnp hammer ; it weighs 18 or 18 poonds, has 
a head fbur inches diameter, and is the most convex of all 

The beating vrooesses do not difler easentliilly' from tte Hngliih described above. 

GOLD, CHLORIDE OF. TOchloride of gold. This ealt Ic fimed when 
gold is dissolved in nitro-muriatio acid, b is moob used in phoCognphy. 

GOLD COINAGE. The current gold ooios of the Uuted Kingdom arc the 
sovereign and the half lovereign. See Mxmt, Sovnaxiair. 

GOLD LACE, Silver gilt wire woven into a lioe. 

GOLD LEAF. See Gold Bbatxho. 

GOLD, MANNHEllC. A braec oompoced of fttmi 3 to 4 ounces of sine to 
1 pound ^ copper. See Beass. 

GOLD, MOSAIC. A brass of very fine colonr used In comnum JeweUery. 
Hamilton and Parker's patent Mowic gold oonristsof Ifi^onnces of alnoto 16 ounces 
of copper. It is of a dark colour when first east^ bat on dipping assames a beantiflil 
golden tint The patentees say, " when cooled and broken all yeflownms mnstoeaae, 
and the tinge vary from rsddira lliwn or salmon odour, to a U|pt purple or lilac, and 
from that to whiteness." See Beass Au^ots. 

GOLD, PURPLE. Puikb or Gasots, which see. 

GOLD, SALTS OF 

Bromide of gdd. 

Cyanide of gold. 

Iodide of gold. 

Phosphide of gold. 

Sulphide of gdi 

These and some oflier salts of this metal, whieh are rarely used la Uw eMe oh Mr 
described in Watts* ** Dicthmary of Chsmi^.’* 

GOLDEN MARGASITB. A name riven at one time tp the metal ainq, AAertiis 
Magnus esOs it marehaeUa amea. "This was properly a stene^ the metdBnparSte 
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of wliioh were so entirely sublimated by fire, that nothing but useless ashes remained 
behind. It contained fixed quicksilver, communicated a colour to metals, on which 
account it was well known to the alchemists, burned in the fire, and was at length en- 
tirely consumed. It was found in various parts, but that at Gaslar was the best, be- 
cause the copper it contained seemed to have in it a mixture of gold. To give this 
copper, however, a still greater resemblance to gold, some tin was added to it, by which 
means it became more brittle. This marehaaUa also rendered copper white as silver. 
Thus far Albcrtus. It obtained without doubt the name of marchagtta aurea because 
sine communicates a yellow colour to copper ( and for the same reason the Greeks 
and the Arabians called Cadmia golden, or Aurea**^Beckmann, 

GOLDEN SULPRURET OF ANTIMONY. Stibium Sulphuratum Auranticunu 
The pcntasulphide of antimony, a golden yellow powder, its formula being SbS*. 
See Antimony. 

GOLD OF PLEASURE. A plant cultivated on the continent for its seeds, which 
yield a fine oil, while its fibres can be employed in the manufacture of sail-cloth, 
packing, and other coarse articles. It is the Camdina sativa of botanists. It has 
not attracted much attention iu this country. 

GOLD THREAD, or spun fold, is a flatted silver-gilt wire, wrapped or laid over a 
jthread of yellow silk bv twisting with a wheel or iron bobbins. By the aid of a 
mcebaniim like the braiding machine a number of threads may thus be twisted at 
once by tine master wheel. The principal nicety consists in so regulating the move- 
mentsihat Uif fftccessive volutions of the flatted wire on each thread may just touch 
one another! ahd farm a continuous covering. The French silver for gilding is said 
to be alloyed with 5 or 6 pennyweights, and ours with 12 pennyweights, of copper in 
the pound troy. The gold is applied in leaves of greater or less thickness, according 
to the quality of the gilt wire. The smallest proportion formerly allowed in this 
country by act of parliament was 100 grains of gold to one pound, or 5,760 grains of 
silver; but more or less may now be used. The silver rod is encased in the 
gold leaf, and the compound cylinder is then drawn into round wire down to a 
certain size, which is afterwards flatted in a rolliag mill, such as is described under 
Mint. 

The liquor employed by goldsmiths to bring out a rich colour on the surfaoA of 
their trinkets is made by dissolving 1 part of sea-salt, 1 part of alum, 2 Mrts ofultre, 
in 3 or 4 of water. The pickle or sauce, as it is called, takes up not only the copper 
allo> , but a notable quantity of gold ; the total amount of which in the Austrian 
empire has been estimated annually at 47,000 fwmrn. To recover this gold the liquor 
is dilated with at least twice its bulk of boUieg water, and a solution of very pure 
green sulphate of iron is poured into it. Thsi,nreeipitate of gold is washed upon a 
filter, dried, and purified by melting in a enmie afamg with a mixture of equal parts 
of nitre and borax. 

GOLD WIRE is fbrmed by drawing a pyUndrical rod of the metal, as pure as may 
be, through a series of holes punched la an iron plate, diminishing progressively in 
size. The gold, as it is dnwn through, becomes hardened by the operation, and re- 
quires ftequent annealing. 

GONG-GONG, or iam-iam of ^e Chinese. A kind of cymbal made of a copper 
alloy. See Coppeb, 

GONIOMETER. An Initrument employed to measure the angles of crystals. The 
most perfect instrumant is the refiecting goniometer of Wollaston. The angle of the 
crystal is measured bj determining through what angular space the orystsl must be 
turned so that two reys refiected firom two surfhesS successively shall have the same 
direction, jljaimpler form of the instrument consists merely of a semicireular gradu- 
ated scale ^^sg^ with a movable and a fixed radius. It is a most important 
instrument to the scientific mineralogist 

GOSSAN, a Cornish mining term. An oxide of iron, mixed with other matters. 
Gossans are found on the upper portions of lodes, and according to their obaraoters 
are regarded by the miners as favourable or unfavourable indicationa. The gossans 
are probably the result of the slow decomposition of the sulphate of Iron nom the 
fluid in which the metaUiferous matter, deposited in the lode, has been precipitated, 
or of the sulffiiides which may have b^ previously formed. The gossans are flre- 
quently very rich in silver, and sometimes they contain gold. 

GOSSIPIUM. The cotton-tree. See Cotton. 

GOULARD LOTION OR WATER, a solution of the acetate of lead. See 
Lead. 

GOVERNOR. A mechanleal arrangement, usually attributed to Walti liar regu- 
■‘hction of a steam-engine. ' 

add ATOR. a vessel employed in vinegar manutketure. See Acme AoIn. 
grains or PARADISE. Th. fruit of wranl daglbMMMUi plwtit MM* 
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timet it it ctlleA MaUagwWt pepper. Peieim dittiB||«ithct between tbe two. bat 
it appeart that they commonly paM for the tame in oommeiree. Oraloa of jparadite 
are imported in catkt. barrelt. and pnnoheont from the ooaat of Oelnea. They are 
used to give a fartitiout ttrength and pangeoey to beer and cordlalt. 

By 56 Geo. III. o. 58, no brewer or dealer m beer ghall have in hit poeteition or 
utc mint of paradite, under a penalty of SOOi. for eaohdffMBce : and ao drogglat 
sell It to a brewer under a penmty of 5001 for each oflhnoe^ 

GRAIN TIN. The purest kind of nmtallio tin. See Tnr. 

GRANITE, in the common and otlghlal acceptation of tbe term, deSOtet a inek;^ 
compoaed of feltpar, quarts, and mica. It oftentimea oantaiua, in iddllico to theae« 
^ >me other minerals. 

These component minerals of (^nite^ both cMenlial and uecHtmtal, are nnitU 
together by a confhted ei'yatallisation, not only mntnally pcnetradnlliattd incerfeling 
with each other, but tomeilmee the small crystals of one are completely enreloped u 
the large crystals of e different kind of minersl, and it is a very common vconrrrnoe 
for one or even more of these mineral^ to he developed in large crystals, in a granular 
basis of the whole, ao aa to eoBstitute a porphyritio granite. This character is gene- 
rally imph ted t>y the felspar, and larely by the quarts or mica.— i9oaire. 

Thu chemical composition of ordinary granite is generally as follows 


Silica - . - 72*3 

Alumina 15*3 

Alkalies 7*4 

Lime and magnesia and iron •> - - - - 5 0 


This rock consisto generally of abont 40 per cent of felspar, 30 or 40 per cent, of 
quarts, and Irom 10 to 20 per cent of mica. 

The gramteh of Cornwall and Devonehire have been long celebrated for their 
exceeding durability. Sir Henry de la Beebe thus describes the situation of the 
workable granites:— 

** There is much good granite on Dartmoor, thongh it is not always snfflciently 
aeccssib'e to be carried long distances the chief places where it is worked in large 
q^ntities and aftcrwatds exported are. Hey or High Tor on the east, and near King 
Tor on the ^ est The granite from the former place is conveyed by a tyam-mad to 
the Stover canal, down which it is carried in boats, and afterwards down the Teign 
to Teignmouth, to be shipped for its destination. That from the west side of the 
moor is conveyed by the Prince’s Town and Plymouth tram-road to the latter place 
and shipped. 

** The continuation of the Hingston Down granite is worked np the Tamar near 
New Bridge and exported from Morwellham. A very hard tariety is obtained upon 
the higher part of the Down, and has been employed advantageously for pavements. 
* * * The chief quarries in the eastern or bard part of the Henshorongh masi 

of granite are those of (the late) Mr. Austin TrefAry, up the Par Valley, eonimonly 
known as Lostwithiel granite. Extensive quarries ate there worked, and the stone » 
brought to the head of the canal near Pons-mill, upon which it is conveyed to Par 
harbour, and there shipped. * • * The Cam Menelei mass has fhmished 

the granite most commonly known as Cornish. It is nearly altogether shipped at 
Penryn, where it is brought variable distances from different quarries in the vicinity, 
many situated in the parish of Mabe;” — also in Constantine. Budoek. and Stithians. 

Since the above report was written, the qnarries at Cbeeswriog near Liskeard 
have been opened, and stone of a beantifril quality is raised and exported in large 
quantities. The Lamoraa quarries have also been worked i the stone obtained from 
Uiem is of excellent quality, and it can be obtained of almost any sise. 

The quantity of ^nite exported from the several ports of Cornwall in 186.5. 
exceeded 500,000 feet, or about 40,000 tons, the valne or which was aimve £75,000. 
Of Devonibiie granites the quantity exported from the eastern and western sides of 
Dartmoor was probably shoot 5,000 tons. 

Tbe following great works, amonnt many othen, have been eonstmeled entire^, or 
in part, of Cornitt gmites. The renryn and Lamorna granites have fttpplied Port- 
land Break-water; Keyham Docks for the Steam Navy ; Commereial Dodu, London i 




and Portamonch. together with the Sentari Monument The plinth fbr the railingt of 
the British Mnsenm was from the Camsew qnarries, and tbe towers, indnding the 
lodM, for gales, fro., from Constantine. From Lamorna blocks of 18 feet aqnan Ore 
readily obtained ; these quarries prodnee about 60.000 feet per aaniim : some 
have been raised 86 feet in length and U feet in diameter. 

The Welliimton Ifemorlal eveeted at Strathfreldsaye during tbe pNoent year, from 
the design of me Boron Maroohetti, is oonslmcted of granite endiely from frm Cen- 
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itantine anarrlas. Thii monmnent oontains ttonea of nnoinri ohanoter, the die 
being a elngle itone 9fL 6in. hi^h, aad 7ft iqiiare^ weighing nearly 40 tone. The 
ehafk of the eolmnn la 30ft. in height in one atone, end eome of the mouldinga are in 
atonea of nearly 1 1ft aqnare. The whole of the aurfkcea abore the plinth are finely 
poliahed, and hare all the appearance of being carved from a aingle block. 

The Gheeawring granite haa been need in the I^ondon Docka, Weatminster Bridge, the 
Thamea embankment Rocheater Bridge, the Docka at Copenhagen, the Great Baaaea 
[jightbonae near the ialand of Ceylon, and for the tomb of the Duke of Wellington in 
the crypt of St Panl’a CathedraL Theae qnarriea produce from 8,000 to 10,000 tona 
of atone per annum, and about a aimilar quantity ia annually ahipped from the quarriva 
near Par. 

7%# graniiet qf Scotland are chieflv prodnced from the county of Aberdeen. 

The granite Aberdeen, eapeelally from the quarriea of Dimcing Cairn, Rubialaw, 
and t!^hdmr, ia much need in the metropolia for jKdfb ana paving atonea; aome 
^d granite L alM quarried. Around Peterhead the red granite prevails, hence it la 
naually diatingniahed aa the Peterhead granite. The principal quarries are those of 
Black Hill, four miles west of Peterhead, belonging to the Governors of the Merchant 
Maiden Hospital of Edinburgh ; those on the estates of the Earl of Errol — at Bod- 
dam, at Longhaven, at Caimgall, and at Rova. The Sheerneas Docks were built 
mostly with stone from these quarries. The Stirling Hill quarries, at Bodham, fur- 
nished the pillar of the Duke of York*! monument ; the Seafleld quarries the abacus. 
The beautifhl pillars in the Ubraiy of the British Mnsenm were obtained from Long- 
haven ; the coat for transport, at the time they were worked, being something almost 
fabulous, so great were the difficulties attending their removal. The pillars in Fish- 
mongers* Hall are from Uie Stirling quarries, as are also the basea of the monuments 
of Pitt and Fox ; and the polished pillars of the Carlton Club House, in Pall Mall, 
are from the quarries near Peterhead. 

Granite of excellent quality is obtained in Argylehhire, e^ecially in the Isbmd of 
Mull, where it Inay be obtained in blocks of enormous aise. The quarries are rituated 
on the west side of the island ; a fine pink granite being worked at North Bay, and 
a dark-red variety at Tormor. The Mull granites are espeeially adapted, by their 
beauty of colour and uniformity of grain, for purposes of ornament; and have 
been lar^ly employed in the construction of the Albert Memorial, now in course of 
erection in Hyde Park. 

Granite is also worked to a limited extent in several of the islands round our coast. 
In the Isle of Man, the my granite of South Barrule forms a gigantic boss pene- 
trating the surrounding swistose rooks, and famishing a stone worked for local con- 
sumption ; in Lundy Island, which consists almost entirely of g^ite, (quarries have 
recently bMg opened; and in the Channri Islands, certain sienitio varieties have long 
been worked, and are largely employed as London road-metal. 

The granitee ^ /re&iaal— The most extensive granite district in Ireland stretches 
south from Dublin, through the oounties of Wicklow and Carlow into Kilkenny ; it 
occurs on the south-eastem coast of Down, and around Newr^ ; the range of the 
Monme mountains is granite, which again appears in small and isolated protrusions 
in Derry and Tyrone, and in Cavan. In the western portion of Donegal there is a 
large extent of this rook, which here partakes of a gneissose character ; and ag^n, in 
the west of Galway, vgnmite covers a considerable area. The granite of the Wicklow 
range is the most extcmsively used. It varies in its quality, that near Kingston being 
coarse and bard, while that from Ballyknooken, or Golden Hill, is much finer, and 
therefore fitted for ornamental work. The pranitq of Down is of a darker colour and 
fifl^ cr^S^|||Bed. It is extensively quarried at Newry, and sent by water to the 

The Galway granite is of a reddish colour, containing large crystals of flesh-red 
felspar. That of Mayo is of a dork bluish grey colour, wnile that of Tyrone is 
reddish. 

The Irish granite averages 170 lbs. per cubic foot, its extreme weights being 143 
lbs. and 176 Im. After 68 hours’ immersion in water, H was found that a eubio Ibot 
of the granite of Newry and Kingston absorbed about a quarter of a pound, that of 
Carlow nearly two pounds, and the giinite of Donegal four pounds of that fluiA 


Mes.—- WtflUaeim^ Pnaetkal Oetdogg and Ancient ArMectare freland^Sir 
Aande Indnehial Reeeame qflrdand. 

Granite ia work^ to a small extent at 8hap Fell in WastmoreUmd, and at Msmit 
in Leiceetersbire. The rooks worked as and cnllad the Grooby granite mqy 


I^rhaps be more properly termed Blenites, in sqme easea aUnmhig tihe ehaiMter of a 
M in othera of a sienitio greenstone. These are worked extensively for 

pitching” Mid for macadamising r^ 
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Until KMDtlT it wu in Minion ilmott noiro^ tmmg gMlogifti ihfX gnite 
liad been fonned by igneoni fttion, nnd bid eolidided f^ninoMw oonditta, m^er 
enormoui prcMure { Uie theory being rapported pnrtj^ by the oi(yita2Une 
etratified cbaraeter of the roek, bntohiefly by tholMlbalaliMRl trMyJblttiium 
of mnite giTee off numeroun raniifleitioni or relne iMeli pe nem U r the twwpwidtog 
rock*, and which appear to hare been Hmed by injeetton of the Miiite bto 
neighboaring flaeiirei. Mdenoe haa however aoeagtihilad dnehtg laat 6rtr 
yean tending to modify this theory vaty materially. Hasb it has beft Ibvnd that 
the speoidc gravity of qoaru which baa wldsigoda M^k il never hipir them M, 
whilst that of the qoarti in granite renehes 2*61 a fhet oeRoiant ipi itMC th oppose 
the igneous Reory, were it not that the preesure under which gcuallo tfl evidshlly 
been found must, as Dr. Haugbton has pohiesd out, veey.eonsidenbly Iscveioe tht 
density of the silioa. Again, many miamtali oeenrriag in gvamte, eHheeaa esqaaM 
or as accessory eonslitneats, are susih ii oould not have sacieted at a hip tampsli* 
turo ; some of them* indeed, snoh as certain varieties of mtoa, eontaining a notable 
proportion of water. Many of these minerals, moreover, are so highly basic that it 
IS difBcolt to nnderstand how they could have been Auied in the presence of firee 
|iiart2 without entering into chemical combination with the silica. Finally, the eon* 
i^tituent minerals of granite have. In most cases, not solidified in the order of Reir 
relative infusibility ; the quarts, which is the most invisible, having evidently 
solidified last, since It comn^y bears the impress of the fUspar crystals. 

Much light has also been thrown apon the probable origin of granite by the 
researohee of Mr. H. C. Sorby on the microscopical atruoture of cryttala ; a auhSect 
which has been followed up by Zirkel. The oryatala of many minerals contain 
cavities partially filled with liquid which has evidently been oanght up and meeha- 
nioally enclosed during the formation of the crystal i a phenomenon fi^nently wit- 
nessed in the crystallisation of artificial aalta in the laboratory. From the nature ot 
their formation, it is evident that aoch cavities most be entirely filled with liquid at 
the temperature at which they have been formed ; any vaeuitlea that afterwards 
appear being due to subsequent contrition, resulting nsually from a reduction of 
temperature. If the crystal therefore be exposed to heat until the liquid, by its ex- 
pansion, entirely fills the cavity, the temperature at which the crystal was orighially 
formed will be at once indicated. Such results will however require considerable 
modification if the mineral should have been fonned under the effects of great pres« 
sure, as was certainly the case with granite. As crystals deposited from aqueous 
solution contain ^uid-cavities, so those obtained by sublimation enoloae bubbles of 
vapour, giving rise to gtu, or vopoiir-cavities { whilst subatanoes aolidifying from 
fusion, such as glass or slag, contain portions of solid matter which are hence 
termed ghu» or atone cavitiei, according to the nature of the encloa^ qolid. Now, 
when the constituent minerals of nanite are subjected to microseoplMl exqnunation, 
they exhibit numerous cavities, of which some contain liquids, others enclose solids, 
and a few merely vapour. These cavities are most abundant in the quarts, eome 
varieties of which contain more than a thousand millions to the onbio inch. Since 
the presence of fluid cavities indicates formation by the wet way, stone cavities that 
by fusion, and gas cavities that by sublimation, the co-existsnee ^all these varieties 
in granite leads Mr. Sorby to believe that this rock has been formed under Mghly 
complex physical oonditioni, ** combining at once both igneous fhsion, aqueoas solu* 
tion, and gaseons sublimation. The proof of the operatimi of water is quite as 
strong ss of that of heat’* 

GRANULATION is the process by which metals are rednoed to mlimte graJjii. 
It is effected by pouring them, in a melted state, throng an iron cullender perodd 
with small holes, into a body cit water 1 or directly upon a bundle of twigs immeiied 
in water. In this way copM is gruiulated into bean shot, and silver alloys are 
grannlated preparatory to raning. See HsTAiximaT. 

GRAPE SUGAR. So called from ita being produeed In the gnM See SnoAn. 
Itt ftmnU is C^H^O”. 

GRAPHITE iPhmbagmi^ Fr. { JieUaM, Germ.) is a mineral lubiliBee of a lead 
or iron greTooloar,a metalUe lustre, soft to dm touch, and staining the finMswith a 
lead grey hue. H-lto2. Spec. giav. 208 to 2 4S. It ie easUy senutSik or eat 
wHh a steel edge, and iRnde a bliM streak, displaying tbemetalUe faMs In iti in- 
terior. B.B. infi^ble both akpM and with reagents : bnt bums with m§lt dUBeullm 
in the o u tw a rd flame without finme or amehe, generally leaving a reeiOM of esMe of 
iron. It coasisto of carbon In a peeaUir stote of agniiwatl^ wiR an entluRelr 
mtante and appareody aoeidintal Impmnation of iron. OmphltSb edfied also plo^ 
bago and bl^lead, ooooia In gneiai,miM slate, and their subordinate tday 
limssteoes, in the Ibrm of mtspes, veins, and kidney-sheped diasemiaited pieeiti 
It bas been ftmnd also among the ooel stnoa, u near Cumneok In Ayvridvei y p* 
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•iilwUnce 1 $ employed for eonntcmrting friction between robbing inrfiMet of wood or 
metel, fc»r mnking cniciblei nud (Hiruble furuncee, frr giriof i gloM to the lurihee 
of cut Iron, fte. Ree PLiron^ati 

The following report of M. Ifaidingcr end othcre, of Vienne, on the origin of gra- 
phite* conteini mucii that ia veluablc 

Iroi^ gftir long romeining buried in the earth, at loat entirely decompoaea* leaving 
a eminently combuatible reaiduum* known aa graphite or pure carbon. 

^ llaidinger'a report on the fcrrugtnoua maasea of Kokitaan and Gotta, near 
jMiiden, maaaca of nneertam origin, lenda aupport to thia general fact. 

One word on the forninti<m. itill ao little known, of graphite (piumbago pencil 
lead). The preaenecof graphite in granite, gneiaa* and diorite. baa renewed the 
diapntea between the Neptuniata and Plutoniata. Graphite ia well known to be nearly 
pure carbon* for it leavet in burning but a very amall quantity of anh. Now, if tbete 
primitive cryitalline rocka arc of igneotia formation, it ia impoasible to explain how 
graphite could eo-exiat with ailicatea of protoxide of iron without having reduced 
theae aalta. Judging merely by what takea place in blnat Ibrnacea, carbon reducea 
all oxidca of iron at a high temperature, ft must, then, bo admitted tliat granite, 
gneiaa, and dlonte did not contain graphite when the mineral elemcota of theae 
rocka. aiioh aa mica, hornblende, und other ferroua aihcatea, were in a atate of fusion. 
Graphite, then, must have been aubaeqiienfly introduced into these racks, bnt when 
aud how ? Queationa such aa theae are verw difflcult to answer satisfactorily. The 
moat plauaible h)pot]iefia ia that graphite naa been introduced by the wet way into 
the cryatalline rocka, and aubatitutod for one of the mineral components. Thus in 
the gneiss of Passau (Bavaria) it takes the place of mica. 

Graphite la frcqiicnti) to bo met with in granulated limestone, a fket particularly 
interaating to g^vilogtaia. Is limestone a prodnet of eruption, or is it a aediment 
traiiaformcd by the action of heat? The preaenee of graphite is explicable by 
neither lij'pothesia. For, at a certain temperatnre, which need not be very high, 
carbon decoinpoacs caibonatc of lime. Thia salt may, no doubt, under strong pres- 
sure. be heated to the melting point without losing its carbonic acid \ this is a labo- 
rator}' ei(M«riment often cited by the Platon ists. But it is quite a different thing with 
n iiiiNture of cnrtion and carbonati of lime at a high temperature. If we reject the 
Ne|itiiniau origin of graqnlated Ifanettone, we mutt then, aa with crystalline rocks, 
MipptMc that grapliite haa been introduced by the wet way at a more recent [^riod. 
The same remark applies to magnetic pyrites (sulphide of iron), often very rich in 
plumbago kerns. 

IhHW graphite, like all carbon, belong to the organic kingdom ? It ia certain that 
anthracite, lignite, and coal are the result of a slow decomposition of an enormous 
quantity of \rgctable8, the impreraions found on them often indicate the kind of 
vegetables, most of them extinct, which have contributed to these carbonaceous for- 
matioua. Graphite, if not formed in precisely the same way as coal and anthracite, 
nevertheleas heani signs of an oi^faiiie origin. The formation of nuclei and veins of 
graphite in crystalline rooks is aulBciendy explained by the deooinpoaition of car- 
bonised hydrogen gra at a high temperature i this gas, disengaged from organic 
matters, and penetrating the ffsaiires of tbe bnining rock, wonld undergo decomposi- 
tion into hydrogen and carbon. 

It is this deposited carbon which forms graphite. If in onr Inboratories we do not 
obtain exactly the same product, it must be remembered that nature haa means at her 
command which escape our researches, ^Ve find it impoasible to make coal from 
iKood The wood may be carbonised by tbe dry or by the vret wav. In the firat 
ease tbe carbonisatieikia very rapid \ in tbe latter it is extremely alow, aa ia shown 
by the blackened poM of piling sunk in water. 

Finally, graphite has been fbnnd in meteorites and aerolitec. Attempto have been 
made to explain its preaenee here by the eontinnance of tbeee stones in soil more or 
less rich in carbonised principles. Bnt with regard to newly-fallen stones, this ex* 
I lanation is inadmiatible. If it be maintained that graphite is an organic prodnet, 
it must be admitted that in the case of newly-ftllen meteorites it can proo^ only 
from organic matters belonging to another world than our own. 

In hit report bn Alibert graphite, If. Dnmas preaeota some conaidcnitions on the 
probable origin of graphite and of the diamond. H Desprets and others aaeribe to 
fire the change of carbon Into diamond ; Kewtoii naclibad it to tbe eoagnlatioo of a 
fatty or oily body ; Liebig says the diamond is slowly fonned by prrevsiei which 
determine the prolong^ putrefketion of a liquid body rich in carbon and in water i 
then, contrary to lif.10eaprets*s method, a high tempmtnre would be nttfkvoaimble 
to a tuceeuhl attempt Adopting Newtons hypotheala, M. Gmppert states, in n 

memoir on the solid bodies entering into the eompocitien of the diamond, and eon* 
aidircd with regard to their organic of inorgnnie origin,** that he Is disposed to claai 
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the ditmond among the produce of the dceompmition of organic Biaficn All thene 
liypoihceve M Dumaa njeota , acc<iidtug to him the diamond is erjrstaUisod earboot 
at the moment of its pruductioB and in the midst of a inam which has been expgaed 
niereljr to the heat necessary to sotWn it, provided this condition w cnMcvtlj |Nt»- 
longed 

Finally, M Dumas fhinkl} admits that nothing iMWiltvf hi haovrn as ta the trac 
origin of the diamond, thou^ the subatanoe muct allied to it, cliiciam, w pcifeetly 
known, and very beauiithl c^staii of it am (»bfaiiicd 

However, it is pocitivoly a^wrtaini^d that th« diamoad and graphite hav« not tlie 
same origin, and that the residiie of iveiy carboniftnooc cabataaas, tmted at a high 
teniperiture, proves to be but a variety of graphite. Tb<. new earbun fhund by 
M Alibeit la thfc mines of Mannski iituated at the sntnmit of Bapingol, on the 
SiUrian fiontiers, is, then, a grapbttoid osrbon of the must bsaiicifut kind, tonti<d 
by lotcaiiic phenomena M JaquiUm, after eaiefiiH} eoin|«rUig the ixteiiml 
ifiumctcnetus of Alibert graphite with that obtained b> his |mio«s«i, enncludet that 
tlk condiuonc under mhioh the^ are produced ninat be anal<igoas 

la (kef, on comparing the texture of the two carhon*, they will be found Kometmuw 
of a metallic, mirrordike lustre , at another time the Mirfaeo u ill he of sinning sti i i 
gut, msmiuillalsd as if it had Iwen half fhsed, and had pacsed through a pasty stage 
1 ins appearanoe is similar to that of oxide of iron, nodulous, hnlliant, with mammll- 
lj>ted snrtaco, known by the name of brown hematite. 

M Jaqn4.lain is inclined to admit that tarry and p>rugenatedi»rodiicta,traDsformid 
HI immince proportioBS into carbon and hydrogen undir the indainic oi igneous 
irnkt btvome ieoumuUted iii rents and 4Xca\ations, causing an aggregatiou of 
carbon and inducing a fusion analogiius to that «»f carbon in rtuirts tor lighting gas, 
and Ilf gra]>hiu»d carbon defttm« d to form the pencils used for the electric light. 

tin this {Muni M Jaqiielain nairates one of his own retent expcruiieiits On 
d< composing some sulphide ot carbon in a {loroelain tube iii presence of pure copper, 
heated to alHiut 800'^, sulphite of copper and graphite were formed, externally sliui 
Ijr to uuKiral graphite fh^jnos, pp "HO, 725, 1861 

(■HAFHOTVFE Il> this new pioccss of cugrnving (discovered in the^ sommer 
of |s60 by Mr Di ^itt Clinton HitohccMik) the artist becomes liis own engraver, 
and thus overcomes tbe diiBculties met with in moat otbir processes, arising from the 
impossibility of two individuals working out tbe same idea in exactly the tame way 
A short description of the circumstance which led to this discovery will give a gejod 
id«aof the. nature of the new method called ** Graphot ) jr ” Mi Hitghcoek was 
i ngage^l in making j drawing on boxwood, and finding it ne^ecssary to erase a portion 
ot his work and re white a bis blex^k, he took a visiting>card (the white matenal used 
for the surface of the wo k 1 engrave r*s block being of the same cemiposition as the 
tiunicl ol the Mid caid) and voiiinienced rubbing off the tnamtl with the aid of a 
brush and water, when, to his astonishment, ht found the printed lelUrs remained in 
nlief The ink tn combining with the enamel had become suflleiently hard to resist 
the action of the b ush, and thus he had accidentally prepared a sort ol hkak upon 
winch tilt letters sokmI out This circumstance kd him to the discovery that hy 
taking a slab eif chalk, reducing Its sue lace to as smeioth a condition as }Miisible% dinw 
mg on It with an ink ceimposed f silieati of wtash (water glass) and indigo, then, 
when the sketch was dn, by brushing away the surface with a elry bnish (tbe InieK 
of the drawing being virtually converted into stofic, they will wiilistaiid the frution 
of the brush, while the intervening particles ars easily removed), and saturating tlie 
niaM of chalk with liquid glass, he. had a block nwdy for pnnting from in the ordi- 
nal y way by burnishing 

'I his experiment was saecessful, and after sevi*ral trials tbe following method has 
ht en adopted as the most perfect A chalk surface upon a mcullic plate is now 
a<lopt«d French chalk is ground to the finest powder, then the coaraer par« 
iiclct st^parated fWim the finer by bitng thrown into water, tbe sediment which first 
subsides IS removed and ground again , this is repeated several ttmes. Next, die 
powder ii repeatedly passed through a wire cloth which contains lOjIXKl holes to the 
square inch, and is then laid between a smooth metallic (xlnc) plate and a smooth 
steel plate, and sabmitted to mtense hydraulle pressure, then, after tbe ebnlk snrfave 
IS sis^ it IS leady for the artist The pencils employed by tl ** artist ike of sable- 
hair, and the ink is composed of lamp-black and glue When ihi drawing te finished 
the niibee Is gently rubbed with atfk velvet, or fitch huhr-bmshes, uotU the chalk 
between the Inked lines u all removed to the depth of abont the eisjith of na inch. 
After this the block has only to be hardened, which Is done by soaking it In a eoltt- 
tion of an alkaline silicate (water glass); by tbismeant the whole of the chalk k con- 
verted into atone. 

Thii petfified block is not used to print with, as it would not stand the wear and tear 

\oL. 11. MM 
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It would be lubjeeted to in the printing preu, but a mould Ib taken of it, from which 
0 t}|»o metal cast (a atereotype) ib made, and it is thle atereol^pe from which the im- 
prcBBions are taken 

One of the great merits of this new procesB is the extreme delicacy and prcciRion 
with which the &nest linos are produced, and the accoFacy and rapidity of produc- 
tion are the two great recommendations of the graphotype. A sketch made m the 
morning may be multiplied by thousands by the evening The mphotype is a most 
viiluabk invintion, and it seims probable that it will supersede the old wood engrav- 
ing to a coTiHidcrabte extent u is cliiapcr, more accurate, and more rapid of produc- 
tion, but still It possesses all the advantages of the ordinary block 

(iRASS OIL A fruginnt oil which ts ixira'*tcd from a peculiar Indian grass , 
it IS generally culled the tfrans oil of Nkmaur (Irass oil, on account of its odour, is 
oAtii termed lemon glass or verbena, it is dinged irom the Andropogan Nat Hut, a 
spec us of grass which is now ngiilarly cultivated m Ceylon for the sake of the 
tsvntial oil which it ^ulds by distillation, about 10,000 lbs of nhich aie imported 
unnuiillv 

(aHATH, a mtmuq iftm A metui plate purcid with small holes — it is Axed n 
fiont of the BtanipH in which the oio is pouiulid, and through the holes the fintly 
tlividid inattei makes itn isinpe 

GllAUWAlKi: or GUFAWACKi: Crau, grey, tLatkfi, ch> A Gcriinu 
iinmt, often adoplid by giologistb lor some oi the most ancunt fossiliOrous rU itu 
'lilt rock 18 often of a gre) colour, hence y/au, German for qiey^ wache being a 
provincial iniiin b firm 

The (in>wackc roiks are stratiAid or slaty rocks, which may be regnided as h* ir- 
in,; the same relation to cIim slates that argillaceous sandstones and conglomerates 
bini to coiiiuioD cla} Argillaceous slate, by including rolled fragmcMits or minute 
grams of quart/ sand, with or withont mica, becomes the grauwacke or grauuuche 
Jati of Wi'ruor Although at one period, the term qtauwaike or qnywaMvf^ omployid 
U) include the Cambrian and Silurian slates, the term has uow nearly dropped out of 
the geologic 111 noiiienclatiire 

G K A VITY The term usually applied to the action of the Earth’s gravitation. 

GK A VITY, RPECIFIC The difference in weight between a given mass of any 
body wi ighed in air, and the same mass weighed in water, if its spcciAc gravity. For 
11 (h scription of the ses cral methods by which the fpeciAc gravity of any body, eitiier 
solid, Aiiid, 01 aeritorm, may be determined, we must refer to Watts **I)ictionary of 
I'hcmistry,* or to on> woiks treating of the inanipulatoiy details of ph>Bic or 
chemistiy Ihe loluiwing tabic may ht found ubclul , — 


Tabk Specific, Gravity 


Metals. 



Si ONI 8, 

I- AKIIIS, 

8c 



Names 

Weight, 

W«ur 

Ueliig 

1000 

Numlirr 
ot rubli 
inchei ill 
s lb 

Weight 
qf a cubic 
luih fn 
Ibi 

NKinof 

w I^hr, 

MfAier 
bell g 
1000. 

Weight 
of ■ cubic 
foot, in 
Ibi 

Null Iki 
of Cilllic 
feet in A 
ton 

Piutina 

19500 

1 417 

•7053 

Marble, average- 

2720 


13 


4 

■ a 

19258 

1 435 

6965 

Granite, dfiito - 

2651 




CO 

O' 

o 

o 

2 038 

*4904 

Purbcck stone - 

2601 

162 5b 

>»; 


Lead- 

11352 

2’435 

*4105 

Portland ditto - 

2570 

160 62 

14 


Pure silver 

10474 

2 638 

*3788 

Bnstol ditto 

2'i54 

159 62 

14 


Itibiiiuth - 

9823 

2 814 

*3552 

Millstone - - 

2484 

155 25 

14j 


i opper, oast 

8788 

3*146 

3178 

Paving stone 

2415 

150 93 



„ sheet - 

8910 

3 103 

*3225 

Craigleith ditto - 

2362 

147 02 

15 


Hiobs, cast- 

7824 

3*533 

*3036 

Grindstone 

2143 

133 93 

*Sl 


„ sHeet 

8396 

3 293 

3037 

Chalk, British - 

2781 

173 81 

laj 


lion, cast - 

7264 

3*806 

*263 

Brick 


125 00 

17 


„ bar - 

7700 

3 592 

279 

C'oal, Scotch 


81 16 

27j 


Steel, soft - 

7833 

3 530 

*2833 

„ Newcastle - 

1270 

78 87 

28j 

[ 

„ hard- 

7816 

3 537 

2827 

„ Staffoidshire 

1240 

77*60 

29 


Tin, cast - 
Zinc, cast •* 

7291 

7190 

8 790 
3'845 

*2636 

•26 

„ Cannel 

1238 

77*37 

29 
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OREEBE A irater bird, PoActpmm irutetar, ilM great creeled or ttpoct mebe 
It 18 aboTe the eue of a gooee, and a nattTC of England, being found in toe fons of 
Shropehire, Cheebire, end Lincolnshire, where thcT are called gaanla. Tkia bird le 
valuM for the plnmage of its breast, which is nm&n admired by kdiee for asuflb, and 
used for trimmings 

GRAPH IC GOl.D A telloride of gold and silver found in TranejlvanU. 
GREEN EBONY of Jamaica This is a wood of a brown gtecn oohmr It is 
derired foom the Amertmnum EbeHM^ and is used in turnery and for nutriartry work. 
—See MABauKTnT and pAuaerKTar 

GREEN HEART A wood brought from Jamaica and Guiana, the produce of 
the laMn^dthhrorybm It is used in shipbuilding BaneroA, in his UnutHOfihm 
rksenbeM it ** The Sipkra or Oreenhoart tree la in aise like the loeuit tree, about 
bU or 70 fleet high , there are two siieciet, the black and the yeUfW, dMforiug only in 
the colour of their bark and wood ** 

OKI £N IRON ORF A native phos]ihatc of iron 
GREEN LEAD ORE An arsenic phosphate and chloride of lead 
GREFNOCKI TE Native aulphate of cadmium It occurs in small, but very 
perfin t and brilliant abort hi xagonal crystals, in a porphyntie greeuatone, on prehnite, 
and aMKiciatcd with calcito It has been found m a railway cutting at Biahopstown, 
rear Paisley, and at Bowling, near Old Kiikpatriek It was first observed by Lord 
GreeiMKk, now Earl Catfaeai^ hence its name 
GRk t N PAINTS (Couleurs vertet, Fr , Grune Pkymsiitp, Germ ) Green, which 
IS so common a colour in the vegetable kin^om la rare in the mineial There is 
only ou< metal copper, which affords in its combinations the various shades of 
giicn in gtnerul use The other uictaU capable of producing this colour are, chro- 
iiiiiini lu Its sesquioxide nickel in its hydrated oxide, as well as its salts, the lele- 
niute arse mate, and sulphate, titanium in its prussiate, and some of the salts of 
uranium 

GUI F\ PTGMl NT Under the name of “green cinnabar,*’ Vogel describes a 
new colour Prussian blue is dissolved m oxalic acid, chromate of potash is added to 
this solution, which is then precipitated with acetate of lead 1 he precipitate, well 
washed dried and lesigatcd gives a fine green powder By varying the proportiona 
of the three solutions diflerent shades of green may be produced Another method 
lias been given b} Dr Llsner Make a solution of yellow chromate of potash and 
another of >c]low pruMiate of potash, then mix the two, dissolve separately in 
water some acetate of lead and inm, and add this solution to the others By preoipi* 
tatiDg the first two solutions by the third, a green deposit is obtained, the tint 
depending on the proportions employed 

Green pigments an prepared also by the mixture of yellows and blues ; as, for ex- 
ample, the green of Rinman and of Ueliert, obtained hy the mixture of cobalt blue 
and fiowers of rinc , that of Barth, made with yellow lake, prussian blue, and clay , 
but these paints seldom appear in the market, because the greeua are generally ex- 
timporaneouB preparations of the artists 

Mountain green consists of tke hydrate, oxide, or carbonate of copper; either 
factitious or as found in natuic 

Eremen or Brmawick green is a mixture of carbonate of copper with chalk or hme, 
and aometimea a little magnesia or ammonia It is improved by an admixture of 
white lead It may he prepared by adding ammonia to a mixed solution of sulp^to 
of copper and alum 

Fnae green is prepared with sulphate of copper and sal ammoniac 
Miitu green is an arseniate of copper, made by mixing a solution of acetate or sul- 
phate of copper with arsemte of potash It is in foci Scheele's green 
Nap green is the inspissated juice of buckthorn bemes These aiw allowed to fer- 
ment for 8 days in a tub, then put in a press, adding a little alum to the Jnioe, and 
concentrated by gentle evaporation It it iMtly put up u pigs* Uadders, where it 
becomes dry and hard See OoLonaa, Tabk qf 
GREENSAND The term Greensand applies to the strata lying between the Chalk 
and the Wetlden depoaita They are of marine origin, as it denoted by the nreience 
throogbont their entire thiekneaa of sea shells, and are divided into an upper and 
lower senes, sepaimted by a stratum of clay, called Qaui« (which see), ne Upper 
Greeneamd^ which underlies the Chalk Marl, is composed chiefiy of caleaieons sim in 
the lower, and of Sandstone and layers of Chert (a eompaot fiinty roek, eee CtutaT) 
in the uppermost jMTt (see Fnasroai). The Sandstone affords a good and durable 
building stone The Chert is well adapted foom its toughness for making mda, and 
the sandy portion, in addition to Its naefulneia aa a component of nwitar, fonuchce 
an excellent agncultural iml, from the calcareous matter it contains, In addition to the 
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large iHTcvatoge of foloblo lilica entering into Ha Kompositkin, irhich aomedmei 
•niounte to more than 40 per cent. In 8oiiex» Huitey, and Xent« the land baaed upon 
the IJpfKT Gri'enaand ia known by the name of ntal^ and producea the greater j^rt 
of the hopa for which thoae countice are celebrated. In the netgh&urhood of 
Godfilono and Merathum, In Surrey, extenaive quarries are driven tuto the hills, 
at the base of the chalk dou na, for the purpose of procuring the at>ft and chalky 
alone which occurs tliere in the higher portion of the Upper Greensand, for which 
there ia a large demand in l^ondon, for cleaning door-atm and stonework in the 
fVonts of houhcs, under the name of heurthgUmra, A plentiful supply of pure water 
is home up by the impermeable strata, forming the uppermost part of the Upper 
Greensand, which finds its way out of the ground near the base of the Chalk, and 
forms the sources of many streams and rivers. 

'J'lie Lower Grcenaand consists of alternotions of sands, sandstonea, and clays, which 
are often very ferruginous, so much so sometimes as to constitute a siliceous ore of 
iron, as is the rase at Seeiid in Gloucestershire, and Shotover In Oxfordshire. The fer- 
ruginous sands form the iron-sand of Dr. Suiitli. The Lower (treenBand, also, contains 
beds of Fuller*! Earth, which are worked at lloigate, aud they furiiihli a durable and 
usefhl building stone, known by the name of Keutish Rag, and quarried extensively 
in the neighbourhood of Maidstone. 

The term Greensand, though applied to deposits of considerable thickness, is, in fact, 
only stricth applicable to certain minor portions of them, which are marked by the 
pr<‘s<.*nce of minute grains of green silicate of iron (the glauconite of American mine- 
ralogisU). Those impart a colour to the beds in which tliey occur, which has given 
the name to the entire fiirmation.— ll.W.B. 

(JRFRN, SUHKF.LEX An anenito of copper. 

fjiKEEN ALOKE. Gha httaama^ the broad green layer. See Aixije. 

GREENSTONE. Mineralogically , greerutone or diabase is pyroxene with liubra- 
dorite or oligoclasc. Popularly, the term is applied to varieties of Trap. ** Green- 
Htone is a dark and heavy blackish green or brownish rock, consisting of felspar 
iiiid hornblende; it usually has a crystalline texture, hgt is sometimes coinpai't.*' 
•Dana, 

GREEN, ULTRAMARINE. This is artificially prepmed in France and Ger- 
many, and employed, instead of the arsenical greens, for printing upon cotton and papiy. 
S(*0 Ul.TnAVI4Rl1IK. 

GREEN VITRIOL. Sulphate of iron. 

GllECiORITE. See MhNACCAMiTE. 

GRENADA COC US or GKENADILLO. This wood, imported firom the West 
Indies, is called red elmny by tlie French cubinet-makeis. 

GREY ANTIMONY. A irisulphidc of antimony. Sec Antimony. 

GREY (M)PPER. A sulphide of copper. Sec OorPKH. 

GREY DYE. (Trmfure grur, Fr . ; OrayfiitU, Gerui.) The grey dyes, in their 
numerous shades, are merely various tints of black, in a more or less dilutiHl state, 
frYiiii the deepest to the lighlc*st hue. 

The dyeing materials arc essentially the tannic ond gallic acid of galls or other 
nstringents, along with the sulphate or acetate of iron, and occasionally wine stone or 
crude tartar. grry is given for SO pounds of woollen stuff, by one pound of gall nuts, 

( Ih. o<‘ wine stone, and 2^ lbs. of sulphate of iron. The galls and tlpr wine stone being 
boiled with from 70 to 80 pounds of water, the atuff is to ]Mmed through the 
decoction at a lioiling heat for half an hour, then taken ont, when the baffi being re- 
iVeshed w ith cold water, the copperas is to be added, and, as lOOgAS It is dissolved, the 
stuff is to be pii^ and fully dyed. Or, for 36 pounds of wool ; 2 pounds of tartar, 
^ pound of galls, 3 pounds of sumach, and 2 ponnds of sulphate of iron an to he 
taken. 'J'hc tartar lieing dissolved in 80 pounds of boiling water, the wool is to lie 
(iirned through the solution for half an hour, ajuiUkgP taken out. The copper being 
filled up to its former level with fresh watcU, the dfOOCtion of the galls and suniaoh is 
to be poured in, and the wool Imiled for half au lioor in the bath. The wool is then 
taken out, while the copperas is being added and dissolved ( after which it is replaced 
in the hath, and dyed with n gentle heat 

If the grey is to have a yellow oast, instead of the tartar, its own weight of a'um 
n> to be taken *, instead of the galls, one pound of old fustic ; instead of the copperas, 
I of a pound of Saltshurg vitriol, which omsistB, in 22$ parts, of 17 of snlpnate of 
iron, and 5J of sulphate of copper ; ttien proceed as aWe directed. Or the stuff 
may bo first stained in a bath of fiutie, next in a weak bath of galls with a little 
oliiin ; then the wool being taken out, a little vitriol (common or Saltebnrg) is to 
put in, previously dissolved in a decoction of logwo^ ; and in this bath the dye » 
completed. 
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pMrloprtjf Is pfodttced by pMilag Ui« stuff first thronKh aficcoetiim of sumach and 
lof^ood (fi lbs. of the former to 1 of the latter), afiervards throuj^ a dilute soluticui 
of sulphate or acetate of irott } and fioiahing it la a weak bath or weld ooBtaSoing a 
little alum. Moim-grr^ is obtained when, with the saana proportloai as inr ash-grey, 
a small quantity of alum is introduced. 

For seTeral other shades, as tawny«frcj, lrfin*|pni 7 , and (dale-giey, the stuff 
must receive a previous blue gtouod by oipping it In tha tudiga vat i then it is 
passed first throui^ a boiling bath of suinaoh with galls, gid MsUy through the 
same bath at a lower temperature after It has received we pwpar quantity of sdution 
of iron. 

For d}ciiig silk mvy, ftistst, logwood, sumach, and elder tree bark, are employed 
instead of gfdls. Archil and annotto are flrequently used to soften and bruotify the 
tint. 

The mode of producing grey dyes upon cotton has been explaioLd in the atiiclas 
Cauco Paumito and Dvbino. 

GRINDINO AND CRUSHING MACHINERY. Chakha MtB. This 
machine was introduced into the mines of Cornwall and Devon In the early part of 
the present century. In Its simplest form it oonnsts of two rdliers mounted in a strong 
iron fVuuie, and kept in contact by means of screws ; motion Is comnmnicated to one 
of the rolls, either by a water-wheel or steam-engine, but the other is made to revolve 
by thi friction geucrated between the moving roll and the stuff to be crushed. This 
null IS usually employed for rednofug mineral substances which have already reoeiv4'd 
Hfime mechanical nreparation, but machines have been contrived with a series of rolls, 
set Itolow eaeh other, into which the stuff is introduced as brought from the lode 
uoder-grouiid. dn order to effect this operation, the upper rolls are fluted, and the 
lower ones have various speeds and diameters, but it may be remarked that although 
this arrangement has N>eii somewhat extensively empIo}ed in the north of England, 
yet it has found few advocates cither in Wales or Cornwall. 

The practice of keeping the rolls together by screws acting on the bearings is ob- 
Jcctiouable, since tlic entrance of a piece of steel, or other bard substance of greater 
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width than the fixed opeumg between the rolls, laiiiiediately produces a stoppage and 
strains the apparatus, or otherwise causes serious breakages to some of the parta. In 
order to obviate these evils, the rolls are usoally ai^uiied and iM In pdaitiQii W 
weighted levels pressiiif ou their axis. 

As the asaohinet amj^ad in Cornwall may be eonsideKd the most effketire ia 


534 GEINDING AND CRUSHING MACHINERY, 

operation as well os complete in their oonttrnction, that type ii selected for repre- 
sentAtion. 

uni fig, 093), are the crushing rollers fitted in a strong frame- work of cast iron, 
which is stayed by a wrought iron bar 6, and firmly bolted to longitudinal beams in- 
serted in the walls of the crushing-house. The rollers rerolve in bearings, which are so 
arranged as to slide in grooves, and therefore admit of the cylinders being brought 
nearer to or separated farther from each other. To keep the rollers in contact and 
yet allow the action to take place, a weighted lever a is placed on each side, which by 
means of tension bars connected with one of the bearings, keeps a constant pressure 
upon the rollers. The ore to be crushed is lodged upon a floor c, and introduced into a 
hopper D, fnw which it falls between the rolls; the requisite crushing pressure being 
attained by increasing or decreasing the weights applied to the end of the lever. The 
crushed ore passes ftom between the rollers b b into the higher extremity of an in- 
clined cylinder b, made of coarse gauze, or perforated plate, which being set in 
motion by the same power as the rollers themselves, separates the pulverised material 
into two classes. That portion which passes through the sieve falls into a WRggoii 
placed on the floor of the house, whilst the other, which is too large to escaiie through 
the openings, is carried to the lower end of the cylinder from whence it passes into an 
inverted bucket-wheel r, by which it is again conveyed into the hopper to be ro* 
crushed. 

The modifications to the foregoing arrangement may be thus briefly noticed. 

In some machines the feed hopper is made of suflicient capacity to hold from 20 to 
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25 cwt. of stuff, which is introduced hy means of a tram waggon, and renders band 
fevdiug unnecessary. The shoot conveying the crashed ore to the rotating eiev^Vi 
IB sometimes divided at the bottom into two parte, one to ddiver ioagli« ana the etw 
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fiop stiifF. In connection irith each division, it a cylindrical riddle moWing and 
separating the work according to the dueness or coarsenew of the mesh employed. 

A circular sieve divided midway into two parts, each of a diffi^rent mesh, is in 
some instances, advantageously substituted for two sets of sievei t whilst, in other 
cases, circular sieves are omitted, the operatbu of ailing being performed hj fixing 
perforated plates on the periphery of the inverted Whei I. 

Instead of one roll being drawn towards the other, they arc snore commonly kt|^ 
in eontact by direct pressure, which is effected as shown in 994, 996. 

A, lever hung to the cast-iron frame n at c, and pfwsing npoit pin at a When it 
is required to change the rollers, the pre*i»)ure resulting from the lever a anti weighted 
box K, u relieved by means of the screw tackle r. 

The eonsiderations which should be attended. to in constructing a crushing mill, 
are, first to make all the parts suliicienti v strong to meet the varying resistanoes which 
continually oeeur in cnisbing. For this purpose, the framework to receive the rolls 
ought to bo of good cast inm, the axles eff the rollers ol tu'st m rough t iron, and the 
cylinders of the hardest and most uniform metoL^ andly. To design the machine, so 
thtir the matter to h*' crushed may be readily delivered Into the hopper, sixed by the 
circuhit sievei,for the dressing process, and such portions as are not ptoperly crushed, 
returned to the rolls without the intervention of manual labour. In order to effect 
this, the inverted, or raff wheel d, fy. 9^5, shown in section, ought to be made of 
8ul)i( lent diameter to allow the stu^ on being discharged, to descend by its own 
gra\ ity, into the fecMl>hopper. 3rdly. To extend from the axis of the rollers, long 
tninhiiiig shafts, a a, Jig. and fix on their ends the driving wheels n d, allow- 
ing a little p1a\ in the plumiiier blocks, so that any undue opening of the rolls 
iiiaynot vary the pitch line of the wheels, u b, to such an extent os to endanger tho 
safety of the teeth. ^ 4thl). 'I'o construct the roll so that it may be readily ch^anged, 
yet maintained on its a\is without slipping when in motion. One of the most efficient 
plans for this purpose, is shown in the foUowing woodcut, in which A is the axis or 
aibor, and n the rolL 
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It will be seen that the cylinder roll is fitted with four internal projections ; these 
are of the same length as the portion of the groove marked bb', but no wider than 
the narrower part of the groove c. When tlie cylinder is to be fixed on the axis, the 
studs are introduced into the recesses c, and the cylinder advanced into its working 
position, when it is turned until the studs fit into that portion of the recess between 
B b', and which are then wedged to the roll by a close-fitting cutter. 

Sthly. The diameter of the rolls should be decreased, and the length increased in 
proportion to the fineness oi tho stuft to be^ crushed, since a fine material requires a 
longer line of contact, and not so large a grip as coarser snbstancei. 

lu practice it hns been found advantageous to make the roller placed on the driving 
shaft somewhat longer than that which is opposite, and to work the rolls by spur 
gearing rather than by friction, since the latter is proved to fUmisli less economical 
results than the former. It has also been found injudicious to harden the roils by 
chilling ; hence ordinary sand cast rolls are most ftr^nently employed. 

The speed of the rolls varies from 49 to 60 feet per minute, but this necessarily 
differs with the character of the stuff to be crushed. Again great variation is ex- 
perienced in tho quantities crushed within a given period, since a small amount of 
moistnre in vein staff of a certain class, makes it cake, and will thus oonsideraMy 
reduce the produce of the mill On the other band, if the matter operated upon, he 
very dry, heavy, and brittle, as in the ease of some varieties of lead ore, the prodnee 
mav be mneh increased, since the mill can he driven at a great speed ; n less balk 
will have to pass for a mven weight, and there will be a smsTler quantity of material 
carried hack by the raff wheel to be reerushed. 

Variable apeeda have sometimee been tried in order to prodnee friction together 
with pressure at the line of eontact, hut it has been found that any departare nm a 
nnifonn speed on the two snrfoces, ahaorha a oonaiderable additiomu amount of power, 
without materially augmenting the reeulti. 

The variooa dimensions and veloeittee of the rolls, ornihing force, and power em» 
idk^ed, effective value of diffierent mills, foe., now in uae, may be gutheied by mforrlug 
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Afra<^frf o) Uihona ^Thih machine is cxtcnbivily employed in the mining distnitA 
oi Mexico, foi grinding silver ores pievious to their amalgatnAiion 

It conbiHtb of «i sttong wooden axle a ( fuf 027 \ moving on a spindle in a beam b above 



It, and resting on an iron pivot beneath, turning in an iron bearing, which Is insert^ 
into a post of wood c, which rises abont a ibot above the ground in the centre of the 
arrastre. The shaft a is erossed at right anglea bytwo atrong span 9 D, wbkb ibnn 
lour aims, each abont 6 feet long, one exoeptedf which is 9 net long, to admit of two 
mule* iieing attached to it i by tins arm the machine is worked. Tfie grinding is per* 
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formed by Smr large porphyritio or loaoltie ttoMi, two tt vUeh wo dMnnii » m 
Thciw are loosely attached by thong* of leather, or imaU siaed rope^ to tho imr arms, and 
are dragged round over the ore,whioh ia put in with water, natil it ia fro and to aver/ 
dno Blime or mod, eaUed the lama. One of these maehines, wiMa itt flood wotUafl dydi- 
lion, will grind from 600 to 800 pounds weight of ore to tweilty-d>nr hom , “Gua- 
naxuato, where the beat and flnest grinding is ohiaimHl kn the avrai^ the lW%or 
foundation and the grinding stones, are of oo«m,grai^ Mrphv^ry«and 
rough surface. The cost ^ this apparatus in Maamo, Om paving of fte 

bottom, and the four metap^ei or stones, is on SB average 74 tna original weight 
of a inetapile, is about 700 pounds, its dimcmiona are 2 fort 8 hiohcs long, 18 Inchw 
broad, and 1« inf hes deep. Jlotwitbstai»din| the hirdncM of (he stones employ^, 
they air so worn ah to hiH.H>ine nnservkeable in the ooursi* of ten or toeWe Weeks i tlic 
bottom, however, is oid) roplaeed once in twelve mwthi. . ^ , , , , * 

'I'liiA apparatus is well suited to patio amalgamation, but it affords bad reealti for 

macbhie is employed for the purpose of reducing gold and 
siUer oNfc to an imtialpabb* |>owdcr. It is also used extensivoly in grinding flmts 
Stones, *«hgs, and a variety of'othcr products, llovever much the details of this 
apparatus may vary, its principle is the same in all cases TVo vertical runners 
rotati* on tho outer circumference of a flat or slightly conical basin and afford a 
fnciioinl or gnmling art a etjual to the difference of distance performed by the inner 



Flintaliira. a, rotating pan, raitiDg upon frietional wheels b ; c, vertical •haft firmly 
keyed to pan ▲, to which motion » eonununiented 1^ wheel gearing nt. The nutnera 
n u revolve on arm v, and may be of caat iron or or 110110 bound irith a ring of itfiii. 




n^H GUINDING AND CRUSHING MACIIINCRY. 

Thcnp rnnncr^ hnve no progrewive motion but have free pla^ to rise or fall on axis o, 
and in tht stay slots oo 

/hi following dimensions and particulars are dciived flom one of the edge nulls 
riK ntlj working at the Fabnca 1 a Con^tante la the province of Guadtlajaia hpniii 
Diameter of edge runner ----- 6 feet 

Width of do do ----- Centre 20 in edge 16 in 

Weight of do do - - - - - tons 15 cwt 

Spud of runner ------- 200 feet per miiiub 

Diameter of interior circle of runner - - - 4 feet 

Gauge of stuff previous to its bi ing ground - - 10 holes to the lineal inch 

Do after it leaves the null - . . 60 „ , 

Quantity of stuff reduced per 10 hours - • - 350 lbs 

llorse power employed ------ 7 

In some machines erected at the Real del Monte mines in Mexico the stones wci e 
6 fit t in diameter and 12 inches wide J luy were fitted with a ring of wrought non 
) me Iks thick Each pair of runners revolved round a centre on its own axis in a 
east iron bisin of which the bottom was 7 me lies tlmk At fiist good rcHulta were 
oht lined each mill if kept constantly at work groundncurly ten tons per week , but as 
their axles and pirticularly the wrought iron rings and cast in n h ittoms, begin to 
wear hollow and to lose an even surface, the grinding rapidly diminished, and with 
one years work they were completely worn out 

I lu chief advantage of this machine is its simplicity of oonstruction and consequent 
smill first cost , but all its parts rcqutie to be made of gieat strength, and theicfore of 
proportionate weight , hence, in addition to the rapid wear to which it is liable, this 
apparatus becomes objectionable for countries where tiansit of heavy machinery is 
nioie than ordinarily difficult and expensive 



ffcmmialmtU -—For the pnrpoie of redoeing avnfenms iad argentiibnmf orsf to 
an exceedingly fine powder, and where dry grinding ii esaential, no appmlae w 





GRINDING AND CRUSHING MAGHINERT. 539 


been found more effectual than the horlsontal m'llL It aflbrds the largest area of 
fVictional surikce for the least itear and tear, and aeoompUshet equal reeoHs at a cost 
not exceeding one-fourth of that incident to the edge mOl. 

The construction of the horiaontal mill erill he rendered intelligible by the aid of the 
preceding illuatration,^. 929, in irhich one pa»> of Stones Is shonn In seetioiL ▲ is a 
circular hopper, into which the stuff to be ground is iiitnHlaoed; n% small pipes pf 
sheet iron, for deliTering the stuff between the snrdMes of the nmner o and bed-stoM 
c' ; D, casing enclosing the runner into which the ground material Is delivered ; 
E, hole in centre of runner ; r, driving-shaft, with oontinuatioB shaft o, for giving 
motion to a Jacob's ladder If requisite , n ii', regulating screw for elevating runner c ( 

driving' wheel; x, crown-wheel ; L, whecd giving motion to pinions mu'; and N, 
vertical hhaft, to drive any supplementary apparatus which may he Teqainng such, as 
si/inc' sie\e, &c. Four pairs of stones are usually driven by the wheel l. Tlic 
surtiui of the runner is in eontaci with the bed-stone, from tie periphery to within 
one til ml of its diameter. The line of the runner then feethers upwimU, in order to 
r( ne the stuff freely and to equalise the resistonoe throughout the area of the bed- 

htOIK 

'1 he following particulars will convey mucb practical information relative to this 
machine . — 

Dmmeter of stones - - • - - 4 feet 2 inches. 

'] hickness of bed -stone .... 12 inches. 

Ditto runner • - • - **14 inches. 

No. of revolutions of stone per minute - • 108. 

Gauge of stuff in stopper - * - - 100 holes to the square inch. 

Ditto oiidelMcry - - 3600 ditto. 

Quantity of stuiT ground iwr 10 hours - • 1 ton per pair of stones. 

Power employetl tii horses - - . . About 5 per ditto. 

Revolutions of sizing sieve - - • - 23 per miiiuto. 

Diameter of ditto • • - *30 inches. 

Length of ditto .... los. 

No. of holes per square inch m sizing sieve - 3600. 

(character of runner . - - • • Coarse conglomerate. 

Ditto bed-stone .... Compact quartz, moderately hard. 

Duration of runner . • • - . Average I R weeks. 

Ditto bed-stone . - - • - Ditto 22 ditto. 

When dressed Every third day. 

From a aeries of practical experiments made on the same stuff by tliese several 
mills, the following results have been obtained: — 














6^0 OUmDlNG AND CRUSHING MACHINERY. 

in coniK*<|iitinc(‘ of the coiihtaiit jolta given it b} a crunk-rod, t (fiy. OSl), attacbcd 
to If, and moved by the teeth of the ivlieel m. The shoe ib bo regulated, that too 


9.10 9.11 



much ore can never fall upon the cylinders and obstruct their movement. A biiull 
btream of water ib likewise let into the shoe, which spreads over the cylinders, and 
preventb them from growing hot. The ore, afler pobsiiig between the fluted rollers* 
lulls upon the inclined planes n n, which turn it over to one or other of the pairs of 
binooth rolls. 

'I'hese are the essential parts of this machine i they arc made of iron, and the smooth 
ones are ease hardened, or chilled^ by being cast in iron moulds. The gudgeons of 
lK)th kinds move in brass bushes fixed upon iron siipfiorts A, mode fast by bolts tp the 
strong wood- work basis of the whole machine. Each of tlic honaontal bars has an 
oblong slot, at one of whose ends is solidly fixed one of the pl\immer' block or bearets 
of one of the cylinders /, and in the rest of the slot the plummer-blocks of the other 
cylinder g slides; a construction which permits the two cylinders to come into contact, 
or to recede to such a distance from each other as circumstances may reijuire. The 
movable cylinder is approximated to the fixed ones by means of the iron levers x x, 
w hich carry at their ends the weights p, nod rest upon wedges m, which may bo slidden 
upon the inclined plane n. These wedges then press the iron bar o, and make it np> 
prouch the movable cylinder by advancing the plummcr -block which supports its axis. 
When matters are so arranged, should a very large or bard piece present itself to one 
of the pairs ot cylinders, one of the rollers would move away, and let the piece pass 
without doing injury to the mechanism. 

Besides the three pairs of cylinders which constitnto essentiallj each crushing machine, 
there is Bometi|fi|a fourth, which serves to crush the ore when not in large fragments, 
for example, tneraats and cutHnga (the moderately rich and poorer pieces), produced 
by the first sifting with the brake sieve. The cylinders composing that accessory 
piece, which, on account of their ordinarr use, are called ckaU^rotkra, are smooth, 
and similar to the rollers z z and llie one of them ia nsudly placed npon the 
prolongation of the shaft of the water-wheel, of the side opposite to the principal 
machine ; and the other, which is placed alongside, receives its motion from the first, 
by means of toothed wheel-work. 

MachwotUCa Patent Cnuking RoRetay figa* 932 and 933, for Coal and other 
Minerals. These rollers are made conical to equalise the wear, and as one roller 
travels ftister than the other, the ftagmenta are partially tamed over, so ea to 
present their weakest line of fracture to the direction of the croshing force. 
power is r<>qu{red to work these roUen. In lien of the counterbalance weight uioally 
employed to allow the rollers to separate and paae exeesrively bard ftanenta, ai^ to 
bring the rollers together again, the machine ia made more oompaot ana ilmpllfled by 
mnecting 2 brass collars, m which the rollers worit by a nnmber of baodi or corda, 
TO vulcanised indiambber strongly stretched. A oampound cord of Indiambb^ 
8 inches in diameter, composed of 144 small and iepatnte oorda, when itrecohad 
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to double it! natural length gives a strain of 3 ions. The bioss collars do not 
lexolw. 

m 



ORINDSTOMK. OrindiDg-stones or grit-stones, are rarietios «if sandstone, most 
of those which are cclebrmttd being obtained ftom the landstonet and miitstocie erits 
of tlie coal measures. Mr. Kuight describes the best kno vn varieties, wbudi am the 
foUowiDg:*— 

NnwcARiB OiiMDfiTottKs. Thcsc abound in the coal districts of Nortbomberland. 
Dorbai^ Yorkshire, and UerbyAire. They are seJeeted of different degrees of coarse- 
ness and densit y, sw ording to the work for which they are required* 

BiurroN GuxDmnn is a similar deseriptum of stone, of great exocISenee. of a 
lighter wlwr, mwh finer, and of a vem sharp nature, and at the sane time not too 

0* lUnlied extent near Biliton fai fitaflbfdslUfe 

where it lies above the coal 
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WicKFRausr G RiNDrroNSi These are obtained Arom a village about 9 miles east of 
Shiffleld, and are much used tor the finer description of edge tools 
hHFF^iri D GiUNDSioNfe A hard coarse gnt stone, used for grinding large files and 
the like , it is obtained from Hurdsley, about 14 miles north of Sheflitld 
Dsvonhiiirii. IUtth, an obtaintd near Collunipton. 

>oRKSiiiRK Grit nnd Cunuirion Ghif, are other vaneties from which gnnd- 
sloniB are nianufuctured 

Bohr Ktonfb These are very cekbrated , they are found at Ferte sous- 
jouaire (Seine et Maine), and are said to be unequalled for grist mills The oombiiKd 
roughness and baldness of this tertiarv quarts deposit give it immense ad\antages 
'J he stones formed of this rock ore usually pieced, nhich renders them very expensive 
0 IllS-PnilLH The name given by the French dyers to a gray produced by the 
action of sulphuric acid on aniline violet It is much used m dyeing silk Ste 
Ami INI' 

<iKl r A peculiar hard sandstone Sec Miilstoml Giirr 
(rItOATS, EMIUIFN — When oath are deprived of their integuments, the > are 
e alli d r/rooto, and when these ai c ci ushed, they are known as Luibden groats Oatnie il 
IS pn pared by giinding the grains 

Git OS DP NAPljLb A plain silk fabiio woveu of organzme silk, with much 
iieatiuHS and care 

(j HOUND IVY. Nipeta GIcchmo Ihe liases of this plant were formerly 
thrown into a vat miiIi ale, to clanfy it and giee it a fiavour 

GHOVL or GROOVP A mining term in Derb}shirc “ The mine, oi work that 
a inun is employed in Hence it is, if a qiustion be asked, Where is Pom to day ? — lie 
IS gone to the giooAe, he is at the groove Somi times it is used for the shaft, and 
miners aie eoininoiih e died gruoiirs** — HoosotCh Minor's Duiionary 
GROWAN A local term applied in Cornwall to giamte in an imperfect state, 
( ither through decomposition, or irregular formation It is said that the term is some- 
times applied to the solid granite Wc have never hcaid it so used, and the miners 
and till quill ri mm draw a well defined line beta ten a granite and a growan 
GU VlACuM (Galne, Pr , GuajahatSt Geim) Both the wood and resin are 
inqmiti 1 , thev are used mcdicinilly It is known that, after the discovery of the 
NtH World Mhen th( first s> philitic diseasis showed themselves mPurope, the origin 
of whieh y> is eiiontousl> usciibid to Santo Domingo, the gudiacum wood was con- 
Mdiitd us h|HCilic \gaiii8t Ihm diK ise The historian Herreia informs us that one 
pound of the wood was at that luriod paid in Spam with seven piastres The gum 
winch (\ud«.b ftom the wood, and possesses, as it may be conceived, the medicinal 
4|uilitus in a much highei digree, is now valued at sevcnpence per pound llie 
qiimtity exported from Santo Domingo in lb55 amounted to 11,883 lbs, valued at 
£f71 --Consul's Report 

GIJ ANO 1 1lls extraordinary excrementitious deposit ot certain sea fowls, whu h 
occuiB in immense quantities upon some parts of the coasts of Peru, Bolivia, and 
Afiica, has lat 1} become an object of great commercial cntci prise, and of intense 
interast to oiir agricultural world More than twenty years ago it was exhibited and 
talked of morel > as a natural curiosity, but since that time the quantity imported into 
England alone bos risen from 30,000 to 350,000 tons (m 1858), the value of which was 
(stiiuuted at no less than 000,000, as shown by the following numbers, from the 
** Statistical Abstract of the United Kingdom, from 1850 to 1864 ” 

Inipotts of Guano (m tons), from 1850 to 1864 — 1850, 110,995 , 1851, 243,014} 
1852, 120 889,^853, 123,166, 1854, 235,111 , 1655, 305,061, 1856, 101,501 , 
1857, 988 362,958,353,541, 1859, 84,122, 1860, 141,435, 1861, 178,423, 1862, 
141 r36, 1863 231,574; 1864. 131,358. 

During the last two years the quantity imported has somewhat diminished and hence 
tjie rise in pnee, from All to £14 per ton It is curious that, though situated at so 
great a distance from the sources of supply. Great Britain is by fkr the largest con- 
sumei of Guano, if we may credit the following. 

SlaUment of the Quantitiis Exported fiom the Cmcha lelande during the Yean 1850-1 


'1 ons of Guano sent to — 

1890 

1851. 

England • 

• 102,421 

150,053 

France 

1,429 


United States - 

- 14,250 

38,371 

China 

252 


Total 

• 118,352 

189,024 


Natural Hutorg and Geoqtaphy — Husno in the language of Peru, aignifiea dung; a 
word spelt by the Spaniards, guano. 
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The conditions essential for the preserration of these eaerements appear to be the 
existence of a soil consisting of a mixture of sand and clay, in a coontry -where the birds 
are aline ed to live for ages undisturbed by man or man's works, and where, moreover, 
tho <‘limut4> is \ery dry, tiee not only fioni rum, but albo (Vom heavy dewt. 

TIk'M* conditions appear to have In en combined to a remarkable extent im the coasU 
of Pciu and Bolivia, between latitudes 13* north, and 91^ south of the v<)Ottor, for 
although beyond this region the floi ks of cormorants, flamingoes, cranes, and other 
s(a fowl, appear to be equally numerous, yet the excrement is rapidly carried awuy 
by the ram or dew. 

It 18 tin'll the dtyness of the climate chiefly which has {nrmitti*d the guano to accu- 
inulao oil tbtsc coasts, for, says Mr Dai wiu* — “ In P< lu real deserts o< cut over wid** 
tnieis of country. It has becoino « proverb that rain never tails in the lower part of 
Pci u *’ A nd again ** The to\« n of 1 juiqiie contains about 1 000 inhabitaui s, and stands 
on .1 little plain of sand at the foot of a great wall of rock, 9000 feet in height, the 
Mhrric iitU'riy dcscit. A light sbowet of ram falls only once iu vcr\ many yeais." 
Ittdcid since thru fifths of the constitucni parts of giiauo ure soluble in cold water 
Pud .lohnstom. m ly yustly obsents iliaif,“ A single day of Puglisb r mi would dissolie 
out tiiiUarry ml the m t acoiihidciuble (lottiotiof one of the lai'ffcst acciiinulatioiis i 
11 single year of Kiiglish luathcr would cause many of them entirely to disappear " 

S uh being the case, we might evpteito find similai accuiiiulations in other hot and 
di > (.limutes. as in Bgt pt, and in Afi ic.t, e y. in th« ntigliboui hood of the Great Desert ; 
nil I (tuly a kw yiais since a cousidemble deposit of guano was found in the Kooria 
M > 0 * la Islands. 

Ill Peru the nat'vts have omphned it as a mainn e from the remotest ages, and have 
li\ Us iiKinis gtiiii fertility to the otherwise iinpioductive sandy soils along their coosta. 

\\ lii'( Peru was governed by its native Tneas, the birds were protected from violence 
bv sc\4 ic Uwb The puiiislimeDt of death was decreed to the pet sons who dared to 
1 . 111(1 on the giuiufcriiiis islands duiing the breeding period of these birds, and to all 
p I^olls who destroyed them at any time. Ovciseirs were appointed by tliu govern- 
iiu lit to take care of the guano distiicts, and to assign to each claimant Ins due share 
ui I'u pucunisdung Thecelebtated Baton Von lliiiiiholdt first brought speeimeiib to 
1 iiioiH in 1804, winch liesi nt for examination to Fourcroy, Vatiquelin, and Klaproth, 
th( lust analy btieul chiinibth of the day ; and he spoke of u in the following terms. — 
The guano is deposited in layers of 60 or GO fed thick upou the granite of nmiiy of 
tiu South'sea islands oft the coasts of Peiu. During 300 years the const birds have 
di posiunl guano only a few hoes lu thickness. This shows how great must have been 
the uuiuhi r of birds, and how many centuries must have passed ovei lo order to foini 
the pr< sent guano bedb ” 

Theie appear to he three vaiieties iu Peru , the white, grey, and red, the first being 
the most recent, and the last the oldest ; and in the midst of the great accumulations of 
the hist kind, bones aud featlitrs of bit els are fouud {Fieziet ), os if to remove any doubt 
wlmh might still remain as to its oiigin. 

Ctntha Island Giwwo.— Much of the so-called Peruvian guano, is exported from the 
C'incha islands. They are thito id number, and be in one line fiom north to south 
about half a mile apait. Pieli isl.md is from 5 to b miles in circumference, and con- 
sists of granite covered with guano m some places to a height of 200 feet, in successive 
liorixoiital strata, each strata being frem 3 to lo inches thick, and varying in colour 
fium light to dark brown. No earthy matter whatever is mixed with this vast mass of 
e\c 1 ement At Mr. Bland's visit to these islands in 1 842, he observed a perpendicular 
surface of upwards of 100 feet of perfectly uniform aspect from top to bottom. In some 
parts of these islands, however, the deposit does not exceed 8 or 4 feet in thickness, 
lu several places, where the surface of the guano is 100 feet or more above the level of 
the sea, it is strewed here aod there with mosses of granite, like those from the Alpine 
mountains, which are met with on the slopes of the Jura chain. These seem to indicate 
an ancient formation for the guano, and terraqueous convulsions since that period. No 
such granite masses are found imbedded within the guano, but only skeletons of birds. 
The accompanying wood-cut, 934, shows the nature of the formation. 

Tbo export of the guano has increased considerably during the 1^ few years : be- 
tween 300,000 and 400,000 tons are the annnal amount nt present, which is effected 
by the aid of 900 working hands, 320 of them being Chineoe, who enter into contracts 
to serve their employer (the Government eontraotor), Don Domingo ]^ias»for4 dollars 
a month, renewing it, if they choose, with the increase of 4 dollan monthly, and 
a iKinus of 120, Thoee who work on their own account are paid 8 8Bd 10 riala, 4 and 
5 shillings, for each cart that they load. They live in a coll^ion of dirty hats made 
of bamboo and mud; they, nevertlieless, appear to be happy and contented, and in 

I *« iM»d Nutural Hittnr}, p, 4«J» 

t On Guaiiii, Joiiri «l uf tlie Agrau.'tuml 8w let) oi Kngland, vol. H. p. Sift, 
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general arc well conducted. The men with pickaxes work their way into the guano, 
leaving a sort of wall on either side ; here it is so hard that it requires a heavy blow 

9.14 
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found amongst tbe gnano The guano hcups are aiirrou tided by a Inirh fence to pie- 
vont itb being blown away b} the wind, near the mouths ol the ( anvas tidies or shootK, 
which arc suuiitiinesTU feet lung, through which it is (uiidmted to the boats, hci 
Jiif 9.1 -5. 

Ab in P<ru, the surface of the giiuno m eovend wi*h ) letons of buds, and boniw 
of bialh It IS also furfoiatcd b> nuiiilHMhss ljole4«, rithning in eii r} direi ton, likeit 
rabbit wairtn Ihibi an nnde by n bint ih >nt the at/ d a pigeon, which ictiuihs 
hidden dnniir the dui bailving forth ut d.uk to fish, tio d and sdier oriianunts are 
also dibcovi red oecusioualiy, having been buned by the an i« nt inhahttaiitb mote than 
thrtt Cl mill us iigo 

It lb quite iinncc' <i'>ai> hero to insist on the value of Luauo ab a manui This is 
a p not f Ht iblished hi \oii 1 all qu bt ou \ y neail) ovii} igin uUurist in the Uingdoin; 
nu<l ti( tided by all disses of writeis on igiicu'turul Btihjiils , it has been the means 
mot envt r ol converting the sandy dt sett jioun i Lima into i soil cap il k of raising 
ahuiiduit cro}M of niaire; hence the Peruvian ptovetb liuano, though no saint, 
W 01 Kn in iMv inirnih •> * 

( nmnnal tuHtiics -Tin fi llowiiig appear to hr thi rhjt I — 


1 Perm tan 
*2 An Minos 
*3 li h I hot 

4 l*ilq.<ni in 


5 S ildanha Bay 
b Kooiid Monita. 

7 All LUii 

8 Indian 


i'/umtstn/ — Guano ht ingan artuleof sogriat valuctothcagr culturist as amanure, 
1 - (I ht ing ii iblt not uiih to »d ilti lation to a very gicat extent, but also vatying when 
giuuine toiiMdii.ihh in q nlitv, it is highly inipoilaiit to have sonic means of ascir- 
ta iiiiig lib value '1 hl^ cannot he done satisfactorily by ever so experienced a deah r 
hv luirc iiispeciion, and thui loit , both foi the buyer and the siller, report is necebbaiy , 
toi a knowledge ot its coni| ouiid pails, to the analysis of the cheniibt * Such being the 
c IS «e must fir«t asicrtiun the conipo^itiou of guiumi guano, and tlieu inquire upon 
which ot itb siviial cons irinnts its vilui as a itianuii depends 

11k follow ing is otu oi t * tailiistanakbes bv Fouicruy and Vauquelio, ufa sample 
of guano jiribcntid to thiiii by llaiou Von Humboldt, showing the composition in 100 

JUl tb — 


l<i di of 'iniiiioiiia - - - . - 



90 

Oxalate of ammoni i . - - . 



10 G 

Oxalate ofliinc ..... 



7 0 

Phosphate of ammonia .... 



00 

Phosphate of ammonia and magnesia 



2 C 

Sulphate of potabh ..... 



5 5 

— soda . - - - . 



3 J 

Sal ammoniac 



4 ^ 

Phosphate of Inn ... 



1 1 i 

Olay and sand ^ ... 



47 

Water and organic matter ... 



32 2 


]3 it pell aps the consMufwn of guano is better exhibited by the following analysis 
of three sorts by Denham Smith. 


American Guano. — Amfysts of Otree aorU by Denham Smith* 
1 ConaMuettht soluble in hoi llcifer (tn lOO/imto qf guano). 



n 

IT. 

III. 

Pliospbate of lime ----- 

0 16G 


0*110 

Phosphate of soda - . • - . 

0*120 


Phosphate of ammonia and magnesia • 

0*564 

0 784 

0*139 

line acid ....... 

2*516 


Orate of ammonia ----- 

15*418 



Organic matter 

1*180 

0*860 

0*756 


• lisMifs •* CiMBistry in Ita appIlcattoBa to Agrlcoltiirt and Phydoloar." o m 

voL. n. K n 
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2 CuMtUuentH aoluhk in cM wattr (in 100 parts). 


WaUT - . - 

Sulphate of potasli 
Sulphate of boda 
Phosjdiate of potash - 
Phosphate of soda 
Phosphate of ammonia 
Phosphate of lime 
Oxalate of ammonia - 
Oxalate of soda > 

C blonde of potiibsiimi 
Ciiloi ide of hodium - 
Chloride of ainmoiiiuiii 
Organic matter- 


L 


II. 


22 200 
8 00 


20 420 


6 33 


2 3 044 
7-732 


G 124 


III. 


7 700 

10 177 
4 5)47 
3b0 


7 40 


2 OO 
1 500 


9 30 


UGb8 


10 5b.*3 
4 lb 3 
28 0 31 
3*030 
2 553 


3 ConAtUuinU tnsolubL m water (in 100 parts). 




I. 

11. 

III 

Pliospbato of liiiio - - - - 


in 750 

■■ 

13113 

Phosphate of iiiagiusui 

- 

2 0 U) 


2 580 

Oxalati ol liuK - - - - - 

- 

2 51.0 

hIEmS 


iS iiul A( 


1 > bO 

HTwH 

0*420 

Pi 1 oxide ol lion and aluiiiiiii 

. 

. 


0 150 

Humus 

Oiganie mattir .... 

: 

2 636 

3 456 

0*862 

0 836 

Water ------ 

. 

- 

4 974 


liObb- - - - - - 

• 

0-044 

0*408 



e may also quote the following analysis by I)i Urc, of guano, imported from 
13 iliviu, by the **Mary Anne,” being the first cargo thence imported. 

It was of a pnle yellow-bniwn colour, dry, paitiy pulverulent, partly concreted, in 
small lumps Its mean specific gravity was 1*63. 


The sohhh portion was found to contain — ^ 

ITiea ---------6*0 

Siilp^e of potash - - - - - - - 7*9 

Chl4Bb of sodium ------- 6*0 

IMiosphate of ammonia • • • - • - 6*5 

Oxalate of ammonia - - - - - - -06 


24 0 


Till uisMfle portion contained 

Silua 2 26 

Phospliate of lime 9*00 

Phosphate of magnesia and ammonia - - - - 1*25 
Urate of ammonia - - - - - - -15 27 


Undefined nitiogenised organic matter, }ielding by 
combustion with soda lime 17 06 parts of ammonia • 41*73 

69*60 

1 ht luial quantity of ammonia yielded by it, was 20 96 pef eent 








GUANO. 


oil 


Aiuilpita oj CiHcka hland Guan(\ 

Matter soluble in water . - - 

conbibling of — 


4? Oj 

An 111 u 

Sulphate of potash, with a little biilph i(e of soda 

• 

6 00 


Mur ate of amiuoiiiu - - 


- 

1 IXI 

0 16 

IM (isphatc of uiiimunut 



11 1^ 

* 

V'>quu irbonati ot immonii 



l 00 

0 i 

Sii1|(hate of iinnioiiiu - 


- 

2 00 

0 lO 

Oxihitc of aiiiiuoiiia . . . - 

W ater 


■ 

129 

8 50 

0 89 

Soluble utguiic UiUter and uica - 


- 

HO > 

i7 00 


iltf i ms bil K n w iter - - • 

- 

- 

00 


4 MiSlntlD,' of •— 

Sili< 1 - 

. 

- 

1 26 


1 iidi hind organ I imlM - 

- 

- 

0 62 


1 1 111 of iiniiiotii i 



H 7*1 

1 29 

(>C il lie ulllllK .... 

. 


1 00 ? 


Subpliosphati ol hint - - - 

- 

- 

S2 00 


Phospbutt of nm,^nc8ia and animuni i - 


- 

4 >0 

63 00 

0 12 

0 80 


\ aliiable as these elahoiate analyses arc in a scientific point of view, thc> au quite 
nniKKSsii} for piaitical purposes iii ascertaining the value of nny given sintple, for 
on mhiih of tliiM various eonstitiunts does the chief tflit ity of guino depend t 

Ammonta — l^ndouhtcelly unt of tht most^ it not the nioat^ important constituents of 
guano IS the aiumwia Authors differ as to the precise manner in which ammonia 
ind Its salts act in promoting the growth, and especially in the devilopment of the 
nitrogeiiised compounds of jdants, but the fact is placed beyond dispute, whether it 
be that the ammonia contained in the air is decomposed by the leaves, or that the salts 
of ammonia are absorbed by the spongioles of the roots in solution m watt r Now, it 
is quite possible that, in the myst^-rious economy of the life of the plant, the ammonia 
iniy perform a sliglitly diffmnt function when in difftrent states of combination, 
cither with hydroeliloric, siili hiirir, nitric, phosphoric, carbonic, uric, humic, or oxalic 
acids t and alihough, as a general iiih wc should be inclined to y n Id the palm in point 
of utility to the more soluble combinations, yet all experience gms to show that the 
value of an ammoniacal miiinre maybe measured chiefly, it not entirely, by the 
quantitv of that compound present, and is in a gieat measure independent ot its state 
of combination. 

Dr Urc drew a distinction between what he called the actual and potential ammonia, 
I e between ammonia and ammoniacal salts ready formed, and compounds, such as 
uric acid, which during their decay are gradually converted into ammonia. It appears 
that recent guano contains from 9 to 5 per cent of unc acid, whilst the older deposits 
contain generally Kss than 1 per cent No doubt the guano at the time of its depo- 
sition consisted chiefly of one acid \ and it is this uric acid which has become con- 
verted luto salts of ammonia , for the excrements of birds which live chiefly on fish 
are found to contain from 60 to 80 per cent of uric acid It is also an established 
tnith in agricultural chemistry that a manure which contains bodies capable of gra 
Avalfy yielding up any valuable compound, such as ammoiiia, are more usefhl than 
those which contain that compound ready formed, and in the state of soluble combi- 
nati«in*v which the first storm of ram may wash away from the mots of the plants, 
where they are required. Neverthekss, admitting the truth of all this, the writer is 
of opinion (and be believes this is the general expenence of agncuUonsts) that the 
importance of this distinction between ariual and potenttal ammonia has been rather 
exaggerated ; and that generally it is enongh for all practical purposes, in estim^ng 
the value of a goano. to determine the total quonUty of nitrogen present m every form, 
and to consider it ss representing an equivalent quantity of ammfmtg aha eiltf " or 
** in posse " 


It n ’ 
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llic amount of ammonia cori'esponding to tbc total quantity of nitrogen in the 
Meveral varieties of yuano ranges as follows, — 


1. Peruvian. 




(From 9 analyses by Way*) of samples imported in 




1847-8 

18*94 

16*40 

17-67 

From Mr. Way’s analyses of 10 samples imported in 




1848-9 

17*81 

15*98 

16*189 

From Mr. Way’s analyses of 14 samples imported in 




1849 

18*94 

16*62 

17-88 

Mean 

- - 

- - 

17 246 

So that the average quantity of ammonia, either exist* 




ing in, or capable of being yielded by genuine Peruvian 
guiano, may Ik^ estimated at about 17 pur cent 




2. AmjamvH guano. 




Ammonia (actual and potential) from two analyses by 
Dr. Urc - - 

So that this variety is slightly richer in ammonia and 

20*89 

20*40 

20*64 

nitrogonised com pounds than the Peruvian. 

8. It'habtte guano. 




Ammonia (actual and potential) fi'om 11 analyses by 




Dr. lire and Tebchcmachcr - - - - 

Showing thal this variety, as far ns regards nitrogenised 
compounds, is far inferior to the preceding; and the 
same remark applies to the succeeding varieties, e.y i — 

9*5 

4*5 

7*.3 

4. Pahiffonian guano. 




From analyses of 14 samples by Dr. Ure and Mr. 




Tcschcmacher 

4*68 

1*60 

2 54 

5. Sahhnha Hay guano. 




From results of analyses of 9 samples by Mr. Way - 
From results of 9 analyses by Dr. Ure and Mr. 

2*49 

0*94 

1*68 

'J'csehemaeher ------- 

2*10 

1*25 

1*56 

G. Kooria MiHiria. 


1 


From results of ,3 analyses hy Mr. Nesbit- 

0*.34 1 

0*17 

0-25 1 

’From results of .3 anal>bOs hy Mr. Apjohn 

0*318 

0*127 

0 22 


So that the average quantity of ammonia in the several varieties is — 


Peruvian - - 17 per cent. 

Angaiiios - - 20 „ 

Ichaboc - - 7 ,1 


Patagonian - - 2*5 per cent 

Saldaiiha Bay - 1*5 „ 

Kooria Moona - 0 25 „ 


Votash -> Of the (5io alkalies, potatih and soda, the soil usually contains more than 
suUieient soda for the supply of \ egotatiou ; it is therefore chiefly potash which it is 
necessary to add in the form of manure. 

Hcbidch, evcn^j||l)e8t guano always contains a considerable quantity of common 
salt. % i/. from l4|tn 2 5 and even 5 per cent 

Mr. Way, in his valuable paper, ** On the Composition and Value of Guano," only 
gives the quuntit) of alkaline salts, not having determined the potash ; but the average 
quantity of potash m genuine guano may be seen by referring to the analyses before 
given ill detail, and will be found to vary from 3 to 4 per cent 

IfowevLM', in estimating the \aluc of guano the knowledge of the quantity of potash 
is by no means of the same impoi tauce as of the aninioniu, or the phosphoric acid. 

Phosphoiic unU— The phosphoric acid Is second in importance to no other consU- 
tueui timn tlie ammonia; being essential for the development of the seeds and all th^ 
parth of the vegetable organism, which serve as foods in the production and restoration 
of the flesh and bones of animals. It exists in the guano (as is shown bj the pre* 
cedins; detailed analyses) in combination with ammonia, potash, soda, and lime. 

In most analyses the quantity of phosphate of lime, 8CaO,PO*, is given instead ot 
phosphoric acid, PO* or dHO,PO^} but 156 parts of phosphate of lime (8CaO,PO*) 
correspond to 72 of phosphoric acid (PO*}« or as 13 to 6. 


>• 1 t^«yonlpo|ltlon and nnney value of the dlffwant kinds of Oomo. By S. Thomas Wsf/^ 
Journal of the AgrIettUural Soclo^ of Knshuid,'* SOS, dw. ' 





GUANO. 

The amount of phosphate of lime in the seTeral varieties of guano if aa ibllowa : •— 


Peruvian, 

From analysef of 9 samplet by Waj, imported in 1847-8 
From Mp. Way’i analyece of 10 eainpleSi importud ia 

1H48-9 

From Mr. Way’s aiialyiee of 14 saniplefl, imported m 

IH4U 

Antfnmoa. 

From 2 analyses 1*> Dr. Ure - - - - • 

Ji Uafme. 

From 1 1 aoalysue by I>r, lire and Mr. Tescbcinacher - 
Patiiijtmmn, 

Vi'oi Aiial}b«'h 1 1 sunplee by Dr, Urcand Mr. Teeche- 

ni it io*p - 

Sa’ti I aha Hay. 

I'rom intlyees of 9 Hnmples by Mr. Way - - . 

I nm ati liases of saiiipli's by Dr. Urc and Mr. Tesche- 
maohcr --------- 

KiM*tia Alftona. 

rroiii an-il}** s of 3 bimplok by Mr. NVsbit - - - 

I rouL autil)8c‘6 of 3 vamplus by .Mr. Apjohn - - - 


mSn* 

MlaU 

miau. 

Maan. 

34*45 

19 46 

96-M 

2S'M 

21*31 

23-30 

28 98 

2128 

25 tS 

22*00 

18*50 

20*25 

37*00 

26 00 

31*60 

65*5 

29 3 

47*4 

60*90 

49*01 

.>4 98 

62*5 

51*0 

56 7 

2:j*.50 

28*50 

2-80 

5 84 

14 15 
17 17 


bo that the average quantity of phosphate of lime in the several specimens is as 
fiUvinfl. - 

Peruvian - - - 25 12 | Ptitagonian - - 47*4 

Angumos - - - 20*25 I Saldunha Itay - • 5.5 84 

Ichaboe • « - SI 50 | Kooria Mooria • - 15*b0 

These facts arc very suggestive as showing how guano, by exposure to air and 
moisture, has the ammoinacal salts washed out, at the same time, os a consequence, 
increasing the ratio of phosphates. 

Organic Matter . — The amount of organic matter in guano, other thau ammonia and 
its salts, is of no great importance in estimating its value as a manure. Not unfre- 
quently the amount of organic matter, containing nne acid or ammouiaeal Salts, is 
stated in analytes, as organic matter ** rich in** or ** containing ammunia but it is 
obvious such analyses are nearly worthless, the valne of the guano dc^iending essen- 
tially on the qnantity of nitrogen, either existing as ammoniocal salts or capable of 
being converted into them. Good guano contains on an average about 50 cent, 
of ash (mineral matters) and 50 [rf*r cent, of combustible (organic ) matters 

Sand. — The knowledge of the proportion of sand iti a guano is of some importance 
as determining its purity or otherwisf . It is easy to uederstand how a deposit like 
guano, existing often near the sca-shore, and frequently o-. a sandy soil, should eon- 
tain a certain admixture of sand. Some specimens are almost ftee from it, and few 
genuine specimens oontain more than I to 2 per cent 

Common talL — The presence of coitimou salt in a gnano need not surprise ut. It 
is doubtiess derived from the sea, partly through the medium of the birds themselves, 
and partly from the evap<iration of the salt spray continually driven upon the coasts 
by the wind. It Is variable in quantity, as we should expect from a knowledge of its 
origin, ranging in samples of genuine guuuo from 1 to 5 per cent. Although common 
salt has been shown * to possess a certain power of abwrbing ammonia, yet this is 
but transient, and the efficacy of gnano cannot be said to depend to any extent npon 
the tea salt present in it The knowledge of its amount is of great importance, smee 
the nano is not nofreqaently adulterate with salt 

Water. — Obviowly the larger th^ amount of water present in guano, the smaller 
will be the proportion of valuable oonstitnents in a given weight Genuine guano 
eontains on an average from 10 to abont 20 per cent of water. Many of the salts in 
guano are likewise deliquescent so that it has a tendenoy to become moist by 
posare co the air; and this tendency to absorb moisture, is an element of value in the 
manure, especially in dry seasons. 

OUeulaUtm of the money value of guano fiom the reeulte ef analyeee, — > In a moat 
important and interutiug psper On the valne of artiftmal manures,’’^ Mr. Way 
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arrives at certain money values for ammonia, phosphoric acid, and the various con- 
stituents of jfuano and other manures, by a comparison with the cost of these several 
eoiniiounds in their ordinary eonimerci^ salts. These numbers vill be found most 
valuable to the af^riculturist in drawing his own conclusions resiK^eting the value of 
a giuLDo or othci manure from the results of analysis furnished to him by the chemist. 
'J'hey are as follows : — 

£ 

Ammonia 56 per ton. 

Potash 31 „ 

Plio<iphatc of lime (insoluble) - - - - 7 „ 

Phosphate of lime (soluble) - • - - - 32 „ 

Organic matter li» 

and the following example of their application may prove useful. 

(Calculation of the money value of guano, as deduced from the cost of its several 
constituents in their commercial suits, applied to the mean composition of 
Peruvian guano deduced by Mr. Way from 78 analyses — 


100 tons contain 



£ 


£ 

Ammonia ... 

16*5 

at 

56 

l>or ton 

930 

Organic matter 

52 0 

» 

1 

•> 

52 

l^otash - - - 

3 5 

•* 

31 

,, 

108 

Insoluble phosphate of lime 

23 0 


7 

f* 

161 

Soluble phosphate of lime 

7 0 

n 

32 

ti 

224 


Value of 

100 

tons 

- 

£1,475 


Or per ton - £14 15 0 

Ilonce It IS obvious that whilst guano was selling at Ilf pei ton, it was more eeo 
noniical and convenient to employ it than to make an artificial mixture of its che- 
mical constituents , but now that the ptice has risen to about 14f per ton, it becomes 
a question whether it will not be possible to produce an aitiBcial compound having 
equal value as a manure which will compete m price with the guano. 

Impurities and adulterations. ^ In consequence of the high price of guano the 
great demand for it, and the ease with which the unwary fitrmer may be imposed 
upon, guano is adulterated wiUi various substances, and to a great extent Impo* 
sitions even have been practised by selling as genuine guano artificial mixtures, 
made to look so much like guano that the farmer would scarcely detect it The 
writer recollects examining a guano which contained 50 per cent of sand, and no less 
than 25 per cent, of bca salt ; and Dr Ure gives the following analysis of an article 
bcnt to him, which had been offered to the public b> advertisement as Peruvian guano 


which contained — 

Common salt 32*0 

Sand 28*0 

Sulphate of iron 5*2 

Phosphate of lime - - 4 0 

Organic matter (from bad guano io give it smell) - 23*3 
Moisture -•----.-75 


100 0 

In fact so numerous and various are the tricks played with guano, that unless a 
•ample is submitted to a skilful chemist for analysis before purchase, we would 
strongly recommeud the agriculturist to purchase of no one but dealers of unqnestion- 
able honour. 

Professor Johnstone observes: — **Four vessels recently saile4 hence for guano 
stations, ballasted with gypsum, or plaster of Paris. This substance is intenM for 
admii^ture with guano, and will enable tiie parties to deliver from the vessel, a nice 
looking and light coloured article. The layonrite material for adulterating gwno 
at the present moment, is umber, which is brought from Anglesea in large qoantitics* 
The rate of admixture is, we are informed, about 15 owts. of nmber to about 5 ewtik 
of Peruvian guano, from which an excellent looking article, called African gusou* * 
manufactured.'* 

Anafysis of Quaiso. 

^0 follow ing Is Dr. Ure*s method for the complete analysis of guano i --- - 

1- In every case I determine, first of all, the specific gravity of the giionp t which * 
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take by means of spirits of turpentine, with a peesUor instnmient ooatiiTOd to render 
the process easy and pecisc. If it exceeds 1*75 in density, water being l*Ob it must 
contain sandy impurities, or has an excess of earthy phosphateib end e deneC ofisotised 
animal matter. 

2. T triturate and digest 200 grains of St with distilled watsr, dlter, dry the in- 
soluble matter, and weigh it 

3. The above solution, diffused in 2000 gr. measnres, is examined u to its apimn 
gravity, and then with tt at [taper, to see whether it be acid or ilkiUne 

4. One half of this solution is distilled along with slaked lime in a matrass con- 
nected uith a small <]umtttple globe condenser, containing disliUed water, and im* 
nierscd iu a basin of the same. Ah the condensing tppaialus terminates in a waCer- 
trnp, no part of the ammonia can be lost } and it is all aftsrwardb estimated by a 
I>i>ctiliar meter, whosi> indications make xnanifeat one hundredth pari ot a grain. 

'>. The other half ot the solrnmn is mixed with some nitric arid, and divided into 
three equal portions 

o, the first portion, is treated with nitrate of barytes, and the resoltlug sulphate ol 
biuyti i- coUectetf ignited, and weighed. 

//. ttie vceond poitiun, is treated with nitrate of silver, aud the resulting chloride of 
Mlver lgQi(t^i and weighed. 

f, the third portion, has a certain measure of a definite solution of ferric nitrate 
Tinxi d « illi it, aud then ammonia iu excess. From the weight of the precii>ilated sub- 
idiosphate of iron after ignition, the known amount of oxide used being deducted, 

I he (jiiantity of phosphoric uc id in the soluble portion of the guano becomes known. 

it, the three above piirtions are now mixed, fVecd by a few drops of dilute sulphuric 
and h>dr<K*hlonc acids fiom any Iwrytes and silver left in them, and then tested by 
nitrite oi lime foi oxalate of ammonia. The quantity of oxalate of linio obtained 
determines that poiut 

6. The last liquor filtered, lieing freed from an> residuary particles of lime by oxalate 
of ammonia, is evaporated to dryness and ignited, to obtain the fixed alkaline matter. 
This being weight'd, is then dissolved in a little water, nentrulised with acid, and treated 
with soda-chloride of platinum From the quantity of potash- chloride of platinum, 
uliich precipitates, after being filtered, dried, and weighed, the amount of potash 
present is deducted ; the r<‘bt is soda. These bases may be assigned to the sulphuric, 
hydrochloric, and phosphoric acids, in proportions corresponding to their respective 
umnities. 

7. The proportion of organic matter in the above solution of guano, is determined 
directly by evaporating a certain portion of it to dryuess, and igniting. The loss of 
weight, minus the ammonia and oxalic acid, represents the amount of organic matter. 

8. A second portion of a solution of the guano is evaporated to dryness by a gentle 
steam heat, weighed, inclosed in a stout well-closed phial along with alcohol of 0*825, 
and heated to 212^. After cooling, the alcolioHo solution is decanted or filtered clear, 
evaporated to dryness by a gentle heat, and weighed. This is urea, which may be 
ti st^ by its conversion into carl>onate of ammonia, when heated in a test tube or small 
retort. In this way 1 have obtained fVom Bolivian guano 5 per cent of urea , a certain 
proof of its entire soundness. 

i). Analysis of the inmluble matter, — One third of it is digested with heat in abundance 
of borax-water, containing ^ of the salt, filtered and the filter dried by a steam heat. 
The lo*-M of weight indicates the amount of uric acid, which is verified by sui^rsat uniting 
the filtrate with acetic or h}drochloric acid, thus precipitating the uric acid, throwing it 
n|ion a filter, drying, and weighing it This weight should nearly agree with the above 
loss of weight, the small difference hetn^ due to soluble organic matter, sometimes calh d 
geine and ulmic acid. The uric acid is evidenced, 1, by its specific gravity, which 1 
find to be only 1 '25, as also that of the urate of ammonia ; 2, by its affording fine pnrple 
mureride when heated in a capsule along with nitric aci^ and then exposed to the 
vsponr of ammonia from a feather held over it ; 3, by its dissipation when beftedt 
without emitting an empyreumatie odour. 

10. Another third of the solid matter is distilled along with half its weight of slaked 
lime, and 10 timet its weight of water, in the apparatus already described, and the mi- 
mooia obtained from it estimated. 

i I. The remaining third having been ignited, is ^gested with a gentle heat in weak 
hydrochloric acid, and the undissolved silica and alumina washed on a filter, dried, and 
weighed. To the hydrochloric solution, dilate snlphurio acifi is added, and the mbctniw 
is heated till all the hydrochloric acid expelled, with the greater part of the water. 
Alcohol of 0*850 is now poured upon the pasty r^uum, and the whole, after being 
well stirred, is thrown upon a filter. The phosphoric acid passes throagh, as also the 
magnesia in union with sulphuric acid. The sui|d)ate of lime, which is quite insoluble 
in spirits of wine, being washed with them, is dried, ignited, and weig^M. From Iho 
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wcifcht of sulphate of lime, the quantity of phosphate of that earth that waa present 
iH'Corncs known. 

IS. Ammonia in excess is now added to the filtrate, which throws down the granular 
))hosphate of ammonia and magnesia After wnshing and drying thih powder at a heat 
of 150^, Its weight denotes the quantity of that compound in the guano. 

i3. To the filtered liquor (of 12), if a little iiinmoniu lie added, and then muriate 
of magnesia l>e slowly dropped in, phosphate of ammonia and magnesia will piLcipitate, 
from the amount of which the quantity of phosphoric acid may In* estimated. 

1 4 The proportion of oxalate of lime is determined by igniting the washed residuum 
(of 9), and placing it in an apparatus for estimating the i^uuntity of carbonic arid given 
oft in dissolving carbonate ol lime 1 have rarely obtained more than ^ gr. of (ai- 
bonic acid fioni the msnlnblc risidiinm of 100 gr. of good guano, and that oorresponds 
to less than 1^ per cent, of ox date of lime in the guano. Roinetiiiics no efFcrvesccnce 
at all IB to be {lerceived in treat mg the washed residuum with ncid after ignition 

1 5 The carbonate of ammonia in gtiano is readily determined hy filtering the solu- 
tion of It in told water, and m utrulising the ammonia with a test or alkalimctrical acid. 

10 Besides the above series of opetation8,the following researches must be made to 
complete uur knowledge of guano 1 he insoluble residuum (of 10), which has hem 
deprived b> two successive operations of its uric acid and ammonia, may contain 
a/otistd organic matter It is to be theicforC well dried, mixed with 5 times its weight 
of the usuil mixture of hydrate of soda and qiiieklime,und subjected to gentle ignition 
ill a glass or iron tube closed at one end. and connected at the other with an ainniotna- 
eondimsing apparatus Tin amount ot ainnionia being estimated hy a propet ammonia 
meter, represi ills llu (]uantity of a/ote, allowing 14 ot this diment foi 17 of aiiiinonia, 
being the potential ainiiionia ooi responding to the undehned animal matter. In a sample 
of Peruvian gtiaiio I obtained fi per cent of ammonia from this source. 

17. The whole quantitity of ammonia producible from guano is to be determined by 
gently igniting 25 gr of it will dried, and mixed with 10 times its weught of tho 
mixture of hydrate of soda and quicklime (2 parts of the latter to 1 of the former). 
'I he ammonia disengaged is condcn^^cd and measured, as described above. 

18 The read> formed ammonia is in all cases determined by distilling a mixture of 
iOO gr. of It with 50 gr of si iked lime, condensing the disengaged ammonia, and 
estimating it exactly by the meb r 

19 The relation of the combustible and volatile to the incombustible and fixed 
constituents of guano, is dctcmiined by igniting 100 gr. of it m a poised platinum 
eapsiiie The loss of weight denotes the amount of combustible and \olatile matter, 
including the moisture, which is known from picvious experimentB 

20 The insoluble matter is digeste*d in hut watei, thiown upon a filter, dried, and 
weighed. 1 he loss of weight is due to the fixed alkaline salts, which, after con- 
centrating thnr solutions, are invcstigatcil by appiopiiate tests 1, nitrate of 
baryta for the sulphates, 2, nitrate of silver lor the chlorideb and sulphates , and 
.9, hicblotide of platinum, for distinguishing tlu^ potash from the boda Sidts. 

21. The insoluble matter (of 20) IS digested with hi at in dilute nitric or hydro* 
eh oric acid, and the whole thrown upon a filter The silica which remains on the 
filter IS washed, ignited, and weighed The lime, magnesia, and phosphoric acid 
may be determined as already pointed out 

If, however, the remarks made in an eailier part of this article be correct, it is 
altogether unne^eossary, in order to ascertain the commcirnal value of a sample of 
guano, to perform so elaboiatc a scries of operations as that described above. 

'i he foliow||g points arc all that are required to*^ be investigated . — 

The amot^Kif water; organic matter; nitrogen; proportion of ash, analysis of 
the ash as to phosphoric acid and alkalies — potash and common bait ; sand. 

1. Water — The most delicate and troublesome operation, is perhaps the detenn^^" 
tion of the amount of water. If the substance be dried in the water-oven, as is the 
usual practice, at 212^ F., a very large quantity of ammonia is expelled : so that it 
becomeb necessary to desiccate by protracted exposure under a bell xlass, over a vessel 
of sulphunc acid. Even m this manner, the error is not entirely efiminated, and Mr. 
Way suggests treating the specimen in a shallow platinum dish, with a fbw drops of 
hydrochloric acid, wluch is allowed to soak through the whole : he states, that it may 
then be dried at 21?^ F., without Iossl 

2 Or^ante matter. The proportion of organic matter is determined in the usual way, 
by burning it off in an open platinum crucible, until nothing is left but the white br 
brownish white ash, which is ^en weighed. 

8. Determtaafioa of atlropsa.— 'This is best pcoformed by Will and Varrentrapp i 
process. See Watts^ ** Dictionary of Cbsmistry.'* 

4. Phoephone acuL— .The phoephorio acid in the ash of the gnano is detenninedb^ 
conversion into perphoephate cx iron, and then sepsration as ammonkhnipgnssia 
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pboipbate, in the nfiud way. Under the bead of Am or OioAino Bombs, in Watts* 
Dictionary of Cbemiitry/’ will be found the general method (hr the eomplete analyses 
of the uhes of organic bodies, which, if it be tbooght deeiraMe, may be oarrkd out, 
m erteaso, in the ease of the ash of guano, 

5 Alkalies —This is, however, scarcely neeeasan so long as the alkalies are deter- 
mined to ascertain the amount of the yalaable alkali potakh» and the eatent ofiKm- 
tamination with common salt 

6 Sand ^ The quantity of sand is determined by treating a portion of the dried 
guano with hydrochloric acid and water, till nothing moos le dUeolved, then igniting 
and o (. ighing the i esidue. 

Statisticfof the gvnm} trade o/ Peru estrart the ibllo^ing from an article 
htf Iv published in the oflicial Journal at Lima — The eapoHatico of guano began in 
I K 1 1, under the contract with the bouse of Messrs. Quit os, Alher, and Co Up to the 
tiid of 165ff, the exportation from the Oinclm Islands his been 1 007,079 tons, of 
which 1,690,405 tons were sold, and 23 8S5 were lost at si a Tht stock in hand of 
till fompany was 810 7H9 tons Jbo gross proceeds of all th kc sales came to 
2( , hechargisumounted to 961, 008,881Jcavuig net proceeds, 939,2')4,647, 

at i.1 per 95—^7,850,997 In the ^car IK >7 the exi>ortatum amounted to 
I 2 9b5 tons, winch, added to 316,789 tons, left on hand in die previous }ear, gives 
so 754 tons, of these 304,589 tons were sold, and 19,166 were lost at sia, having 
Itjti 000 tons Tht netprodt this year was 912,538,016, oi at 95 per £l— £2,507,60 1 
In thi first six months of the present year the exportation has been 169,680 tonn, 
whi«h, added to those in the hands oi the consignees at the clobingof 1857, or 
466 009 tons,mv(s 035 589 tons Oneofthe most grievous losses that the* government 
has hud to sumr in their exportation of guano has resulted from losses ocensionid in 
the loading of the vtsse Is The government estmiates at 16 per cent oi the guano 
exported the losses in putting on boaid, or by guano thrown overboard lo avoid 
this serious loss, which amounts to several hundreds of dollars, the government has 
now erected a wharf a here vesseU of aD> tonnage come alongside to load, and by a 
railway the guano is brought on boatd the ships from the deposits Resides this, m 
oidti that the captaiiib of \esscls should not go to sea with thc*ir cargoes of guano m 
an iiDseaaorthy state, all vcssils after receiving their cargoes, come now to ( allao to 
undergo a proper survey Thus the sea risks aie likely to be greatly lessened By 
a decree of the 5th of October, 1856, the house of Messrs Anthony Gibbs and Son, of 
London, was requested to take chaige of the guano bales in Spam, hitherto confided to 
Messrs C De Murrick and Co , of the same city, on a commission of five and a half 
per cent , but the former house have given proof of the interest they take in the wel- 
fare of Peru, and of all those depending on the revenues oi that country, by only ac- 
cepting and charging four and a half per cent , affording by this item only to the 
republic a considerable increase in the proceeds of the sale of the guano in Spain, the 
government has issued a decree of thanks in fax our of Memrs A Gibha and ^n 
for their liberality, and besides for the steps they have taken to effect a considerable 
saving m the warehouse rent and other charges on the guano mtrodaoid mto Spam. 
Iho change of agents in the Unitid States bos also caused considerable saving in the 
commission and charges The President piomises to lay before the Congress the 
result of the investigation of the inspectors sent to Europe and the United States, which 
will prove highly interesting 

The stock of guano up to the end of 1857 appears to have been 635,589 tons, at £12 
per ton, representing a capital of £7,627,000. This most involve a large amount of 
interest, to which add warehouse rent, and it will be found that there is great expense 
involved in keeping it, to say nothing of the deterioration of die qaality. 


Guano mporUd/rm 1854 to 1864. 


1854 







Tons 

235,111 

1855 







305,061 

1856 







191,501 

1857 







288,362 

1H56 







853,541 

1859 







34,122 

1860 







141,435 

1861 







178,428 

1862 







141,686 

1868 







233,574 

1864 







131,653 


Coiuputod real vSliit. 

£2,630,272 

3,137,160 

2,136,431 

3,618,074 

4,084,170 

769,338 

1,557,895 

8,022,283 

1,685,382 

2,658,856 
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Ouano imported in 1863 and 1864 


Coiintrloi from which Imported 


Woslorn Coast of Africa 
Isiniidh in till Pm ific - 
United Staton — 

North Atlantic Ports 
Poits ou the Pacific - 
Ptru - - - - 

llolivia ... 

('hih .... 
Ilra/il ... 

Hritihh Tnilia Romhay and 
Scuido ... 
Rntihli Wcbt India Islands 
Otliir parts - - - 



fotii 

Computftl real 
value 

2,024 

^16 945 

6,230 

31,105 

3,619 

30 762 

106,704 

2,441,354 

11,804 

76,784 

0.422 

45 311 

2,b()2 

lf.)05 

231,574 

2,658,856 


IHf 1 



2 067 
3,179 

^12,010 

18,210 

200 

4,248 

113,086 

1,050 

23,154 

1,357,032 

832 

1 31b 

6,656 

10,528 

1,306 

5,584 

3,208 
1,»16 

1 1,102 ' 
8,763 

131,358 

1,157,068 1 


fllJANINr. C'^^IPN^O An organic base found by Unger m guano. Guano 
oon turns about 6 ]ier cent of it. 

<jUA.V a This fruit in a native of the two Indies and the Biazils Then are two 

11 known vorictien, the Pudium jHmtftrum^oT apple fruited guava, and the P pyrt- 
/i/Min, the pear fVuited variety 'I'lie pulpy fiuits of these trees make with sugar ex- 
ci III lit preserves Imported as Giias a jelly. 

GlTlNn \ PEPPLK Anothei naim for the Grams of Paradise. 

GUIPURE A lacc made at Linicnck by cutting out the pattim from cambric ; 
the ilowirs and ornamental putts being formed of the cambric, and the open part of 
stit( hi B which rebcniblo the antumc lace. 

GUM (GomfiKfhr , G’uNimi, iy/ciimnsc/i/ctm, Girni ) is the name of a proximate 
vegetable pioduct, winch foiins with waUr a slimy solution, but is insoluble in 
aU ( liol, etlu r, and oils it is consertid by btrong bulpliurio acid into oxalic and mucic 
ai ids 

'Jheicare six varieties of gum 1, giimaribic, 2, gum Senegal, 3, gum of the 
cherry and other stone fiuii trees, 4, gum tragneanth, 5, gum of Rassoni, 6, the 
gum of bccds and roots 1 he first five spontaneously flow from the branches and 
trunks of tin ii tries, and sometiims fiom the fruits in the foim of a mucilage which 
di IIS and hardens in the air The sixth kind ib extracted by boiling water In com- 
iniree, under the name of gum, %ery difl^erent substances are confounded; thus wc 
have qum tUmt and qum copal, which an true rising , and qum ammontacum, which is 
a gum ribiD , and gum tluhtic (caoutchouc), whieh is a ptciiliir body, diffcrixtg flrom 
iither. 

Gum arable and gum Senegal consist almost wholly of the purest gum called 
arabtnc b> the Bueh chemists, our native fruit tiees contain some ceraaine, along 
auh orabme, iK gum of Bossoia and gum tragacanth consist of arabme and 
bassormo 

Gmn ainhir, flows flrom the Acacia arabica, and the Acacia vera, which grow upon 
till banks of the Nile and in Arabia It occurs m commerce m the form of small 
puces, rounded upou one side and hollow upon the other. It is transparent, without 
siiu 11, buttle, easy to pulverise, sometimes colourlesb, sometinios with a yellow or 
broH Dish tiut. It may be bleached by exposure to the air and the sunbeams, at the 
tem;)erature of boiling water Its specific gravity is 1 355. Moistened gum arable 
riddcns litmus paper, owing to the presence of a little supermalate of lime, which may 
be removed b) boiling aUoliol ; it shows alsotiaces of the chlorides of potassiiup 
and calcium, and the acetate of potash. 100 (Hiits of good gum contain 70 40 of 
aiabine, 17 60 uf water, with a few per cents of saline and earthy matters. Gum 
anbic IB used in medicine, as also to give lustre to crapes and other aiUt atuffk 

Cum Senegal, is collected by the uegroes during the month of November, fh>m the 
K ru futugal, a tree 18 or 20 feet high. It Comes to ns in puces about the size of a 
piTtn(lg{*B egg, but sometimes larger, with a hollow centre. Its speoiflc gravity i6 
1 4% It consists of 81*10 arabme ; 16 10 water ; and fVoni 2 to 3 of saline matters. 
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1 he chemical properties and uses of this gum are the fcame u those of gum arabic 
It IB much employed in calico printing 

c/ieny trie yum consists of 62 IQarabtm , 24 90 it ratine » 12 water | and 1 saline 
matter It is used by hatters for smoothing the nap 

Gum iragacanth, is gathered about the end of June tmm the AtfraptUtu Irqgacantha 
of Crete and dbc turn unding islands It has the an « aranee of twisted nbanda } is 
whitf or reddish, marly opaque and a little due tie It is diffienlt to puh elite 
without hfating the mortar Itsspicifc gravity is I 181 When plunged in wuUr, 

It dissolves in jiart saells considerthlv and forms a mi thuk muciligt 100 parts 
oi It « lUBistof 53 SO arahme , 31 10 I issorine and s iich 11 0 wat<ri and fWmi 
a to 3 parts of saline luatUrs It is iftiploycd in culuu pnutuig, aud by shm- 
I ikirs 

it m of liauoto sec BAiSOBTKib 

(turn ofmd» ns linseed, consists of 53 *'0 arabmr 2ft of an n^oliiblc matter , 
10 1 water, and 7 11 saline matter Ncitlur hassorini i or cerasiii Mtms to bi pre 
V I u ds 81 I ro tb I or Ihtt \h Gum, sic Drxiai n 
t I M I r \^ I IC S ( AOOTCHOK 

1 I M, HnillSIl. See llEXTEiKt 
Mi M r 4 AC See I 

((r mne rl^tnes Ir SildLimhnrzt,i»iTm) W bin incisions lu 
1 i in tht stun*> Iran )u , and roots of ccrUiii pi mis ii milky jiiicc txudos which 
gridiially hardens m thi ait iiid appears to beiormed of nsm ind essintialuil held 
sispiiided in watci charged with gum and sometimes \ ith othci vegetable luuttcis 
8u b os caoutrbouc, bassoriiit, starch, was, and several saline matters The said con 
eriti j iu( IS ealkd a gum lesin , an improper nime, oa it giies a false idea of the 
nitnn of the substance ihc> aie all solid, heavier than water, in general opaquo 
ai i" brittle , may lievc an acr d taste, and a strong smell , their et lour is \eiy vari- 
able 1 hei arc partially soluble in water and also in alcohol and the solution in 
the fornitr liquid seldom Incomes transparent Almost all the gum nsins are medi 
cinil substances and little employed in the arts and mannfactiires liie following is a 
list of them — assafostida, gum ammoniac, bdellium, cuphorbiuin , galbanum , gtm- 
b gc , mynh olibannm or frank tnee Ubc , opoponax , md bcimiiiony Such of thcsi. 
us arc employed m the arts ot manufactures arc dcsciibed ni this work under their 
pc cull ir names 

GUM- WOOD EuealpytM pipenta or blue gum tree of New South Walts The 
w kkI lb sent over in large logs and planks, the colour of dark Spanish mahogany, 
with a blue aud sometimes a greyish cost 
GUN llAKRl I S See Fire Auhb 

GUN COl ION (S\n Pyroxihne, rulmictfm, Fr) In 1833 M Biaconnot dis- 
covered that starch, by the action of monohydrated mine acid, became converted into a 
peculiar substance which dissolved in excess of the ac id, and was re precipitated in a 
granular state on the addition of water llus substance known as xyloidme, when 
washed and dricii was found t ( xplode on contact of a light, and e ven if heated to 
It also explo^led jf suf jeeted to a smart blow I he subsequent reseat ehos of 
M Pelooze indicated this singular body to be starch, C”H *0'*, in which one equi- 
valent of hydrogen is replaced by peroxide of nitrogen, or byponitrie ocifL The 

formula of xyloidme would consequently be lo** On the supposition of this 

being the correct formula, 100 parts of starch should yield 187 7 of xyloidme, and 
M. Felouxe obtained from 128 to luO About thirteen years sabsequently to the dis 
covery of xyloidme, M Schonbein anoonneed bis discovery of gun cotton Chemists 
immediately saw the analogy between the two substances, for while xyloidme ap- 
pears to bt derived from stoieh by the substitution of one equivah nt of hyponitrio 
acid for one of hvdrogen, gun cotton is derived from cellnlose iwmerio 

with starch) by the sulistitution of two or three equivalents of by ponitnc acid for the 
same numb^ of o^ivalents of hydrogen 

J^eparaUm — Gun cotton can be prepared m seveial waji The most simple 
consists m immersing, for a few seconds, well carded cot on m a mixtum of eiiual 
parte by volume of oil of vitriol of the specific gravity I 843, and nitric acid of the 
specific gravity 1 600 Ihe cotton when well saturated is to be removed, and, after 
Umg squeexed to repel as much as ponible of the excew of adhering amd, well 
washed m clean cold water. As soon as the water no longer reddens lurnns paper, 
the washing may be considered sufficient The gun cotton &tts pnnared is cautLoudlv 
dried at a heat not exceedmg 21^ It is safor to dry at about 130» The cotton 
nrepared by this means explodes well, hot does not always dissolve easily in ether. 
If, consequently, it is desired to prepare a very soluble eoCMn for photographic edilodion. 
the follow mg process may be employed, in which, instead of nitrte toi^dry nitrs is used. 
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4} ouncci pure drj nitre in fine powder. 

ao drami (fluid measurtO sulphuiic ucid, ip. gr. 1 845. 

IStO graini of well carded cotton. 

The cotton ii to be well pulled out and inimertied in the mixture of the nitre and 
Bulphuric acid. The contact with the acid. &c , is to be insured by stirring and pulling 
out the cotton with two glass rods. As soon as perfect saturation is etlectcd, which, 
with gocKl management, will be in about one minute tlie cotton is to In* thiown into 
a large pan of water and well rinsed. The vessel is to be continued undtr a tap 
until litmus paper is no longer reddened. The cotton is to be Mpieezed in the folds 
of a clean towel and exiM»ed (after being again well pulled out) to a gentle heat to 
dry. It IS curious that the most soluble cotton is often the least ixplosive, although 
there is reason to believt that the most so'ubie cotton is that which nearest appioaclies 
ill constitution to tri-nitro cellulose. 

M. Schonbein recommends a inixtuie of one measure of nitric acid with three 
measures of sulphuric acid us the bt'St bath for the cotton. TIu liquid is to be allowed 
to cool previous to its iinmersidn lie also saturates the cotton w ith nitiate of pot isli, 
by immersing it in a solution of that salt before drying. Colton piepared in tins 
manner is not adapted for photographic purposes, but it is Ingbl} explosive, and 
therefoie well fitted for blasting rocks. 

The true constitution of gun cotton is by no means well istablislicd It apptais 
to be very liable to differ in corap<sition aceoiding to the method of prepaiation 
According to M lUcbninp it is esM'ntial, in order to obtain a cotton both Inlimn.iting 
and soluble in ether, to operate upon the mixture of nilie and sulphuiic acid lufoie 
the temperature (which rises on the ingndieiits b< mg mingkd) has fallen. Jf tooling 
has taken place previous to the immersion of the cotton, the resulting p}roxiline is 
fulminating, but insoluble in ether. 

'rhe analyses of MM. Doinonte and M< nard, and also of M IV champ, agree best 
with bi-nitro oellulostw while those of Gladstone, Vuiiktrcholi, and'Rcuter, Silimidt and 
HtH'ker and Pelouse are more in accordance w ith a ti i-niti o cc llulose. To add to the 
difficulty of forming a conclusion on the subject, M IMigot's ai alvses agree best with 

Uic expression /vQiy [ 0’^ which is that of bi-nitro glucose. 

According to M. Ift champ xjloidme and pvroxilme arc acted on by protacctate of 
iron, the original substance being ngcncratul. 'I bus xyloidine afioids starch, and 
pyroiihnc cotton. The regenerated cotton was analysed with the following result . ■— 

F ' periment Calml itton 


Carbon - 

- 43*35 

C 72 

4444 

Hydrogen 

- 6 31 

Jl'» 10 

C 17 

Oxygen • 

- 50 34 

O® 80 

4» iO 


100 00 

162 

100*00 


Bechamp (and others) regard gnn cotton as containing nitiic acid. The former 
supports his views with numerous experiments, but there are several disturbing 
influences preventing the products of the decomposition of gun cotton by alkalies, &c. 
being regarded as sufficiently known to enable us to express a decided opinion as 
to Its true constitution. It may be mentioned in evidence of this that duiing the 
action of caustic potash upon gun cotton, M. Bcchamp observed sugar to be pro- 
duced. The lattcB^emist in common with many othcis doubles the formula which 
we, following M.^Rrhjrdt, have provisionally adopted for ceUulosc ; he moreoyer 
formulates the latter substance and its nitro-derivatives thus 

C"H '0”,6N0*,2H0*pentunitric cellulose. 

C 4NO“. HO^tetranitric cellulose. 

C"I1'*0'',3N0* --trinitrio cellulose. 

C* H^^CH’-cellulose. 

Explosiye substances analogous to gun cotton may be prepared fi'om many organic 
fiodies of the cellulose kind, by immersing them in the same bath as for gun cotton. 
Among these may be mentioned paper, tow, sawdust, and calico. 

When collodion is wanted for an application to cut surfaces, and the cotton is with 
difficulty soluble in alcoholic ether, a solution ma} easily be obtained if the cotton ho 
first moistened with acetic ether and the alcohol *e ether be afterwards added. 

Several of the nitro-denvatiyes of starch and cellulose undergo spontaneons de- 
when kept for some time in stoppered bottles (GWsfonel— 0. O. W. 

When cotton wool is immersed in a mixture of strong nitric and sulphuric acids, 
substitution takes place immediately, and the product has only to be fircid firmn 
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ftdbering add by vaihing witb water, and tben dried Bnt m order to Inam the 
aniform produotioa of Sie moit highW nitrated eompoood, Zieitk adopta aereral 
precautions, the most important of which arc — 

] The cleansing and perfect desiccation of the cotton ptctioaslj to Its Inmeraioa 
in tho mixed acids 

2 Ihe emplovmen* of the strongest acids procurablt. in eemmerea. 

3 The steeping of the cotlou in a f^tsh strong mixture of aoidi after the dtst 
immersion and partial con version into gun cotton 

4 The continnam t of the atecpine for forty eight honrs 

5 The thorough fiuriGcation of the gun cotton thus | liidiiced from < very trace of 
fret acid, by washnifr tlit product m a stream of water for sctvral weeks | snbie- 
qu( ntl) a weak soliitu n of potanh in it be used but this i« not essential 

1 ht prolonged aj [ iication of tin s process^ s is absolute ly ncoeseary to ettiure the 
thorough nitration of the cotton, and the subs<i|ucnt punfii ation of th« prodoety for 
each cotton fibrt is a hmg nano# tube often twisted and fven doubled up, and the 
aci 1 htK first to I netrau t the inmost deptlis of these tubes and afterwa^ to be 
botkt 1 ml of them , he nee the necessity of time 
^)onl< times, to render the ^ n cotton less ex{ losivi and t > remove the last lingering 
trauN >t free acid it is impregnated with a solution of silicate of sodium (soluble 
glus^) uhich IS fold 1 into it by intunK of a eeuti fiigal machine, tpaving a central 
tube for supplying the solution It is then diiid by exposure to the air, whereby 
carbonate of sodium is firmed lud silua sc{^ irated, and the carbonate of sodium is 
aftirwards washed out with witer uhile the silica remuns attached to the fibres 
Soiiietiiiies again to i ndt t the fibres soft, and diminiBli the danger of explosion 
fVotTi vu lent friciiou ihi gun c U< n after being treated with toluble glass is 
iiunursed in a at ap le) the exoiss of whieh is then squicaed out, and the gun cotton 
finally driid 

Gun cotton is now prepared on a large scale by a process essentially the same as 
that of 1 enk, at the manufictor) of Messrs 1*n ntiie at Stou market 
Gun cotton prepared Is 1 mk s ]r cess is not liable to ex|losion by percussion i 
It ma} detonate betwe n itoii and iron if a heavy blow be atnick, but only that 
part explodes uliieh a is hit, mthout communicating ignition to the snironnding 
particles If a heavy blow be strut k on gun eotton with an iron hammer upon 
bronre or an> other coiiipurative 1} soft metal, no dttonation takea place Otto 
found, on the other hand that pyroxsline pre] ared with nitric acid alone, explodes 
like fulminating ineioury when struck with a hammer 

I he temperature at which gun cotton explodes has been very accurately deter- 
mined by Boron von Thner who fixes the lowest temperature at 136®C (2770® 
Fahr ) , but the beat required isusu lly stated to be greater than this According 
to Mtlscns, gun cotton which has b<en washed with soda and retains a small 
quantity of the alkali, does not explode till heated to 180® G , and similar observations 
have been made by Puyeii, Pelouzc, Piobert Van Kcrckbof!, and othi rs 

Abel has made a aeries of lug mut ex] inments on the combustion of gun cotton 
He finds that when quanti is t | nn cotton earning from one to two grams, in the 
form of a loose twist laid double, are ignited by meins of a platinum wire in highly 
ranfltd atmospheres they burn veiv slowU, presenting by daylight an appearaiiue 
as if they smouldered 1 he pressure in th^ case desenbed must not exceed 8 inches 
of mercury, but the rarefaction necesHary tor the result vanes with the quantity of 
gun cotton, its mechanual conduiun, its position with reference to the source of 
neat, the quantity of heat applied, and the dmction Of its application 
Gun cotton when ignited lu small quantitLs in ranfitd atmospheres, may exhibit 
dunng Its combustion three distinct luminous phenomena In the most highly 
rarefi^ atmospheres the only indication of c >mbustion is ii beautiful green glow, or 
phosphorescence, which surrounds the extremity of the gun cotton, as it is dowly 
transformed into gases or vapours When the pressure of the atmosphere fa 
increased to one inch (with the proportion of gun cotton indicated), a faint yellow 
llame appears at a short distance from the point of decomposition , and as the 
presiare is incressed, this pale yellow fiame increases in sixe, and eventually appears 
quite to obliterate the green light LastlT, when the pre^^arc of the atmosphttra and 
eoBseqnent proportion of the oxygen m the confined spact is constderable, the cotton 
bams whh the ordinary bright yellow fiame There can be no doubt that thia final 
fesalt is due to the almost Instantaneoui secondary combust on, m the air supplied, 
of the mfiammahle gases evolved by the explosion of the gun cotton. The pdS 
yellow fiame will take place m rarefied nitrog^. 

In a ssnss of espenmenta made under gradually diminiidicd prsatures, oxygen 
being used mstsad of air, it was fbaad that me gaa cotton exploded instantanewly 
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with a bnght 6ash antil the pre^iiirc was redaocd to I S inch , fVom this pressure to 
that of 0 8 Inchp it still bamed with a flish, but not iostantaneoaslj, and at pressures 
b<low 0 8 iQcb it no longer burtiid with a bnght flash but exhibited the compare 
tirely slow combustion^ accoinpaiiitd by the pale yellow flime In atmospheres of 
carbonic anhydrldCp carbonic oxidi hydrogen, and coal gas, this pale yellow flame 
18 seen as m nitrogen , but the two latter gases have a great tendency to extinguish 
the combustion, doubtless on account of their high cooling powers b} conne tion 
The slow kind ol (onibustiun of gun cotton, in tlu form of twist, may be obtained 
also in a powertul current of atinof>pheric a r if the thread of cotton be plicid in a 
somewhat narrow glass tube Indeed it wis found tliat if, even tor the briefest epac « 
of time, the gnsis resulting from the first action of beat on gun cotton upon its 
Ignition in opm air are impeded from completely enveloping the burning extremity 
of the gun cotton twist tlu ir ignition is prevented, and the gun cotton continues to 
burn in the slow and itii perfect manner, undergoing a transformation similar in 
character to destructive dihtillati n By propei arrangements these gases may be 
burnt at the mouth of a tube uhil the gun cotton is burning in the interior Ihcre 
18 little doubt that these products of decomposition vary as greatly as the phenomena 
thimselves , thus in the instanei of the most impertcct metamorphosis of gun 
fottoii the products ineludel a considerable pioportioii of a wh te vapour si wly 
dissolved by water as also small qiuntities of nitious acid, and a very large propoi 
tion of Aitnc oxide eyaneigcn too iKalwn^s foind Jhis contrists s rongly with 
the simpler products of d compoHtion fmmt b} Kar lyi when the gun coton wts 
exploded under the pressure of a confined spice 
Abel oonsiders that the reranrknhle ficility with whieh the combustion of gun 
cotton in the air or other gas s nin} he meidifled might be taken advintage of to 
pro luce a variety of mechanical effects and he states, that by enclosing in suitable 
eases solid cordi made up of two or more strinds of gun cotton moie or less com 
paetlv twisted he has succeeded in pr ducing fuses and slow /natcbes, the time of 
burning of whuh may he accurately regulated See Watta* ** Dictionary of 
( hemistry 

(jUN MfTAL The Austrians have introduced a new gun metal, called fiom its 
inventor, Auh metal It is composed of copper, 600 mrts, zinc, 382 parts, iron, 
18 parts Its tiiiacit} is said to be excessive it is easily forged and bored , when 
cold It may be Unt considerably uiihout breaking and wc are told its resistance is 
far greater than iron of the best ejuality See Brass and Copper 
OUNNl Rk Under the heads of Artiiliry and I iri arms, we have in 
eluded every point with which it appears n cess try to deal iii a work of this 
description 

GUNN! Cl 0111 or BAGS Tkc coarse sacking made in India which is used 
for wrapping nee lees, Ac I he Bengal giinn} cloth is made of the fibre e f a specie s 
of rbrcWvf, while that of Bomba} and Madras is manufactured from different kinds 
of sunn fibre the Ctotolarutjmiiitea^Smmonds 
GUNPOI^ DER The discovery of gunpowder has been claimed for Roger Bacon 
and Scliwartz The ground for thia pf^ars to he no more than this In their 
writings the earliest recorded mention of roe discovery is made in any European Ian 
guage Roger Bacon* unquestionably antecedent to his German rnal, was born 1214 
and died 1292 bik work, **De Nullitate Magis," appears to have been written 
about 1270, while Klreher’s account gives 1354 as the date of the discovery by Schwartz 
It appears, howeves. that an Arabic manuscript exists lA the coUection of the rseurial 
which unmistakaSjHesciibes gunpowder and its properties, the date of which ib an- 
ti nor to 1250 -^Mallet 

This well known composition is emplo}ed fiir charging the numerous varieties of 
fire arms Its use depends upon the fact that, at the moment of ignition, violent 
d flugration takes place accompanied by the evolution ofa large volume of gas It ib 
(\iUnt that if the explosion occurs in u limited space, a vast pressure aoeumnlates 
a id hicomis a propulsive force 1 he gas produced by the explosion of good gim- 
1 )W(Ur occupies nearly 900 times the volume of the powder itself, but* owing to the 
hi.^h tiropcratuie, the space occupied bv the gas at the moment of formation, is ifiY) 
bttblj neaily 2700 times greater than the volume of Uie powder One of the foest 
popular errors regarding tlie projectile force of explosive substances, anses from the 
ixtuniel} vogue nieaniug generally attached to the words strong, powerAil* andothkn 
c luivaknt tetnis It is this which leads so many to imagine the possibility of aMn- 
ing inarvellou^ long ranges by means of the variouf fiilminating substances IrtMtwtt 
to eliduihts The latter are unfit for use in fiicarms, owing to a variety ot olrtmii* 
stances One of them is the extreme rapidity of thi ir oxpldsion 'I he wMo miss i^- 
pcars to be converted into gas at once, whorcas in gunpowder the ignition proOeSttsfrWW 
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* panicle to panicle. The lotion of ftilminatei U atao too local ; If • portion of any of 
ue more ▼lolcntly ezplucive aub^tancet be flrfd on e i»iece of motal, the llttor wlU be 
perforated or depressed exactly at the spot oocnpied by the snbdtatuMb ihd If ft be 
attempted to use it to charge ffreanns, they ^lU be ib stroyed* and yet| in aU ptbha- 
bility tho bullet not pnijeeted. Mitrenter, it it im][«o«sdtle tn use fhtmlliatce soMtSl- 
fiilly for charging shells because the latter, instead ot being htoim into pieoes of 
moderate size, capable of indicting latge wounds and throwing down tmtldings, 
become converted inte fragments so small as to be fhr less destructive. The escape 
of the llmpcror of the French, from a rt cent attempt at Ills assMiination, was pro- 
bably owing to this circumstance. 

It has been found that no ronkpoirtion fulfils so mar.^ rct)nisi(es fbr charghig fire- 
arms (IB a niixtnrc, m due proportions, of Milphnr, ttttr«% and charcoal It is this 
composition which iii the foim Of small (•nuns more or less polished, constitutes ^un- 
pi»%dir. The latter ilioald possess several properties ^hich, although sometimes 
teikdiM/ m oppostu ditiUons ato not entirely neomjpHtible, and rna> therefore be 
lu i(\ attained j praciici Some of the pnnci]ul of tlusc arc the following 
I riu piopnrtions sboiild bf so adjusted thA> tho (onilntsimu may bi compleU*, and 
iiril nsidtir be loft after explosion. 2. The pow>Ur should be as little li>gromctnc 
as poMsibte 3 It should be sufiioently, but not too exph>Mve. 4. It should bo Lard 
luid (hmsc enough hcai carnage without breakage ot the grains. 

Too great a proportion of onrbon and sulphur 'nill cause lapid fouling of the gan» 
and thu explosne forei will be less than it should he; too small a proportion of 
sulphur «iU render the ponder tiw hygrometne. The presence of soda or chloride 
ol ]iotaRMUtii in the nitre vi ill lend to the same fault. The powder must be sufficiently 
stamped or it a ill not |iQ''SeRs the fourth reipiisitc. 

The histur} of gunpowder may be conveniently studied under the following 
bonds : — 

Pieparation of the uigridients. 

Mixture and granulation 

Modes of estimating pioji lIiIc force 

Analysis of gunpowder 

PuFPARAlTON OF IHE iNOnFriXEMTS. 


PteparaUon of the nitie, — The nitre employed for powder is always In a state of 
almost absolute purity, especially as regards the presence of the chlorides of potassium 
or sodium. The crude nitre of commerce contains several impurities, among which 
are found nitrates of soda and lime, chlorides of potassium and sodium, and sulphates 
of potash and soda. They arc all removed by crystallisation. The prlnc^ 
impurity is common salt I'he process of puiiflcation is founded on the Act 
that, the latter substance is almost equally soluble in hot or cold water, whefeos 
nitre is far more soluble in hot than in cold water. Tho following is the French 
mode of refining saltpitrc - 'vqo kilogrammes are ^ntly heated with 600 litres 
of water in a copper boiK r The siilution Is constantly stirred and skimmed, and 
more nitre is added, uiitil the toul quantity is* 3000^ kilogrammes. As soon as 
the whole is added, and it is presumed that all the nitre if dissolved, the com- 
mon salt is removed fiom the bottom of the boiler. The solution is now to be 
clarified with glne. For' this pnqioiK^ 400 litres of water arc added ^ small portions, 
and then 1 kilogramme of the glue disfiolved in hot water. The Mtidf, which soon 
rises, is remov^ and the fluid is boiled until clear. The Whole Is then allowed to 
cool to abont 194^, and the solution of nitre is carefully decanted ftvim the Idyer of 
common salt into the crystallising vessel. The latter is a large fallow pan with 
sloping sides. The fluid is constantly stirred as it cools, in order that the erystals 
foiincd may be very small, this is done in order to facilitate the washing procssf* and 
also beeanac the Ane powdery crystals are well adapted for admixture wftb the other 
ingredients. When the crystallising solution is cold the nitre is remmd to boxes 
ooDtaining Alse bottoms, pierced with holes. The aperture in the bottom of the box 
(below the Alse bottom) being closed, a saturated solution of pure nitfe A poured on 
the eiys^ to dissolve out the chloride of sodium Being already saturated ft Is 
•videiit h moot dtssohe any of the nitre. After remaining two hotin in contact 
with the nitre, the eolation u allowed to nm off, and when the dropnlag has uI-mw* 
entMy the process of washing A repeated, substituting pnvo ^ter fbr the 

^ Trt>« i. drM gmQt heat, bewe .Mrtndr ilirnd to 
enaMe ft to retain the pulverulent form. The power (above alToded to^ rrmrsaiid bv ‘ 
a satm^ solution of nitre, of dAsolving other salts him been taken idvamu^f ^ 
m of the proeyy Afr analysing saltpetre. Some manuActurers fhaethe nitre after 
^J'— ^ >y ****^ «y*i«IUMti 0 B, tUtnoem has aweral dtaadoa ntag M, 
othera that of necMihatiag iBaehinery to ndaor h agtin to a pnWondoot 
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J*r^ratum of tho tubhur — Sulphar may be purified fiir the guopowdcr maker by , 
two prooeesei In the firit the crude article u fuied in an iron pot, so contnved that 
the fire does not piny directly on the bottom, but only round its sides I he lighter 
impurities are to be removed by skimming, while the heavier sink to the bottom 
The temperature should not bt allowed to rise much above 232^, fur it then be- 
comes sluggish, and at J20^ it is so thick as to prevent the impurities fi'om being 
removed 

Sulphur may be more readily and economically purified by distillation The 
apparatus for the purpose is exceedingly simple in principle, but the process requires 
care, and is not entirely fioe from danger As it is not intended to obtain the sulphur 
in the state ot flowers, the appiratun for condensation is not required to be kept cold , 
lu fact, the still is purposely placed so near to the chamber of condensation, that the 
sulphur may be rcctivtd in tlu fluid state There are scvcial points whieh must be 
attended to in the construction of an apparatus foi tlu distillation of sulphur , they are 
as follows — 1 The crude sulphur must be capable of bung introduced, and the 
nfined product removed easily, without air tieing, at the same time, permitted to 
enter the still or eondinsir 2 1 ree means of egress tor the heated air must be 
provided J The contrivance foi the latter purpose must not allow fresh air to return 
4 The process must bo continuous The still and condcnsei employed m k ranee for 
the puntieation of crude sulphur tulfils all these conditions 1 he still is in the form 
of a very wide nieked tubul tied retort, made of cast iron It is set in hiickwork over 
a furniu i and npc ns into a square brick chamber surmounted by a dome 1 he latter 
has a rather short chimney over it containing a valve opc ning upward* to jpermit 
escape of the htaid itr hut not allowing anything to leturn Over what may bo 
termed the tubulatun of the retort or still is ] U ed an iron pot with a tube commu- 
niciting with it Ilu pot is luated by the samehre that works the still Ihe crude 
sulphur 18 placid in the pot whcie it melts, and raising a plug, which closes the 
tuhulituie, mil} be mode to enter the still The pipe forming the tubulatnro rises a 
shoit dibt'ince aboie the bottom of the iron supply pot This is in order that any 
Inavy miclianieal impurities may sink to the bottom, and not enter the still, and 
uniieeissanly clog it If the pot be always kept full of m lied sulphur and the latter 
is p rmitted to iiiiir by raising the plug, it is ividint that no air will find it way into 
cither thi retort or condenser It is exceedingly impoitunt th it this should be the 
CISC, becausi violent explosions are liable to occur if the highly heated vapour of 
sulpiiur comes lu contact with an oxidising medium such as almosphcric air, which 
would convert it into bulphurous acid The melted sulphur which collects on the 
llooi of the chaiiibei is allowed to flow out w hen desiri I, by means of an iron plug 
nttiichcd to a rod of the same m tal 1 be sulphur is not allowid to run out entirely, 
so os to permit air to intei, f ir the reason stated above Tiio 1 >ss occuriing during 
the pui ifieatioii owing partly to oxi lotion, resulting in the formation of sulphurous 
acid, and partly to the fixed impurities contained m the crude material See also the 
ariiel Siri phujc 

Puparation of Uw that coal - Of the three ingredients of gunpowder, the most im- 
poitniit lb genc^ly conbidered to be the eharcotu Unfortunately the woods which are 
best adapted for the production of pyroligneous acid, arc not fitted for the manufac- 
t lie of gunpowder, the charcoal must, therefore, be piepared specially The follow 
mg aie the essential properties of good charcoil for powdei — 1 It shoald be light 
and poious 2 It should yield little ashes 3 It should contain little moisture 
1 he woods y lel^m good powder charcoals arc black alder, poplar, spindle tree, black 
dogwood and i^Ptiiut Hemp stalks are said to yield good choieoal for gunpowder 
The operation of preparing the chaicoal naturally divides itself into three processes. 

1 i he selection of the wood 2 Pieparation of the wood previous to carbonisation 
3 1 he carboniH itioii 

In selecting tlic wood care is to be taken to avoid the old branches, as the oha*wOBl 
ni ide from them would yield too much ashes The bark is to be rejected for the same 
1 eobon 'J he wood is to be cut into pieces from feet to 6 feet long If the branches 
used are more than J of an inch in diamiter they are to be split If the wood be 
too large, great difficulty will be found in uniformly charring it 

i here are two methods employed in the charrmg of wood for ronjiowder* la 
one, the operation is conducted iii pits , hut the prociss more commody resorted to tf 
distillation in cylindrical iron re orts There are certain advantages in the pit 
cess but they are more than counterbalanced by the convenience and neonomy w 
distillation The stills used are about 6 feet long, and 2 feet 9 inches la diipi^* 
The ends of the cylinders are closed by iron plates, pierced to admit tubes of W 
same metal Some of the latter are for the introduction during the oarbofillSlioig oc 
•ticks of wood which are capable of being remove^ to indicate the stage of the ^ 
composition, while another commnnicatcs with the eondenser. The more firsely w* 
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volatile matter! are allowed to eicape the better the quality of the reealting charcoiiL 
If care bo not taken in thie ris|teet, c 8 |>ecially aa the dUtiliacioo reuohei Ite cloae, tho 
tarry matter! become deiomposcd, and a itaid loatiug oi cathon k dejMiailed on tho 
charcoal, which greatly lowen lU quality. The proocM of baming ixi pita it ounai- 
diied to 3ield a superior coal, owing to the fkcility with which the gases and Taponre 
tiv off 

The degree to which the burning or distillation is eariiMl, matonaily inAuences the 
nature of the reeulting powder. If the operation be ai rested beihre th« charcoal 
iK'Comcs quite black, so that it may retain a dark^hrownish hue, tho pow dt r will he 
more explosive than it would be if it wok pushed until iht charcoal had attaineil a 
dt^p black colour. When it has been (bund that no more ViilaiUe products are hLitig 
gi\( n off the fire is dauipcd, and in a it w hours the contents ol ths t flinders aie 
tiaiiiiA rred to well closed iron boxes to cool Hee Cabbon. 

MUTirnn and ORANui.ATioif 

\ v« r> lonsidciaide numbtr of methods have been imploved at vanous times, for 
(111 rung thit tborott^ incorpomtion of the ingrcdunts n»»<issary fur the production 
of A p powder The oldest method consists in stamping the materials in wooden 
mortals The pestles are square shafts of wood ending in brass beaters The 
inoiiuis arc of wood, and so suai>ed that any of the composition which may be fontd 
iipw ardi bv the blows of the stampers, falls back to the bottom In onh r u> prevent 
ti AC turn of the mortars a piece of woc^ ot the toughest kind should be let m on the 
«pot wlure the pestle falls The pestles are raised by means of cogs hxed on a shaft, 
diiicn by a water wheel or steam engine. 

(toe of tho many methods adopted to mix the nitre, sulphur, and charcoal, is hy 
mtans of drums containing metallic balls, bnt this airangcment is inferior to that 
where edge stonu are cmplo> ed This last is superior to ail others, the pr(Klnct hi ing 
not only %ery dense and, therefore, capable of endunng, without becoming pulverulent, 
the motion unavoidable in carrying it abont . but it is also thoroughly incorporated It 
IS, of course, essential that the stones and the bed on which they work, should not strike 
fire during work To secure this, they are sometimes made of calcareous stone, and 
sometimes of cast iron. Pre\ lous to being subjected to the action of the mill, the ingre- 
dients must he pulverised and mixed The pulverisation may conveniently bo 
effected in wooden drums, containing metallic balls Tbo pulverumd materials, after 
King Sifted or bolted, and weighed out in the proper propmions, are to he inserted 
in a mixing drum, containing on its inside pic*cc 8 of wood pr^ecting inwards so thaS 
as It revolves complete admixture gradually takes place The product of the last 
operation is now ready to be laid on the bed of the mill IKring the grinding, the 
cake le kont moist the addition, at proper intervals of enough water to make it 
( tihere. As the stones revolve, a scraper causes the material to take such a position 
that It cannot escape their action. The cake produced hy the action of the stones is 
1 4 . uly for graining or coming Foi thi« purpose the rake is subjected to powerfnl pres- 
suie, hy means of a hydrauho press. J he mase is then broL(,a up and transferred to 
a species of sieve of skin or metal piciccd with holes A wooden flail is placed on the 
fragments and the sieves are violently agitated by machinery. By this meau the 
grams and dust produced by the operation fkll throngb the bdltt in the skin or metal 
discs, and are afterwards separated by sifting. Sometimes the machinery w so arranged 
that tho graining and separation of the meal powder is effbeted at one operation. 
The meal powder is reworked, so as to convert it into grains The next operation 
t» which the powder is subjected is glasrog. Its object is to render it lest liable to 
injury, by absorptioa of moisture or disintegratioo dunug its carnage from place to 
place The glaamg is effected hy causing the grained powder to rotate tor some 
time in a wooden dram or eyhnder, eontaimng rods of wo(d running ftrom end to end. 
The grains aa they mb against ea^ other and against tho wooden riba, have their 
angles and asperities robbed oli; and at the same tune the snitoce Koomes harder and 
polished. It is finally dried by exposare to a stream of air, heated hy of 

steam. 

A vatt Bunher of experiments haoa been made, at varioas times, to dtaeover the 
nroportioBsof nitres salphUr.and charuoal best adapted tor the prodnctlon of goapowto. 
It has been toimd, as might have been anticipateik that no general role can be given, 
no admixtnre ean be made which shall ftilfil every requirement Those pi^deni 
which eontam the Urges! qaantitics of oharooal are, it is trae, at potreiftil at ethert 
in pfejeetUe force { hnttfaeyhave the dlttdvtntage of attracting more hnimidHy from 

the air. It U very singular that all naBonS appear to have found, by trial, fkt iropar- 
tiont most genertOy nteftil for ordinary pnrpotea, and it is worthy of mnam, that 
they all approximate to the peroentim required hy the very cbnple 

Vot. II. O O ^ r- 
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KO.NO* f S4-3C. In Art, the I’niuiin powder appmache* >o cloiely the thro 
ri iieui iiunihm, that they fall within the liiuitu of the erron of analysb, tbuiii — 


PriiHiliin pfiuilcr. 
r— 1 

NiJre - - 7j'0 

Sulphur - 11*5 

I'lmrcoal - 13‘5 


Tliroiptlcal proiiortiuim. 
K(>,NO‘ 03 or 1 equivalent 74*8 

s - 16 „ „ iro 

O - 18 or 3 equivttlenU 13*3 


100 0 


127 


100*0 


When A powder ennstituted as above is fired, the decompobition is prolmbly os 
follovrs (repribc'nted in syiiilMiltii) . — 

KO.NO* 4 S + SC - 3CO* 4 N 4 KS. 

Tliat is to s<i\, the explosion of one equivalent of powder results in the formation of 
thii'c equivafents of cailKiiue acid, one of nitrogen, and one of sulphide of potubsiuni. 
It is evident that thtse theoretieul relutioub are not absoluitly the true expression of 
the pherionieria, hecaiise, in the first place, gunpowder is merely a niechauical niixtun*, 
and not a definite cheinicjl comiiouud ; and, in the next, the charcoal is repie- 
bented hy thesyiiihol 1' us if it were pure earbou, whereas, m fact, eveu the purest 
and best made charcoals contain yariable amottiits of hydrogen, ashes, and oxygen. 
The hydrogen is partly converted into water and partly mto hydrosulphuric acid 
(Hulphurctted hydrogen). 

The following are the proportions of the ingredients used in various countries. 


Talk of the Compontion of various Gunpowders, 



Nitre. 

Sul|ihur. 

Charcoal. 

English war powder . • - 

75 

■mm 

15 

„ sporting ditto • - . 

77 


14 

French war powder - • - 

75 


12*5 

„ sporting ditto ... 

76*9 


13*5 

M blasting ditto ... 

62 

80 

18 

„ „ ditto (another kind) 

65 

80 

15 

United States war powder 

75 

12*5 

12*5 

Prussian war powder ... 

75 

11*5 

13*5 

Russian «, h * * * * 

73 8 

12*6 

13*6 

Austnan 

75 

10 

15 

Spunish „ M • • ■ “ 

76*5 

12*7 

10*8 

Swedish 

75 

16 

9 

■ Chinese 

75*7 

14*4 

9*9 


Blaating powders contain less nitre than others, the oombnstion is therefore less 
)>orfect, and if used for artillery or small arms, not only is the piece yery soon ren- 
dered foul, but the baU is pregeoted to a much less distance than is required in prac- 
tioe. In France, where a heayy tax is laid on sporting powders, this difference of 
composition preyents the cheap blasting powder being used in fowling pieces. 

MoJH of ESTlMATlltO THB PbOJBCTILE FobCB OF GUNPOWDEB. 

The usnal mode of determining the propulsiye force of powder is hy ascertaining 
the distance to which it can throw a ball of known weight The instmmedt used 
in this country for this purpose consists of an 8-inch mortar char^ with S oittiecB of 
powder, the balls being in each case of the same siseand weight The FMnohuse 
for the purpose an iron mortar, elevated at an angle of 45^. The mortar is 7*6 inches 
in diameter. The ball is of bronze, and is only 0*067 inches smaller than the bore 
of the goal the windage is, consequently, very smalL The charge of powder hehig 
3*2 ounces, and the wmght of the ball 65 lbs., the latter should be thrown not less 
tlian 487*5 yards. 

The force of powder may also be estimated by means of an instrument, afikd c 
pendulum mi. It consists of a gun barrel hung at the lower end oi a pendnlnm, m 
arranged that the amount of anguar deviation caused by the recoil may be meksursfii 
the balls may also be fired into a cup suspended to a similar pendulam. The data ob- 
^ed serrf to enable the rapidity of motion of the ball, at the moment of digohergs, 
to be cslcuttted by means of formnlm contrived for the purpose. 
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Os TDE ANiLTtts OF OcirrowuBii. 

Several methods have been given various cheoiists fbr the aiialyais of gun- 
povtdei : the following, on the whole, appears the moMt ifleotlve:- Tho percentage of 
water is, in the first place, to Ik* determined by dicing rn racuo oyer sulphuric acid, 
until DO more diminution of wei|;ht (K*cais. The due 1 powtltr, or a fresh quantity, 
IS then to he washed on a filter with boiling water, until nothing more is uisHOlvod out. 
The usidiu* is to be dried below 212^ and weighed: the loss is tlu iiitie If pre- 
fiirid, the solution of the nitre iuu> be evaporattd to di)iiv%«, and tlie residue 
weighed. The mixture of charcoal and SLiiphur is then to be digested m a stoppered 
disk viith bisulphide of carbon; this will dissolve out the sulphur and leave the 
i iuu oai. The loss ot weight of the dr> mixture of sulphur and charcoal will enable 
the percentages of sulphur and cbaicoal to be calculated If it be ihbinrl to know 
the quality of the ehirooal, a combustion of it may be made with a mixture of chio- 
matt (0 h ad and hichroinuii of potash. Ordinal y charcoal contains iiom 69 to 74 of 
c .1 Won. ‘I u to .j ii hydrogen, ii r* to 3‘0 per cent, ashes It has been utteiniitcd to dib- 
out the sulphur with sulphite of soda, oi causti<‘ p<rtubli ; but thebc mctliods m- 
vol\i several sources of error. 

(iood gunpowder should uot low more than 1 per cent of moisture on drying. It 
should uot leave alkaline globules, when exploded on a clean metallic plate. The 
s|K*cific gravity of a good |>o«der should not be leas than 1*755 *, It is sometimes as 
high as 1*640. The denser the powder the better it endures transportation. As the 
density cannot be taken in water, owing to the solubility of the nitre, turpentine or 
Iwnsole must be substituted, a correction being made for the difference in density of 
the fluid medium. —C. G. W. 

Hot Miry's and ErhurdCs Gunpowder. — In tl«c Chemical JVeicjr, August 16, 1862, we 
find a short paper ** On an Explosive Compound,*’ by John Horsley, F.C S. “ If nine 
puna of well <j&ied and finely powdered chlorate of |)otash be mixed with three parts 
of fine powdered galls, a highly explosive compound is formed, which needs no 
granulation. As it will not admit of trituration in a mortar, the mixture should be 
made on paper by means of a bone spatula, or by passing it through a fine brass sieve. 
The strength ctf common gunpowder may be increased by working up with the 
powdered meal about 12 per cent, of powdered galls, and regranulating it. I have 
been acquaiuted with this for several years, but never publitbed it before.'* 

Dr. Erhardt has yet more recently patented a powmir, the peouliarity of which is 
that the ingredients are kept apart until they are required for use. Thia appeors to 
be in one packet (chlorate of potash), and in the other, tannin. These are mixid 
together in certain proportions, and diluted with powdered anthracite, according to 
the purpose for which it may be required. Ai a blasting powder in quarries. Dr. 
Erhardt’s powder is said to possws extraordinary power. 

SchtdUeU Whits Gunpowder is a tri-nitro ceUuIose, prepared firom sawdust by the 
following process, llie sawdust is first boiled for three or four hours with a weak 
solution of soda, and then boiled a second time with a ftresh lot of the same solution. 
It 18 then washed in running waUr, afterwards steamed for fifteen minutes, and then 
apin washed in running water for twenty-fonr hours. It it now bleached with 
chlorine or chloride of lime, boiled in water, onoe more washed in i^tieam, and now 
dried* The sawdust is now readv to be treated with nitric acid. this purpose a 
mixture of 40 Mils strong nitnc acid (1*48 to 1*50) is mixed with 100 parts of 
sulphuric ueid (1'84) i und the mixture is allowed to stand two hours to cool. One 
hnadrod paiti of this mixture are then placed in an iron Tesiel, aronad which a 
atxeam of cold water cireulatei, and six mta of the sawdust are gndnilly added^ 
stirring all the time. The sawdust is allowed to remain in the acid two or three 
houn, the etirrinff being contiooed. After this time the whole is tronsfimed to a 
centriftigsl msohane, und the acid separated. The wood Is then washed Hat two or 
three days in cold water, afterwards boiled in a weak soda solntion, again well waihed 
In cold watier,aiid then dried. It is now ready for the final opeiation, whM OoiiiMe 
in soaking it for tea or fifteen minutes ih a solution of 96 parta of nitrate of Mask in 
990 parti of watsr. After this it Is carefhlly dried at a temperatare not axeaediag 
44^ C. » the ve^ fine dost Is then separated means of a drum lievoL agfi fh# 
remainder la ready for markat.«Chein. Central Blatt» No. 44, p. 704. 

About aix years since, K, Hoehstfidter made a comparatively safe apfUearian of 
chloeate of potash to explosive pmpos es . Unsised paper arss ThnfnnjtilhriOilLiii In 

and coated with, a thia iNWia eonaisting cf chlorate of poladb ftoilHmlM 

a small qnanti^ of anlphide of aatimoDy, and a little staidh, ftmihrfitliia aMltr 
binding mnterial, water h^g aied as the solvent and mixing amt 
rolled op veiy oompaefiy, and dried in that form. Ih <lus manner 
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nn c*xp1nsi\c material ore obtained, which bumi with considerable ▼iolenee in the 
air, and the propelling effect of which in small arms, has occasionally been 
found greater than that of a corresiioDding charge of rifle powder. Moreover, the 
material, if siihnntted in small portions to violent percussion, exhibits but little 
tendency to detonation. Hut as no relianee can be placed on a sufficiently uniform 
action of these explosive rolls in a flreami, this alone sufficed to prevent their 
competing with powder. The same description of explosive preparation, diffeting 
only from that of Hoehstiidter in a trifling modification of its composition, has recently 
been brought forward iu this eountry by M. lUichen and Mr. Melland. 

An explosive composition was patented in this country, in which spent tan broken 
Into small fragments was saturate with the oxidising s^nts, nitrate and chlorate of 

{ lotasli, and then dusted over with sulphur. This composition deflagrates slowly when 
gnited hi the open air, but when confined in blast holes it exhibits sufficient explosive 
force to do s^d work.—- Sec Abd's Lecture On Jiecent Progress in the HisUnry of 
VrofKtsed SwsUtutes for Gunjiowder, Royal Institution, May 4, 1806, and Watts’ 
“ Dictionary of Chemistry.” 

Gunpowder render eti non-explosive, Mr. Gale’s Patent. The rapidity of burning of 
gunpowder*— which is only another name for ita degree of explosiveness— depends, 
cwteris parihuSf upon the facility afforded to the propagation through the mass of the 
heated gasi‘S generated by the first ignited portion. The requisite facility is afforded 
in ordinary gunpowder by breaking it up into grains, thus creating a number of 
crevices through which the gases can pass from grain to grain with a rapidity pro- 
portioned to the sise and number of the inteisticcs. Mr. Gale*s process consists 
merely in filling up these crevices with finely powdered glass or other snltable sub- 
stances, thus shutting off the communication between the grains, and destroying the 
explosive character of the powder. He dilutes the powder, so to speak, with so 
much incombustible dust as may be required to prevent it from burning ; and he 
restores its explosive character at will by simply sifting out the diluent and once 
more opening the pores of the powder. 

Considering that nobody acquainted with the nature of gunpowder was ignorant 
of the simple facts upon which Mr. Gale's process is based, and that these facts were 
experimentally proved on a large scale by M. Piobert as far back as 1835, and by the 
Russian chemist Fadeieff between 1841-4 ; that the results of these experiments arc 
detailed in Pwherfs Tiaitf tTArUUiriet and that similar experiments have been mode 
more recently in this country, Mr. Gale can hardly claim for this proposition the 
originality which was at first popularly supposed to attach to it Indeed, it seems 
that his process differs from that of Piobert and Fadeieff only in the employment of 
a different quality and larger quantity of protective powder. But the question of the 
probable value of the process is distinct from that of its originality. While hesi- 
tating to pronounce an opinion aa to ita possible occasional value for the storage of 
mercTianrs' or mining powder, we may confidently assert what we believe to be the 
opinion of the minority of naval and military men, that for military purposes or for 
the treatment of powder on board oor ships of war, the discovery has no practical 
value. It is at once open to the very definite objection that it entails an increase of 
storage room to three and a half times that now required, while the transport of so 
much additional dead weight, whether on sea or on land, may be regarded as abso* 
lately impracticable. Such experiments as have b^n made have, moreover, 
exhibited a decided tendency to nnmix in travelling ; in other words, a tendency on 
the part of the powder, resulting from the different sneof its grain aa compared with 
the grains of ajUMast, to resume to a dangerous extent its explosive character { and 
there is little IRBEt that the delicate sniface of powdCr is liable to be sensibly affected 
and fouled by the protective medium, while strong doubts are expreaaed aa to the 
keeping qaalitles of the mixture, which lengthy and carefhl experiments done eonld 
•eolve. It would always be necessary also, on service, to keep so laigC a supply of 
powder readv for immediate use as to render quite insignificant the degree of a^i- 
tional seennty which might be afibrded by having the remainder nOo-evploslve. 
The formidable objection to the proceos on the acore of its entaiUog a ccnsidenble 
amoantef extra numlpulation of gunpowder, which would alwaya M attended with 
more or leaa danger, delay, and uncertain^, has never, that we are aware* been 
satisfactorily disposed of; and officers whose opinions are entitled to eVery oonsifier- 
ation ohiect generally to a aystem which tends to establish In men’s mim a fiedlBg 
of security about a tuhstance which, however hsimless It may temporarily he 
rendered, must finally and frequently be handled in its exploiive form. 

How far, or how many of, these objeotions may apply to the process finr civil use 
cannot be decided without reference to the particular olreumstances of each cuwi 
^t, toother, they certainly appear luffieiently formRable to pieelade the employ- 
mcm or the process for military or naval powd<‘ra, either in tranaport or in ators. 
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An experiment just made (1866) in a martvllo fewer near Bjt, willi five (one of 
gunpowder rendei^ non-explosive by the process proposed by Mr. Gale, will 
probably have attracted sufficient attetiuon to render acceptable those few words on 
the rationale of this so-callcd discovery and its probable valaa for military or other 
purposes. 

The magnitude of the Uye experiment gave it a speemus impoftanro, (n wbioh it 
had no rem claim. But when five tons oi gunpowder srr seett slowly bnruing away 
without any explusivc effect, it is diflicuU tv make people ni derslapd tlut a great 
piaetical result has not been aehieud And Clila wss the sight by which vtaitors 
to Tett Level near Rje were u warded. Five tons ul cenniM powder had been 
mixed with twent> tons of glass dusu and stowed in bam is in die inagaiine and 
ou (he basement fioor of a luattello tower. An aticmpt was find made to iaus<* 
an explosiuu or a conflagration i^y firing one barrel, and when (hit foiled, a sorr of 
bonfire was ignited within the tower, wbioh rapidly conduuiiieat* d from bamd to 
barrel and burnt steadily, with a dense acrid atnoke fri ni the door uud window a ot 
the iiiwtr Hut there was no explosion— >noibing more than an occusioual dull, 
iniifHed puff aa the contents of a fresh barrel t angiit hre 

'I'be experiment placed btyond doubt the elliciciic> of the method of protection 
l>ro|)OBed, even for a very large mass closely stowed in a confined space ; but it left 
the rjuestion of the wisdom of adopting that particular method precisely where it 
was before. 

I'he above remarks, which completely om brace the question, are borrowed fnmi 
an (i\( client article iii the Pnll’MaU Gazette, Little need be added to ilieni. It 
will lie gathered Arum Uie first paragraph that the gunpowder is not rendered really non- 
exp'osive, but that Iterate of combustion is retaided. Confined in a cask or any 
\CHKel prescuilug the escape of the gases formed, the result would be, after a little 
time, an explosion. 

Tins mixture of powdered glass with gunpowder has been recommended also for 
piotecting powder from damp; it baling been fo^itten that all piirous iKidies, 
and powdered glass espi^cially, have the property of condensing moisture from the 
atinospliere within its pores. 

In 1864, our gunpowder exports were 15,422,603 lbs. ; value, 428,938/. 

The following are the places to which the largest quantities ha\e been sent 


Western Africa (Foreign) 

IlM. 

. 2,743,905 

Value. 

£61,732 

I'hma, exclusive of Hong Kong 

• 1,419,595 

88,156 

Chill 

- 2,276,560 

56,166 

Braxil - - - - • 

- 1,033,194 

35,926 

Australia . - - • 

- 1,921,722 

48,203 


GUTTA PERCHA. Althonirh the trees yielding this substance abound in the 
forests of the Indian Arch pelago, tiie fiist notice taken of it appears to have been 
by Dr. W. Montgomerie, in a loiter lo the Benii^l Medical Board, in the beginning of 
1 8 13, wherein he recommends (he substance as likely to prove useful for some surgical 
|iiirpoM*s, and supposiHi it to belong to the fig tribe. In April, 1843, the substance was 
ukon to Europe by Dr. D'A Imeick ''vlio presented it to tbs Royal fiocioty of Arta»of 
laiiidon, but it did not at first attract mm h attention, as the Society simply acxuowledgcd 
the receipt of the gift ; whereas, its value becoming known, they awarded a gold medal 
to Dr. W, Blontg^crie. 

The gotta pereha tree, or gotta tuhan, as it ought more properly to be calleiL 
according to Mr. Oxley, belongs to the natural familv Saptiiluet but differa 
much from all described genera, having alliance with both Atkrae and Bhwiu, but Of- 
fering to acm eisentials from both. It is the leommdra gutia of Hooker, and is 
described in the London Journal of Botany, 1848, where it ia figured, a^ in Perrini's 
Malena Medico* 

'I be tree Is of a large siae, from 60 to 70 feet in height, and from 3 to 3 feet in dia- 
meter. Ill gooeral appearance resembles the genus Doric, or well known Deinam, so 
much io as to strike the most soperfioial observer. The ontesurikee of the leal^ 
ever, is of a mote reddish and decided brown than in thedurio, and the shape ie aeme- 
what diffeient. 

Only a short time ago the gutta pereha tree was (olerablv mbondtat on the UhM of 
Singapore ; but already all the large timber has bean felled, nnd fitv, if aat. oAat 
than small plants, are now to be (bond. The range of its growtl^ boifever, eppseri to 

be eonsideimble, it being Ibund all np the Malayan Peninaula, aS jl^ ai I'toiaaa. Thn 
tree ia also fbundin Borneo^ and. there te little doubt, is to bo fhundUi msaltf (ho 
islands s^aeent. » 
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TJie locttliti(*8 it particularly likes ar^ the alluvial tracts along the foot of hills, where 
it flourishi>s luxuriantly, forming, in many spots, the principal portion of the jungle. 
Itut, notwithstuiiding the indigenous character of the tree, its apparent abundance and 
wide-spread diffusion, the gutta will soon become a very scarce article, if some more 
provident moans be not adopted in its collection than those at present in use by the 
Malays and Chinese. 

Montgomerie says ** a magnificent tree of 50, or more probably 100 years' growth, 
is out down, the hark stripped off and the milky juice collected and poured into a 
trough formed by the hollow stem of the plantain leaf ; it quickly coagulates on ex- 
posure to the air ; but firom one tree I am told not more than SOlbs. or SOlbs. are 
procured." 

The mode in which the natives obtain the gutta ia by cutting down the trees of 
full growth, and ringing the bark at distances of about 12 to 18 inches apart, and 
placing a cocoa-nut shell, spathe of a palm, or such like receptacle, under the fhllen 
trunk, to receive the milky snp that immediately exudes upon every fresh incision. 
Tins sap is collected in bamboos, taken to their houses, and lioiled, in order to drive off 
the watery particles and inspissate it to the consistence it finally assumes. Although 
the process of boiling appears necessary when the gutta is collected in large quantities, 
if a tree ho freshly wounded, a small quantity allowed to exude, and it be collected and 
moulded in the hand, it will coniblidate perfectly in a few ttinuteB, and have all the 
apiHMt ranee of the prepared article. 

When it is quite pure the colour is of a greyish white ; hut, as brought to market, it 
is more ordinarily found of a reddish hue, arising from chips of bark that fhll into the 
sap iu the act of iiiuking the iucis'ons, and which ^ield their colour to it Besides 
thene aceideutal chips iherc is a great deal of intentional adulteration by sawdust and 
other materials. Home specimens brought to market do not contain much less than 
j ib. of impurities : and even in the purest specimens, one pound of the substance 
yielded, on lieing cleansed, one ounce of impurities. Fortunately, it is not difilcuit 
to detect or clean tlic gutta of foreign matter, it being only necessary to boil it in 
water until well softened, roll out the substance into thin sheets, and then pick out all 
impurities, which is cosily done, as the gutta does not adhere to anything, and all 
foreign matter is merely entangled in its fibres, not incorporated in its substance, 
'i'he quantity of gutta percha obtained from each tree varies from 5 to 20 catties, so 
that, tuking the average at 10 catties, which is a tolerably liberal one, it will require 
the destruction of ten trees to produce one picul. How much better would it, there- 
fore, be to adopt the im'tbod of tupping the tree, practised by the Burmese in obtaining 
tlic caoutchouc from the Ficua clMtiva (viz. to make oblique ineisioDS in the bark, 
jilacing bamboos to receive the sap which runs out freely). True, they would not at 
first get so much from a single tree, but the ultimate gain would be incalculable, 
particularly us the tree seems to be one of slow growth; by no means so rapid as the 
J'irus elastica. 

l^opertits of the Gutta percha, — This substance when fresh and pure, is of a dirty 
white colour,' and of a greasy feel, with a peculiar leathery smell. It is not affected 
by boiling alcohol, but dissolves readily in boiling spirits of turpentine, also in naphtha 
and coul-tar. A good cement for luting bottles and other purposes is formed by 
boiling together equal parts of gutta and coal-tar and resin. When required for nse, 
it cuu always be made plastic by putting the pot containing it over the fire for a few 
minutes. The gutta percha itself is highly inflammablsi a strip cut off takes light, 
niid burns with a^^lit flame, emitting sparks, and dropping a black residunm in fhe 
manner of sealiiHKix, which in its combustion it very much resembles. But the 
gieat peculiarity^ this substance, and that which makes it so eminently useful for 
many purposes, is the efiect of boiling water upon it. When immersed for a few 
minutes iu water above 150^ Fahr. it becomes soft and plastic? so as to be capable of 
being moulded to any required shape or form, which it retains upon cooling, lx a strip 
of it be cut off and pluo^d into boiling water, it contracts in sise both in length and 
breadth. 

It is tills plasticity when plunged into boiling water that has allowed of its being 
applied to so many useful purposes, and which first induced some BfalaSfS^ fii)>ricate 
it into whips, which were brought into Singapore, and led to its flirtber notice; Tke 
natives subsequently extended their manufactures to buckets, basins, and jogs* shoes, 
traces, vessels for cooling wines, and several other domestic nses. Its easf plsstieity 
and power of retainiun any shape given to it when cool, at once pointed it out ei 
suitable for the manufacture of bougies | and aecofdingly Dr. w. Montgomefiv, 
availed himself of this, made several of the abov« instruments, and recommended ihe 
ww of it to the Bengal Medical Board. It also answers very well for tlkC tubeg'of 
wo'tch** always getting out of order in hot climates, when foed* «* 
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Mr. T. Oxley, surgeon, Prince of Waled Island and Malacca, whose rtniarks are 
of much value h’oiu his iic({uamtance ^nilh the production <»1 which he wiites, S(i)f : — 

** 1 observed in the Meehamrv* Maffttztne for March, 1847, a notice Of aeteral 
patents taken out for the working ot this article by Mr < 'barles HMeOeh, ha which an 
elaborate process is described for cleaning the gutta, as tlso mention uf it<i fia\ iug a 
disagreeable acid smell. 1'he gutUi, when jairc, is certainly elighth' acid, tlmi is, it will 
cause a very slight effervescence wheu put into a solution of sm, bnt it unaffected 
by liquor potassm. The smell, although pt^culiar, is neither Strong mir anpliassiit, so 
that the btIicIc exp<*rinienttid upon must lia^e been exi*c*d nglv impure, and |v4»ssibiy 
derived a large portion of its acidity from Uio admixtuii anti tcrulentaiion oi oiher 
vegetable substances. Again ; it appears to me that, if the f iitia be pttii, the very 
elaborate process described as being necessary for cleaning it, is eUfcifluous. The 
giitta can be obtained here in a perfectly pure itate h\ simply bodii.g it in hot 
wilier until well sotlened, and then rolling it out into ilnn slietts, when all 
foreign inaitcr can be eshily leiiKived. 1 would recomuieiid that the u anufaetiirvrs 
lit honu should oHer a higher price Ibr the article if previounly strained through 
cloth at thu time of being collected, when they \i ill iccetu uio gutta in a state that will 
save (hem a vast deal more in trouble and expense tlian the triditig addition necessary 
to the original prime cost" 

In February, 1847, ^fr. Charles Hancock obtained a patent for improvements 
111 tlic manufketure of gutta pt^rcha. In the first place, for the consinicrion of a 
slicing machine, consisting of a circular iron plate, formed with three rmliui sirtb, in 
-%liich kniv(*s are fixed in a similar manner to the irons of an ordinary plane or spoke 
sliuve, the shaft which ciiTrits the plate it caused to rotate by steam or other ixiwer. 
The lumps of gutta percha drop against the knives, which they are cui into 
Slices, of a degree of thickness eorrcsponiUng to the projection given to the knives. 
These slices are then soaked in a vessel of hot water till they become pliable. Instead 
ot a circular revolving cutter, a vertical cutter or chopjier may be used ; curved knives 
may be had recourse to for refractory lumps. The softened slices are next subjected 
to the action of breakers or rtiUers w ith serrated blades, which are mounted transversely 
over the tank. In front of each breaker there is a pair of fluted fieding nailers ; otid 
the pieces of gutta percha are passed to the rollers of the first breaker. There is an 
inclined endless web mounted upon two rollers, the front one of which is immersed in 
the water, and the other is situated opposite the space between the finding rollers of 
the second breaker. There is a second inclined web placed before the third breaker. 
There is also a mincing cylinder with radial blades working partly in the water. 
The feeding-rollers, and the carrying-rollers of the endless webs, are made to revolve 
in a forward direction, while the breakers, the mincing cylinder, and the agitator, arc 
made to revolve in the opposite direction. The breakers and mincing cylinder should 
revolve at the rate of from 800 to 800 revolutions pgr minate, but the feeding rollers 
and endleu webs need not move faster than about one-sixth of that rate. Thus, the 
substance is reduced to fragments ond washed in the water, the heavy impurities fklling 
to the bottom of the tanks, und the light purer matter floating. Tho water sliould 
be used cold. Wlien the gutta percha has a fetid smell, it is treated with carbonate of 
soda or chloride of lime. The same apparatus may be used for purifying caoutchouc. 

Mr. Hancock combined sulphur with gutta percha in the following manner: —He 
found that if a minute portion of sulphur be used along with a sulphide the best 
result is obtained ; the proper proportions being 6 parts of sulphide of antimony, 
or hydroaulphide of lime, and 1 part of sulphur to 48 parts of gutia peroha. 
When these materials have been mixed, the compound is put into a boiler and heated 
under pressure to a temperature of Aom S60^ to 300^ F. and it is to be left in this 
state for a period varying ftwm half an hour to two hours, aocording to the thickness 
of the materials. He^firofbrs, fbr effecting the union of the sttlphurnoe censtitnent, 
the following method to the masticating machine. 1st He subjects the purified gutta 
percha to the combined action of steam and the fumes of orpimeot and salj^mr mined 
in the prepoitiont stated in a metal chamber, provided with a steam-tight cover 
secured by sctutf-bolts. There is also a steam boiler connected therewith, and when 
the beat b k is liaised to about 280^ Fkhr., a Are is lighted beneath the pet eootain- 
iog the sulpburisteg niateriala Bat the pitta percha, &e„ should be heated wUh the 
steam befinre it is tulphiiriaed. In Aom half an boor to two boon Ble iulphoiiitog it 
finished. Or, the gutta pereha may be rubbed strongly over whh the solphnyona 
mixture and then heated, either dry or with the aid of steam, or it may he Uttttsd in 
the form of a paste. ^ 

Another of Ur. llaneocVs inventiens Is to expose the gotta peiolm M tefijUMikldo 
of asote, or to chloride of sine, concentrated and boiling hot, and thim 
alkaline solution or mere water. Gutta pereba thus treai^ by the oeCimijr 
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gas, afl It 111 evolved fW)in nitiic acid and copper, iron, or zinc, becomes exceedingly 
smooth, und of a lustre approaching to metallic, the same effect » jiruduccd upon 
loinmon unsiilphuiisid caoutchouc Gutta percha » thus also freed from nil stick i- 
ness , and it siilphurisid it ac(|uireB under this treatment the downy softness ot vchtt. 
riilondcof zinc and nitrous gas remove the smell of vulcanised caoutchouc m a great 
iiKjsuie, especially if it be afterwards washed. 

Another iinention is that of masticating gutta percha in the proportion of 6 parts 
with 1 of chloride of zinc, which compound may be afterwards sulphuiised A 
further modifloition consists in producing a spongy gutta percha for stuffing sofas, 
Ac 4S parts of it moistened with oil of turpentine, coal naphtha, hisiilpbidc of car- 
bon, or other proper solvent, 6 parts of hydrosulphide of lime, sulphide of autiinunj, 
oi other analogous sulphide, 10 parts of caibonatc of ammonia, carhoiiate of lime, ut 
othii siihstancu that is either volatile or capable of yielding a volatile prodnet, and 1 
part of sulphur Mr Hancock mixes these materials together in a mastic ator, and 
then subjects them to a high de^ee of heat, observing the same conditions which 
uic stated i» the former description, except onl> that the heat may be pushed with 
advantage several degrees higher, say from 2b0° to 300^ 

Various aiticles are manufactured of ordinary gutta percha, such as single and 
double texture waterproof fabrics, hoots, galoshes, bells, bandages, trowsers and other 
straps, capf H, life-preservers, tubes, knapsacks, caps, cups, and othei vessels of capacity, 
hummer cloths, cotton spinning rollers, backs of cards for caiding wool, pianofoite 
hiuumeiH, piipci holders, springs, trusses, Ac. By taking the gutta percha after it 
has been sulphurised, und brushing it with a solution of resm m milling oil (huseedi*;, 
placing it in a ehauibei heated to from 75^ to 1U0<^ Fahr., and stfterwards polishing 
it by the means usuallj employed by the japonneis, it acquires the lustre of Japanned 

Wiiies 

Mi Hancock has also contrived a machine for cutting gtttta percha into strips or 
I iband, t hi cods, or cold of any requiicd shape. It consuta of two grooved rollers of 
iron or stci 1, mounted in a suitable framework. The grooves of eacn roller are semi- 
iiieiilar, and the pioiecting divisions between the grooves are made with knife edges, 
so as to diMdc readily any sheet or mass of gutta percha presented to them. The 
uii(1(M rolh I IS fliinged at both ends, and the upper roller is made to fit inside of these 
fiaiigest in order to keep the cutting edges from shifting or being damaged. To cut 
thin hhiets ot gutta percha with this machine into strips or ribands, the material is 
pibsed through it m a cold state, and only the cutting edges aie bi ought into opera^ 
turn To make round cord or thiead by means of it, cither a sheet of gutta percha of 
a thickness e(|nii1 to the diameter of the holes formed by the grooves, and at a tem- 
peratuie of 200^ Fahr (produced by supply lug it from a feeding- chamber heated to 
that degree) is passed thiough the machine and the threads or cords aie received in 
a tank of cold w iter, fiom which they an* led away to be wound on leels oi diuiiis , 
oi the gutta percha is employed in a plastic state, and passed under a gauge before it 
cnteis the machine. Jf it bo desired to prodnee a cord of a semicircular form in the 
ti ansi CISC section, a plane roller is substituted for the lower grooved toiler , or should 
cold of a square, triangular, or hexangular, or any other form he required, the two 
1 oilers must he shaped to suit 

Gutia Pneha Tubes — A series of interesting experiments have been mode at the 
Birmingham Waterworks, relative to the strength of Gutta Percha Tubing, with a 
view to its applicability fpr the conveyance of water. The experiments were made 
(under the direction of Henry Rose, Esq., engineer), upon tubes { of an meh diameter, 
and one ctghth||^ gutta percha. These were attaclicd to the iron main, and subjected 
for two monthno a pressore of 200 feet head of water, without being m the slightest 
degiee deteriorated. In order to ascertain if possible the maximum strength of the 
tubes, they were connected witli the Water Company's hydranlio proving pump, the 
regular load of which is 250 1^ on the square inch. At this point the tubes were 
unaffected, and the pump waa worked up to 3d7 lbs , hut to the astonisbmeiit of every 
one the tubes still remained pet feet It was then proposed to work the pump ap to 
500 lbs., hut it was found that the lever of the valve would not hear this weight The 
utmost power of thehydiaulic pump oould not break the tubes. 

The gutta percha being somewhat elastic, allowed the tubes to become fljPghtly ex- 
pmded by the extraordinary pressure which was applied, hut on iu witUrawal they 
resumed their former siae. 

This tubing is such an extraordinary conductor of sound, that its value, not only 
to diaf persons, but to the public generally, has been fully appreciated. It haa been 
fitted up in dwelling houses, in lieu of bella As speakine tubes ftw giving and 
receiving messages in mines, railway stations, piisons, woifchottaaa, hotwaiaiul 
large estahllidimentB, it is invalnahle 

^ n/ rmmon Gvtfa Percha - The gntfa ffTcha pnrifiedformatinfiiotinring 
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purposes, is of a reddish-brown colonr ; it readily becomes electrical hj Mction and 
is a bud conductor of both electricity and beat. At the ordioaiy temperature of our 
cliiiute. say from 32^ to 77^, it posMsses about as much tenaei^ as thick leather, with 
rather IvM flexibility} it softens and bi^oinea sensibly dounby towards 120^, alibou|(h 
still very tough. Its ductility is such, atateroperatuie of mim 1 10^ to 24 thM it is 
readily extended into thin sheets, or drawn into threads or t«tK‘8 i Its flexibUlty and 
ductility diminish as the temperature becomes lower. It does not poasess at any tern- 
]>crature the pecttliar elastic extensibility which eharaderises eaaat ah ouc. Exposed 
for an hour to a femperatore of 14^, its flexibility is s?i|,'htly diminished. 

In Its Tarious forms, giitta percha pomesses a peculiar pimiftuy, as may hr shown 
in the following manner t — A drop of its sdlotion in sulidiuret of carbon is to be 
placed on a glim slip : the spontaneous eraporatlun soon redueea this solution (o a 
whitish plate } if It hi' then examined with the microscopic the numerous oavities with 
which it is pierced may be distinctly perceired Thesi ('arities may be rendered 
still more Tisible by means of a drop of water; the rupnd gradually insinuates itself, 
th( mass a« more opaque, and by means of the iiiicrusoope the cavities are seen 
to W enlarged. 

Similar results ate obtained by keeping thin transparent laminin, obtained by the 
e\ aporatiou, by beat, of a solution of gutta percha immersed in water for a considerable 
time. 

The preceding observations lead us to think, that this substance retaining, in con- 
sequence of its porosity, a great many minute particles of air, owes to this circum- 
stance its appearance of (losscssing a less density than that of water, namely 0 979. 
In fact, on stretching gutta percha under strong pressure, and immediately cutting 
the Strips thus produced into very small pieces under water, the greater part of the 
fnigmeiits fall to the bottom of the vesKd — some immediately, otliers afitcr absorbing 
a certain quantity of water. 'J’he some result is also obtained by keeping very thin 
leaves of gutta percha, prepared by different methods, immersed for a month in water 
deprived of air i their pores becoming gradually filled with the liquid, they became 
heavier than the water, aud then ceased to float Gutta percha is also heavier in 
liroportion to the length ot time it has been exposed to the air, particularly in thin 
leaves. 

The porous structure of gutta percha becomes changed into a fibrous texture when 
it IS drawn out so as to double its length *. theu retaiuing but little extensibility, it 
supports, without breaking, the action of a force equal to double that required for its 
elongation in the first instance. 

(’onimon gutta percha rehists cold water, damp, and also the various influences 
which excite fermentation ; but it can be softened, and experience a sort of superficial 
doughy fusiou by the action of the solar mys in summer. 

It is not attacked by alkaline solutions, even when oanstio and concentrated ; am- 
monia, saline solutions, water containing carbonic acid, the various vegetable and 
mineral acids, do not act upon it $ the weaker alcoliolio liqnora (wines, beer, &c. ) do 
not touch it t and even br4iidy scaiccly dissolves a trace of it Olive^oil does not ap- 
pi'ar to attack gutta percha when cold ; when hot, it dissolves a small portion of It, 
which is again precipitated on cooliug. 

Sulphuric acid with one equiv. of water colonrs It brown, and disintegrates it with a 
sensible evolution of snlphurous acid. 

Muriatic acid, in its saturated solution in water at a temperature of 68^ F., attacka 
gntta percha slowly, and gives it a more or lest deep brown colour, at length rendering 

Monohydrated nitric acid attacks it rajndly, with effeiresoeoee and an abnndant evo- 
luiion of flunes of hyponitrous acid ; the substaxioe is decosnpoeed, and eoloored of a 
brfiwntsh-orange red i it becomes donghy, and afterwards soUdffies by degrees and re- 
mains friable. 

In the eold, and even by heat, only a part of the gutta perctia (0T5 to 0*22) ia dia- 
solved by anhydrona alcohol or ether. Benaine a^ spirits of turpentine dissolve it 
psrtially when cold, but nearly completely if aided by heat Sulphide of carbon and 
chloroform dissolTe gntta percha when cold i the soludous may be filtered beneath a 
bell-glass to prevent evape^ion \ Ihs filter rstabs the foreiga matters of a mddikh- 
brown colonr, whilst the eolation passes perfStotly clear, and almost colonrlsss. The 
filtered liquid, exposed to the air in a aaneer, allows the Mdvent toese^aad deposite 
the white gntta percha in a plate of greater or leas thickness, which shrinha gnttvally 
in proportion to the evaporation of the liquid. 

Except the edour, which has diaappsared, the gotta percha then oArstheOhnnetera 
and pTopertiea mentioned aboveas beiongtagto the eonunerciai snhitance, fiolgnjhted 
to a gradaaUy faised temperatnre, it softena and melts, and may be made to Ml with- 
oot aeqniring a sensible colour ; the transparent flold gives abundant vapoatfl, which are 
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condensible into a ncaily colourless oily liquid The portions last distilled have a 
hrovinish orange colour, and a thin layer of carbonaceous deposit remains adherent to 
tiu sides of the vessel 

AnaftfsiH — Wt have said abo\c that alcohol and ether can dissolve only a poi lion of 
f iittu percha, this is bi cause that substance consists, in fhet of three proximate prin- 
< ipUs, the Riparation of whieh has required very delicate observation, although they 
aii very ch arly distinguished by several of their properties 

Whin gutta percha in thm leaves is brought into contact, in a close vessel, with 15 
to 20 vole, of cold anhydrous alcohol, and the temperature raised slowly by m nos of 
the water-bath to the point of ebullition (172<* F ), and kept at this point during se- 
veral hours, the liquid if filtered whilst boiling and left in a closed fljsk will, at the 
end of A*om 12 to 36 hours, begin to deposit on the sides of the vessel and on the sur- 
fkce of the solution white opaline granules, distant from one another, but some of the m 
in groups , their size will gradually increase for some da>B 1 hese granules, carefully 
exainiiicd under the mieroseopc, will be fonnd to have the form of spherules truncated 
by the sides of the vessi 1 1 heir surface is either smooth, or bristling with very small 

ti insparent, elongated lamellar crystals Some superficial fissures appear to indicate 
that these spherules are formed of a sort of transparent yellow kernel covered with a 
white prllicle 

Pci haps no other example is known of this singular crystalline structure In fact, 
cold anh)drQU8 alcohol dissolves the whole of the yellow spheroidal substance, whilst 
the suptihcml p\.llicle, in the interior of which the alcohol has substituted itself for 
the solid globule, appears whitir and less trinsparent 

1 he alcoholic soliiti m, which has been for some days depositing this complex sphe- 
roidal ciystallisation can again take up by heat a portion of the two proximate prin- 
ciples remaining in tlu substance, allowing a fresh quantity to crystalliBe on cooling 
The extraction is completed by returning the boiling alcohol leve^ tunei upon the 
gutta percha until it no longer dissolves anything 

Ihe solid substance which has resisted the action of tblP solvent, possesses, with 
some modifications, the principal properties of ornde gutta percha , we shall here 
t dl It pure quita As to the two other organic principles, One resoi, which 

IS much more soluble in cold alcohol than the other, the white cryhtalline rmn 
]ly taking advantage of these different degrees of solubility, we are enabled with 
time and patience to cflect the complete purification of these thiee principles The 
b« paration may also be effected by treating finely-divided gutta percha with cold ether, 
which dissolves the mixture of the two lesins more abundantly than alcohol , they are 
nf tei wards separated from one another by the some treatment already described for 
aUohol 

i he tendency of the white resin to form itself into radiated groups is mani- 
fested in a rather remarkable circumstance, which it is easy to reproduce Narrow 
ribbons cut from a thin leaf of oidinary gutta percha are to be placed m a tube and 
immersed in anhydrous alcohol The tube is then closed, and left for twenty or thirty 
da> s M hen a few whitish Mints appear here and there on the ribbons, and afterwards 
on the sides of the tube These points, which become gradually larger are formed of 
cr> st illine tufts of the white resin Thus this pi oximate principle is separated directly, 
ind in the cold, even when the atmospheric temperature is ^dually rising, for in- 
stance during the spring or early summer 
The crystalline white resin, when completely purified by washings with alcohol, and 
then redissolved m^ihjdrous alcohol, is deposited by slow spontaneous evaporation m 
the air, in radia4Pr>stal6, forming sometimes symmetrical tufts arranged in stars, 
and then presenting the appearance of a sort of efflorescence 

DistincUve characters and prmerttes of the three proximate pnnctplee which cca- 
sMute common Gutta Pettha — Ihe most abundant of these three pnnciples, forming 
at least from 75 to 82 per cent of tb( whole mass, is the pure gutta percha, which 
pTi scuts the principal properties of the commercial substance , it » white, transparent 
It a temperature ot 212° T , when all its parts are mdted together | opaque or semi- 
transparent irheu cold, from its then acquiring a structure which cansci the inter* 
I sition of air, or of a liquid possessing a different refraction from its own. This 
structure appears still more distinct than in the natural substance oontainUif all three 
principles 

In thin sheets, and at a temperature of 50° to 68° F , it is supple, tough, exteniihlai 
bill not very elastic At 1 12° F , it sQfrens and turns back upon Itoelf, aAd heeofnaa 
more and more adhesive and translucent in proportion to the elevation of timpmfoltr 
T a B >rt of dongby fusion, which becomes more distinct towarda 212° to 

^ Heated beyond this point, it melts, boils, and distils, ftimisbing a pyfOgiiMixd 
ml and carburetted gases r/ 

noubeiran believes the composition of perfoetly pure gotta percha to be 0**E**f 2^ 
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rfflponding to 67 8 carbon and 12 2 hydrogen. Faraday found camtehoue to be 
87*2 carbon, 12 8 hydrogen ; henev their chemiea} compoefiion la IdeotloaL 

Pure gutta pcrchi, like the other two proximate principles, is qoiekly rendered etec- 
tncal by fnetion, and is a bad conductor of heat , it tti>neraUy floats on water, but 
sinks to the bottom as soon as its pores are filled with this liquid. It is insole^ in 
alcohol and ether, almost completely insoluble in benzlui at 82^ F. , it ih solnlde at 
77^ and becomes more and more so in proportion as the tempiMmtuie is railed. 
The saturated soluiiou at 86^ forms itself into a semi-uuaspnrent msM when cooled 
below 32^ , alcohol precipitates the pure gutta peroba fr »n iis sotation in bensine. 

At 32^, spirits of tnrj^ntioe dissolTcs viry little gutta pi reha, whilst it disinte- 
grates and dissoWes it readily when hoi 

( hloroform and sulphide of carbon dtssolTe ntta percha in the cold 

After tbe extraction by means of ether of me two lesins interposed in the thin 
loaves of white gutta {lercha, leaving the last portion ot elhir with which they were 
iiiipreannted to evapfirate in thi open atr, these leaves, enclosed in a flask, expe- 
riin« id, uftt'r n rr. ining there tor two months at a temp* riture of from 68*^ to 82® P., 
nil aitvrsium which appealed to depend on tlicir poiosit}, the actum of the air, and 
pirhsps tho ether retained m their mies However it be, these leaves bad then 
acquired new properties they were orittlei exhaled a very distinct sharp odour; 
brought into contact with an excess of aohydrons ether, they were partially dissolved i 
the soluble portion, ubtaincd by the evaporation of the ether and desiccation at 194® K , 
was glutinous and tranhliu i iit . it became o}iaque and hard by cooling down to 14® F. 

Sulphide of caibon, renew id three timtsmsix days, and evaporated each tunc after 
two dtiys* contact, kfl as n siduc a white flexible leaf The portion not dissolved, 
swelled and transparent, did not appear to undergo any change^ when left in sulphide 
ot carbon for ten daj s 

This kind of spontaneous transformation would perhaps become complete if more 
] rolon^'d i its study will require much time , it will perhaps put ns m the way of as- 
certaining the caoses of certain changes observed in some* small obiects formed of gutta 
percha. It has already be in ascertained, that thin leaves, expose d for eight con- 
secutive days to the action of the sun in mout air, were discoloured, and that their sub- 
stance had become in great part solnble in ether. 

Monobydrated sulphuric acid disintegrates, and communicates a brown colour to the 
pure gutta, with evolution of sulphurous acid; after eight days' contact, the deep brown 
liquid, on dilution with water, becomes tuibid, and furnishes a brown flocculent preci- 
pitate Nitric acid, with a single equivalent of water, attacks the pure gutta with a 
lively effervescence, and the evolution of orange vapours of hyponitrons acid. Muriatic 
acid, in Its saturated solution, slowly attacks the thin leaves ot gutta, giving them a deep 
brown colour , at the end of eight days it becomes friable. The reaction of muriatic 
acid establishes an additional distinctive character between this proximate prmCiple and 
the two others. 

M Payen has carefully cxair med the chemical and physical peculiarities of the 
three principles which he has discovered in gutta percha. These have, however, no 
interest for the maniifhctnrer, and wt i efer tbe chemical student to M. Payen's Memoir. 

llic juice of Muddar has been proposed as a substitute for gutia percha, but we 
are not aware that it has in any manufacture taken its place. Dr. Falconer describes 
a new kiud of gutta percha, which grows m the most southern British possession of 
tbe Mcrguin Islands, Indian Ocean. 

If a solution of gotta pereba lo chloroform be mixed with 3 parts of ether, and ex- 
posed fur some time to a temperature below 15^, tbe gotta percha is precipitated as a 
white powder, forming when washed and dried a soft white moss. On spicsding this 
solution on a plate of glass, a skin is formed, resembling kid-glove leather, whi^ be- 
comes traosparem on the application of heat. These films are beautifully white, if 
csreftiUy prepared* and they have been employed in tbe maanfkctnrc of tlm 
kinds of artificial flowers. 

In 1848, Dr. Faraday drew tbe attention of experimentalists to the highly insnlstbg 
power of gotta perchs, which not only possesses this property under ordinary dr* 
eomstances, bnt likewise retains it under atmoepherio eooditions which would make 
the surface of glass a good conductor. This has led to its almost universal udoptkm 
as the insulator for the wires of the electrical telegraph. W hen horied in tbe eariih, 
unless tc is attacked hy insects, or by a fongus, It letaini its high insolatoiy power, 
and we have every reason for behenng that gutta percha does not undergo a Atom 
when immersed m sea water. It has, however, been found, that when it hasheen 
exposed to the intense sunshine of India, it undergoes a rsmarkabls change ; oxygen 
is absorbed, tbe gutta percha loses its oohereooe, and at the fame time its powers i 
insulation. 

8^ite<rftb«ppMras made in Hm ap^ictlaM of KOttaMialiawin 1 m 1^4 
by tbe Mlowing table of imporu alaee 185a The 8«ni.iid Ite tbia aobflMM 18 



572 


GYPSUM. 


Mtill iDcreaiing, and it la to bo feared that a deatructire proceas la adopted in colUct- 
iiig the juice from the treea to meet the demand 


CWtl 


1850 - 



- 11,130 

1851 • 



- 10,778 

1852 - 
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1853 - 



- 21,792 

1854 - 



- 24,696 

1855 



- 23,535 

1856 - 



- 15,557 

1857 - 



- 17,420 


1856 - 



- 19,641 

1859 - 



- 18,593 

1860 - 



• 21,321 

1861 - 



- 10,749 

1862 . 



- 18,284 

1863 - 



- 21,655 

1664 - 



- 35,630 

1665 - 



- 36,750 


The gutta percha imported in 1863 and 18C4 waa fiom 


he followi 
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1 
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rral value 
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Trom Holland .... 

875 

£8,763 
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£13,737 
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1.854 

20,765 

4 H8 

30 00 1 

Singapore Ac ... 

18,507 

101,074 

29,151 

228,1 il 

Gtlicr parts - 

320 

3,450 

388 

3,120 

Total - - - - ' 

21,655 

1 224,961 

35,636 

275,000 


Suhstftutis for Gutta Perrha — Sir William Ilolmca forwarded to the Council of 
till Society of Arta from Demerara, aome other bpeoimena of a gum termed ‘Balata/ 
the produce of the bullet tree {Sapota MuUeri) which grows in that colony, and 
which, he states, posseasca the piopertiea cf gutta percha, and may be used as a sub- 
btitiitt foi It Sir William Hohnea bays in his communication, I was ('omniismoner, 
11 presenting the colony of British Guiana, at the International Exhibition of 1862. 
Among the varied contributions from the colony was a 6]iecimen of the dried milk 
of the hulkt tree, it weighed perhaps half a pound Amongst the numerous indi- 
viduals who Msibd the Guiana deptftment was Mr Charles Hancock, who is will 
known 111 the gutta peicha trade This gentleman was struifc with the appearance 
of the s{)ic imin, and obtained a portion foi experiment He reported most favourably 
IS to itb utilitv and value, a result most gratifying to me, as I had received adverse 
opinioiib from less exptnencid pirsons This happened I think, in July 1862 from 
that time to the present, 1 have been engaged in inveatigationa how to produce the 
material cheaply, and how to dry or coagulate it rapidly. In both particulars I believe 
I have succeeded so far as to warrant the importation of steam mac hinery to be applied 
to itb extraction ; and by a fortunate accident I have discovered how to dr\ orcoa^- 
late It, preserving the charactenstic of elasticity, at a single operation, by the addition 
of a simple ingredient not very costly . . 

** Amongst the useftil properties of the Balata^ I believe the fresh milk of the hulkt 
t/(e to be the best waterproofing material yet discovered. The bullet tree is a magni- 
ficent timber tree, often squaring 30 to 40 inches, and is much used, especially in 
Berbicc, for bui^ng porposei. The milk, when quite fresh, is so bland that it is 
sometimes used substitute for cow’s milk, and the fmit is delicious ’* 

Mr Ondaatjie, surgeon, forwarded to tfao same Society, from Ceylon, aqieoimen of 
the Aktonia Sch^nfi, which ho supposes may be nsed aa a subatitnte for gutta percha. 
The tree abounds with miUcv juice like the gutta percha, has a flediv bark and 
porous wood, and belongs to the natural order Apoepnea llie natives believe that 
the tree is poisonous, but Mr Ondaatjie has proved it not to be so. 

GYLE. A brewer's vat or utensil. The vinegar maker's fermented wort 
GYPSUM. This natural production, which in its varieties is known ai 
of luue alaheutert ee/eHite, eaUn spar^ gppe, and plkater of PanM, has a eompoiitijtm of 
sulphuric acid, 46*51 ; lime, 32*66 ; water, 20 93. 

'llie anhydrite from Derby is a mineral like gypsum, bat, as its name indicates^ 
taming no water; its composition being, lime, 41*2 ; enlphurio add, 68*8; this is 
also called mHriacifs and frtpe-sftme. It absorbs moistnre and changM to 
When gypsum is carefully burnt, it loses its water of composition, andfbrms m ww* 
known j^aeter of Pant. 

The transparent varieties of gypsum are called spbiuls, its fine mosiite varlsw 
arc ttfoOacter, and its fibrous kinds aattn tpar. There is another variety hi HWl* 
acdics of I pcdil) lustre, known as Mhmtmkulk Sec AlabavTbr. 




HAIR, 


573 


II. 


IIArKLE. A flax comb See Flax. 

HADE A mtners tirm, umhI hi Derbyshire and R»ino of the northern eoantice, 
fti;i:nifyingthe inrlinatiun or deviation fiom the vertiesi of any luinml yin or lode. 
Hntltnif\ signify that soine paiU of the Viui incline, whilt oihmare vertical. 

ATINONK A kind of glass used by the aucieoti for niAking oinaniental 
TesfiiU, m«MtaicR, &c It is descrihtd by Fliny. and has b<en found pretty abundantly 
lu the ( Acavationa of Pompeii Tliis glaas is of a beautifbl red oOloor. It oontaiiis 
no other colouring matter except i opp« i 

HIM ATITE. Native oxide of iron. It is divided into red and brown bounatile. 
See Ikon 

H.KMATIKK. lliemutoxyline. The eoloaring mutter ot logwood See Hsmatini:, 

Logvwioii • 

nx U VTOSINL (from the Greek algo, hhtwl). The rtd colouring matter if the 
bliMMl 

flAlli (Chti'cu^ CriH^ Fr. ; //udr, Germ) is of all animal products the one least 
liable to spoiu iiu nus change It can bedissolved in water only at a temperature some- 
w Int abovi 2 )u 1 , i'l a Papin's digester, hut it appears to ht partially decomposed hy 
this )i* at, since some siilpliutefti d hydrogen is disengaged. By dry distillation, hair 
giv(s o'll Bulphuu ued gases, -while the residuum contains sulphate ot lime, coTiimon 
silt iiiii(.li bilua. with some oxide of non and manganese It is a remorkahh* 

I lit til ir fair hail atloicK u agmsia, instead of thtse latter two oxides. Uorse-hair 
y «i Ils ili( lit 1 2 per cent ot pliosphati of lime. 

W( li i\e no neent anolysis of hair. Vauquelin found nine different substances in 
hi uk }i 111 , in ted hiir, ti led nil instiadof a greenish-black one 

I Ians are tuhulai. then cavitu's being filled with a fat oil. having the same colour 
w ith till mselves. Hair plunged m chlorine gas. is immediately decomposed and con- 
V 1 rted into a v]«cid mass , hut w hen immersed m weak aqueous chloriue. it undergoes 
no change, except a little bleaching. 

liiMfig hairs arc rendeied black by applying to them for a short time a paste made 
1)} mixing litharge, slaked Inne, and bicarbonate of potash, in various proportions, 
nci ordtng to the shade of colour desircsl The ordinary inode of dyeing human hair. 
IS fiist to saturate the hair with the sulphide of potassium in solution ; then, when this 
has been well absorbed and is partially dry. a solution of nitrate of silver is to be ap- 
plied liv varying the propui turns of the sulphide, and the strength of the silver 
s< lit inn, almost any tone of colour, from a brown to a black, can he produced. 

The salts of silver, meicury. lead, bismuth, os well as their oxides, blacken hair, 
or make it of a dark violet, by the furmatioa. most probably, of metsdlio sulpburcts 
(stt/yi/iK/es). 

Hair as an object of maniifactur«*s is of two kinds, the eer/y and the utraight. The 
former, which is short, is spun into a cord, and boiled in this state, to give it the 
tortuous springy form. The hairi of rabbits and harea are prepared for the hat- 
niuker by a process called sAretopc. so as to render them fit for felting. The dtins 
w itb the hair still upon them arc laid upon a table, and with a brush, made from the 
bristle of the wild boar* a solution of nitrate of mercury is applied many times in 
succession, till every; part of the fur be et|uallv touched* and till about two-thirds of 
the length of the hairs be moistened. The skins are then placed ^ether to com- 
plete impremiation, and put into a store-room. In drying there is a retraction of 
the hairs, and the required curling is produced. The long straight hair ii woven into 
cloth for sieves, and also for ornamental purposes, as in the damask-hair cloth of chair 
hotioma. Foe this purpow the hair may be dyed in the following way:— 

Forty pounds of tail hair, about 26 inches long, are steeped in lime water during 
twelve hours. Then a bath is made with a decoction of 20 pounds of logwood* kept 
boiling for three honra, after which time the fire is withdrawn firom tiie boil^* and 
Um oonees of oopperaa aiq introduced, stirred about* and the hair is immened* hav- 
ing been washed from the lime in rirer water. The hair should remain in this cool- 
ing bath for 24 hours, when the opcrstion will be finished. Hair used for weaving 
is obtained prineipsUy from South America and from Russia. All the black and 
grey hair ia dyed for the manufretnre of black hair-cloth fiir covering fbroitare, 
whue only can he dyed so if to prodime what are eaUedfiliiqyooilotin* and great earn 
is required in the mocess. 

The qaality of mdr-eloth* as well es the briUianey and psrmaneney of the ebtere* 
depend m a great dMM on the kktere of the warp, which may be either of eblten^ 
Hnco* or worsted, Colonied hai^^eloth is made at Woiecster* Shefileld, aoA 
aud used for covering sofrs and ebain^ and for railway carriages. 
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The looms for weaving hair differ ft-om the rommon ones, only in the templet and 
the slinttlc. Two templets of iron must be used to keep the stuff eqiial»I> but liphtly 
Mtn‘tolied. These templets, of whieh one is represented in ^g. d.'lG, ure constructed in 


rill* shape of flat pincers ; the Jaws, c c, 
Iteiiig furnished with teeth inside.^ A screw, 
j>, binds the jaws together, and hinders the 
selvage from going inwards Upon the side 
cross-beam of the loom, been in section at i, 
a bolt IS fixed which canies a nut r at its 


crA: 


end, into which a screwed iron rod i: enters, 
on one of whose ends is the handle n. The 


other extremity of the screw i: is adapted 
by a washer and pin to the back of the 



H 


pincers at the point ii, so tliat by turning the handle to the right or the left, we draw 
onwards or push backwards the pincers and the stuff pt pleasure. 'J'he warp of the 
web 18 made of black linen >arn. The weft is of hair, and it is thrown with a long 
hooked shuttle, or a long rod, having a catch hook at its end. The length of this 
bhuitle iM about 3 feet ; its breadth half an inch, iiiid its thickness one sixth. It is 


iiiiidi* of box-wood. The reed is of polished steel ; the thread warps are conducted 
through It m the usual way. The workman passeb this shuttle between the hairs of 
the warp with one hand, when the shed or shuttle way is opened by the treddles ; a 
child placed on one side of the loom pn^sents a hair to the weaver near the selvage, 
who catches it with the hook of his shuttle, and by drawing it out passi's it through 
the warp. The hairs are placed in a bundle on the side where the child stands, in a 


chest filled with water to keep them moist, for otherwise they would not have the 
biipplcness requisite to form a web. Each time that a hair is thrown across, the 
batten is driven home twice. 'J'ho warp is dressed with paste in the usual way. The 
liuir-eloth, after it is woven, is hot calendered to give it lustre. Iii the Great Exhi- 
bition of 185t, J. Bardoffsky (Uusbia) exhibited a collection of bowls, dishes, plates. 
\c., formed of the hair of the rabbit, hare, and otiier anhnlils, which were felted and 
afterwards varnished. They had the appearance of papicnnach^, and were very light 
Hair impoittd in the years 1863 and 1864 — 


Cow, ox, bull, or elk 
Horse - - - 

Goat - - - 


1868 . 

ewti. Tsliio. 

43.281 £205,218 

15,854 78,813 

3,434,705 502,728 


1864. 

ewti. vsluA. 

63,771 £311,109 

17,743 90,511 

4,737,330 650,191 


and of manufactures of hair or goat's wool, not made up, and wholly or in part made 
up, 233,200/., as entered at computed real value. 

' HAIU URUSHB&— PENCILS, for artists. 

I'lie hair are manufactured with coarse hair, as that of the swine, the wild 

boar, the dog, &c. and those are usually attached, by binding with cord or by aecuring 
them with a piece of tin plate, to a wo^en handle. 

The hair j^nciU are composed of very floe hairs, as those of the sable, the miniver, 
the marten, the badger, and the polecat. These are usually mounted in a quill, bat 
sometimes they are secured as in the former case with tinned iron. 

The most essential quality of a good pencil is to form a fine point, so that all the 
hairs without exception may bo united when they are mpistened by laying them upon 
the tongue, or dewing them through the lips. Wh^ hairs present the form of an 
elongated cone 4ll>cneil, their point ouly can be used. The whole difficulty consist, 
after the hairs are cleansed, in arranging them together so that all their points may lie in 
tlic same horiaontal plane. We must wash the tmls of the animals whose hairs are to , be 
used, by scouring them in a solution of alum till they be quite free fh>m grease, and 
tlicn steeping them for 24 hours in lake- warm water. We next squeese out the water 
by pressing them strongly from the root to the tip, in order to lay the hairs os smooth 
as possible. They are to be combed in the longitudinal direction, with a very flne- 
toollied comb, and finally wrapped up in fine linen, and dried. When perfectly drjt 
the hairs are seised with pincers, cut across close to the skin, and arrange inseperate 
heaps, according to their respective lengths. 

Each of these little heaps is placed separately, one after the other, in small tin pans 
with flat bottoms, with the tips of the hair upwarda. On striking the bottom of thf pen 
slightly upon a table, the hairs get arranged parallel to each other, and Iheir tietote 
lioints rise more or less according to their lengths. Xfi* longer ones are to be piw^ 
out and made into so many separate parcels, whereby each parcel may be eomposed m 
equally long hairs. The perfection of the pencil depends upon this equaluy t 
tapenng p»Tnt being produced simply by the attennotioo of the tipft - 

porcols is then taken, of a thickness eorrespdhding to 
j tended site of the pencil ; it is set in a little tin pen, with its tips nudentWOti 



hardening. 


57o 


is shaken by striking the pan on the table as before. The root end of tho hairs 1)e]ng 
tied by the flbherman's or seaman's knot»willia fine tbreadi it is taken om of the pan, 
und then hooped with stronger thread or twine 4 the knots being fifnwaneiy tight by 
means of two little sticks. Tlie distance fhitn the tips at wbteii these Ugatotos are 
placed, is of course relative to the natare of the hair, and tho desired length of the 
pencil. The base of the pencil mast be trimmed flat w itb a pair of soisaors. 

Nothing now remains to be done but to moont the peuoils infill or tltt*plats tubes, 
as ab<»ve described. The qntlls arc those of swans, geessb dOOas, lapwings, pigeons, 
or lurks acetmling to the sise of the pencil They ure steeped daring d4 hoars in 
water, to swell and soften them, and to prevent the elmnee of thc'c spllftiag whan the 
hair brash is pressed int j them biush of hair is intronliiced by its tips into the 

Ini^'c iiid of the eut iptill, having previously drawn tiirnn to a point wiCh the lips, when 
it lb pushed forward^ with a wire of the same diameter, till it comes out at tlie other 
and narrower end of tlie quill. 

The smaller the pencils, the finer ought the hairs to bo. In this respect the manu* 
fa< line icquires iie!i h delfoncy ot tact and experience. 

I he lujiMitucturc of hail bnislicH, clothes hru^hcs. t(K>lh and nail brushes, is neces- 
sarily vcTy large, and of oousidcrabte importance The technical details of this 
iiiaiiufacture would occupy apace to the exclusion of more important matter. 

HALIOTIS, ihe tat ML A genus of mollascous animals belonging to the 
cKihS Gubteropoda. These bhclis, possessing a fine nacre, are extensively used in the 
oruain^ntatioii of papier maclii' articles, and mother-of-pearl oriiamenta 

It ALOGENE, i 3 a term ouiplnyed by Berzelius to designate those substanoes which ^ 
form compounds of n bulinc nature by their union with metals ; such are chlorine, 
iodine, bromine, fluorine, and c} aiiogen ; the salts thus formed being called hatoul 
so/t«, fVom their resciiibUncc to common salt (NaCI), (fiXt, sea salt, and efBor, form >. 
Since the discovery of the compound halogene. Cyanogen, some chemists have 
bi'eii led to view all salts as under the type of haloid salts ; assuming in the different 
acidb certain compound halogeub, as in sulphuric acid the halogene (SO*)t in nitiiu 
acid the halogene (NG") &c ; which in combination with hydrogen form the acids*, 
the different salts being formed by the displacement of the hydrogen by the metal, 
as follows : sulphuric acid (liSOO, sulphate of potash (K80), nitric acid (HNO), 
nitrate of soda (NaNO*), &c.— H. K. B. 

HANDSPIKE. A strong wooden bar, used as a lever to move the windlass and 
capstan in heaving tho anchor, or raising any heavy weights aboard ship. I'he 
handle is round, smooth, and somewhat taper. The other end is squared to fit the 
holes in the head of the capstan or the barrel of the windlass. 

HARDENING. The processes hy which metals are rendered harder than they 
are when they first leave toe hands of the workman. 

Some metals are hardened by hammering or rolling 1 bat care is leqnired not to 
carry this too far, as brittleness may be induced Sudden cooling is had recourse to 
with some metals. Pure hammered iron appears after annealing to be equally soft, 
whether suddenly or slowly cmihKl , 'onie of the impure kind# of mallealile iron harden 
hy immersion. Steel, however, rectnves by sudden cooling that extreme degree of 
hardness combined with tenacity, which places it so incalonlably beyond every other 
material for the mannfhcture of cutting tools. 

In hardening and tempering steel there are three thlnn to be oonsidered, namely, 
the means of beating fhe objects to redness, the means of cooling the same, and the 
means of applying the heat for fempermy, or ** letting them down.** 

Steel pens are hardened by being heated in large quantities in iron trays within a 
furnace, and then pluof^ in an oily mixture *, generally, they are likewise tempered 
in oil, ora eomposibon, uie boiling point of which is the same as the temperature auited 
to ** letting them down." 

Saws and springs are hardened in various eompoaitiont of oil, snet, wax, and other 
ingredients, which however lose their hardening property after a few weelu* oonstant 
use." Steel plates are hardened occasionally by allowing water to fidl on th em when 
hot 

Case baldening is the process by which wrought iron is first converted extsrioriT 
into steel, and ia snbseqnently hardened to that partumlar depth, leaving the eentvnl 

g irts in their original condition of aoft and fibrous iron. The principar agents n^ 
r case bfurdentng are animal matters, na the hooft, horna, bones, and skint of 
The prustiale of potash, which is a oompound of carbon and nitrogen, is olseennkiyed 
for case hardening. In principlo it is the same as the animal suhstancea. The iron 
is heated in the open fire to a dull red, and the pmisiate is either sprinkled ma it or 
rubbed on in the lamp ; it is retaroed to the fire for a few minnteo, and immoratd in 
water. In the volnmc of Lardnei'a Cycdopmdia," on fron and edited bf Bobert 
Hnnt, the eubjeeu of hardening and tentpering are treated in a praetieal mnnaar. 
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JIAnONESR. {Vwetf, Fr. { //rfrte, Fatiakeit, Germ.) A hard body will cr/rA 
on* that is softi*r Uun itself. This method of determining the hardness of minerals 
is employed by mineralogists. A good steel file is commonly used for trying the 
respi^ctive hardness of minerals. 

Mohs introduced a scale of hardness which shows the gradaal increase in hardness 
through 10 minerals. 


1. Talc I common laminated light green 
vai iety. 

2. (wjf/taumi crystallisid variety. 

3. Catriici transparent variety. 

4. Fluor epar ; crystalline variety. 

5. ApaUie \ transparent variety. 


6. Feldrpar (orthoclase) ; white clcav- 
ahle variety. 

7. Quartz \ transparent. 

8 . Topaz \ ditto. 

9. Sapphire ; cleavahlc varieties. 

10. Diamond, 


Thd following table, compiled by Dr. Ure for the early editions of his dictionary, 
will still bo found very useful as representing, relatively, the hardness of the mineral 
named, although the numbers which express the degree of hardness do not agree with 
the scale of Mohs. 


bubitonccft. 

Hardiicfi 

Sp. Orii\ 

Siiiiti.in(<‘i 

lUidiUis 

sp, (ii i\ 

Diiiinond fVom Orinus 

20 

3*7 

1 Sardonj x • 

. 


12 

2f, 

Pink diamond - 

19 

3*4 

Occidental amethyst 


11 


lUuish diamond 

19 

3 3 

<'i\6tal • 

. 


11 


Yellowish diumoiid • 

19 

3 3 

C'ornolinn 

. 


11 

2*7 

Cubic diamond - 


3 2 

Green jasper 

- 


11 

27 

Ruby - - - 

17 

4*2 

Reddish yellow do 


9 

2*0 

Pale ruhy from Rrazil 

Ifi 

35 

Schorl 



10 

36 

Deop blue sapphire - 

If, 

3 8 

Tourmaline 



10 

30 

Ditto, paler 

17 

3*8 

Quartz - 



10 

2*7 

'Popaz - . - 

1.1 


Opal 



10 

26 

Whitish topaz - 

14 


Chrysolite 



10 

8-7 

Ruby spinel 

1?1 


Zeolite - 



8 

2 1 

Rohcinian topaz 

1 11 


Fluor 



7 

Km 

r.iucrttid - - - 

mSm 


; Calcareous spar 


6 

mm 

Garnet - - - 



Gypsum - 

• 


5 


Agate - - - 

■9 


Chalk - 

• 


8 


Onyx . - - 

12 

2*6 





mm 


HARDWARE. Under this term is comprehended the articles manufactured of 
any of the liaser metals. See these respectively. 

HARE WOOD. See Stgamork. , , * « 

11 ARM A LA RED. A red colouring matter* obtained fh>m the seeds of Peganum 
1 ha mala, n plant found in the Crimea. It is obtained by digesting the seed in 
iileohol for some days. This colouring matter unites with acids, forming red-salts, 
ond dyes wool or silk mordanted with the salts of alumina a light rose red or a -deep 
scarlet The colours are said to be fugitive. 

HARTSHORN, SPIRIT OF, is the old name for the solution of ammonia In 
water, the liquor ammonia of the London Fbarmaoopmie. 

H ASSOCK. term given to a kind of sandstone produced in the onamei of 
Kentish RogstoMi Kent When of good quality, it is e^loyed in building the 
interior walls of churches. The following is an analysis of HassMk, by Dr.^ Piomhy, 
of Maidstone carbonate of lime, 63; alnminB, 4; oxide of iron, 8; silica 38 1 
small quantities of phosphate of lime, aoda, magnesia, chlorine and snlphnrio ncid, 8| 
(* 100 ). ^ . 

HATCHETINE. One of the native hydrocarbons. It occurs in the cwviccs of 
Septaria, and in the ironstones of the coal formations at Ebhw Vale, in maaaei 
resembling >rax or train oil. It is also found in Argylediire. According to 
Johnston its composition is— carbon, OS'® I ; hydrogen, 14*62 (■*100*58). 

HAT MANUFACTURE. {L*art de CAems/w, Fr.j HatomcAer^st, Germ.) 
Hal is the name of a covering for Ae bead worn by both sexes, hut principally by men* 
As the art of making haU does not involve the deaoription of uy curious poachine^t 
or any interesting proeeiiea, we shall not enter into very minute details kpon w 
subject. It wiU he sufficient to convey to the reader a general idea of the methods 
employed in this manufacture. , . ^ . 

The materials used in making stuff hats are the fhrsof bares and rabbits freed AW 
the long hair, together with wool and beaver The hsaver is reserved fer the finsf 
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hate. The far is first laid upon a bardie made of wood or wire, with longitudinal 
openlngt; and Uie operator, by means of an mstrument called the bow, (wmeb it a 
piece of elastic ash, six or seren feet long, with a eatgnt stretched between its two 
extremities, and made to ribrate by a bowadek,) eanees tlie ▼ihrating string to strike 
and play upon the ftir, so as to scatter the fibres in all directions, while the dust and 
filth descend throngh the grids of the hurdle. 

After the fur ie thus diiven by the how from one end of the bnrdle to the other, it 
forms a mass called s baf^ which is only half the quantity snflhrient fhr n hat The 
hat or ca^€ thus (brmed is rendered compact by pressing ii down with the hardtming 
Mhin (a piece of balManned leather), and the union of the fibree is increased by cover- 
ing them with n cloth, while the workman preasee them together repaatediy with hia 
hands. The cloth being taken off, a piece of paper, with its corners doubled in, so as 
to give it a triangular outline, is laid above the bat. The oppoailn edges of the bat 
are then folded over the paper, and being brought together and pressed again with the 
hands, they form a conical cap. This cap is next laid upon another bat, ready har- 
dened, so that the joined edges of the first bat rest upon the new one. This new bat 
is foldetl over the other, and its edges Joined by pressure as before; so that the join- 
ing of the first eoidcal esp is oppomte to that of the secoiul. This compound bat is 
now wrought with the hands for a considerable time upon the hurdle between folds of 
linen cloth, being occasionally sprinkled with clear water, till the bat Is baaomd^ or 
rendered tolerably firm. 

The cap is now taken to a wooden receiver, like a very flat mill-hopper, eonsistiDg 
of eight wooden plaina, sloping gently to the centre, which contains a Kettle filled with 

water suMdiilated with sulfuric acid. The 
technical name of this vessel is the battery. It 
consists of a kettle a, Jig, 982 ; and at the 
planks, B, c, which arc sloplug planes, usually 
eight in number, one being allotted to each 
workman. The half of each plank next the 
kettle is made of lead, the upper half of ma- 
hogany. In this liquor the hat is occasionally 
dipped, and wrought by the hands, or some- 
times with a roller, upon the sloping planks. 
It is thus fulled or thickened during four or 
five hours : the knots or hard substances arc 
picked out by the workman, and fresh felt is 
added by means of a wet brush to those parts 
that require it. The beaver is applied at the 
end of this operation. In the manufketure of 
beaver bats, the grounds of beer are added to 
the liquor hi the kettle. 

Stopping, or thickening the thin spots, seen by looking through the body, is per- 
formed by daubing on additional stuff with successive applications of the hot acidulous 
lic|uor from a brush dipped into the kettle, until the b^y he laflleiently shrank and 
made nnifonii. After drying; it is stiffen^ with varnish eomposhion rubbed in with 
a brush; the inside surface being more copiously imbued with it than the outer; while 
the brim b peculiarly charged with the stiffening. 

When cnee mote dried, the body is ready to be covered, which is done at the battery. 
The first cover of heaver or napping, which has been previously boieed, is strewed 
equably over the body, and patted on with a brush moistened with the hot liquor, 
until it gets incorporated ; the cut ends towards the root, being the points which spon- 
uneously intrude. The body is now put into a coarse hair cloth, then dipped and 
rolled in the hot liquor, until the root ends of the beaver arc thoroughly worked in. 
This is teohoi^ly called rolling off, or roughing. A strip for the brim, round the 
edge of the inside, is treated in the same way; whereby everything is ready for the 
eeoond cover <of beaver), which is incorporated in like manner ; the roilinm me. being 
coDtinoed, till a nmform, close, and well-felted hood is fbnned 
The hat is now ready to receive its proper shape. For this purpose the wexkman 
torus up the edgs or brim to the depth of about 1 J inch, and then retams the point Of 
cone beck agsin throngh the axis of the cap, so as to produce another inner fold 
of the same dep^ A third fold is prodnoed by rstnming the point of the cone, end 
so on till the point lesemblta a fiat circular pie^ having a number of eonoentricfolda. 
lu tbw state It telaid upon the plank,aod wetted with the Ikinor. The workman pulls 
oat the point with hu nngm, and presses it down with ms hand, taming it at the 
sirnc thna rouiid on its centre upon the plan 
of the hat, Is nibbed oat This flat emwn is 
i ug a string called a ewMMadbr^ down the ste 
VoL. II. p 


, bU a flat portioo, equal to the omwn 
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cent to the crown, to assome % c^Iindncal figure The brim now a|ipean like a 
puckered appendage round the ejlindriial ennt , but the prrper fiaure la nest given 
to lit by working aud rubbing it The body la rendered waterproof and stiff by being 
imbued with a varnish composed of sheliao, sandaraeh, mastie, and other resina dia- 
solved in alcohol or naphtha. 

1 hi hat being dried its nap is raised or loosened with a wire brush or card, and 
aomeumts it is previously pounced or rubbed withjnunice, to take off the coarser 
parts and afterwardv rubbed over with stal skin. The hat la now Med with pack* 
thread upon its Moik, and is aAirwarda dyed 

The dyed hats are now removed to the stiffening shop Beer grounds are next 
applied on the inside of the crown, for the purpose of preventing the glue from coming 
through , and when the beer grounds are dried, glue (gum Sinegal is sometimes used), 
a little thinner than that used by carpenters, is laid with a brush on the inside of the 
crown, and the lower surface of the brim 

The hat is thin softened by exposure to steam, on the steaming basin and is 
brushed and ironed till it receives the proper gloss. It is lastly rut round at the bnm 
by a knifu fixed it the end of a gauge which rests against the crown l^e bnm, 
however, is not cut entirely through, but is torn off so as to leave an edging of beaver 
round the extemul rim of the hat The crown being tied up in a gause paper, which 
IS neatlv ironed down, is then ready for the last operatioiis of lining and binding 

The fills and wooU of which huts are manufactured contain in their early stage of 
pre| aration, hemp* and h nra which must be removed in order to produce a material 
for tiu better description of hats 1 his separation is effected by a sort of winnowing 
machine, which wafts away the finer and lighter parts of the furs and wooU from the 
conrs r 

The annexed figures represent Mr Ollerenahaw's machine, generally employed for 
ironing hats Fig 938 is tlic fnme-work or standard upon which three of these 



lathes are nM|^ted, oa x, B, c The lathe A is Intended to be employed when the 
erown of the mR is to be ironed Ihe lathe b, when the itet top» and the upper side 
of the brim is ironed, and lathe c, when its uuder side is ironed | moMon being given to 
the whole by means of a band passing from any first mover (as a steam-engine, water- 
betl, dec ) to the drum on the mam abaft a a From this drum a strap pasM ever 
the 1 iggtr 3, which actuates the axle of the lathe A. On to this lathe a tort ot ebuok 
lb screwed, and to the chuck the block c is made fast by screws, bolts, or pint. Thtf 
block IB repiesented m section, in order to show the manner m which it » made, of 
several pieces held fast by the oentre wedge*pieoe. as seen Ujla 939. 

1 he hat block bem^ made to turn round with the chuck, at the rate of about twenty 
tuins per minute, but in the oppoaite direction to the revolution of an ordinary tumiog 
lathe, the woiknian appliei his hot iron to the surfkce of the hat, and thereby smooths 
It, giving a beauutnl glossy appearance to the beaver, he then applies a plush eusbicii, 
and rubi round the surface St the hat while it is stiil revolving The hat, with iti 
block, IS now removed to the lathe B, where it is plkeed upon the ebuok df and 
turn in a honaontal direction, at the rate of about twenty revolutions per mui utt, iw 
the purpose of ironing the flat-top of the crown This lathe B moves upon an nprifF* 

shaft e, and ii actuated by a twisted hand paeihif from the mam anaft ronadj^ 
ngger/ In order to iron the upper surfaceof the hnai,the blocke is reinevedlW* 
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the lathe, and taken out of the hat, when the hloek fig, 040 » nonatod the ehuok 
and made to turn under the bond of tbc workman, aa befbrt. 

The hat is now to be removed to the lathe c, wh«f«* it is introdaoed in an inverted 
position, between the arms g a supporting the rbn A the top sartooe of which is 
^hown atfiq, 941. 1 ho spindle i of the lathe tuma b} similar means to the last, but 
slower ; ooiv ten torus per minute will he sufficient Tlie woihman now smooths the 
under side of the bnui. by drawinir the iron acroes it, that &e from the centre outwards. 
The hat is then carefblly eaamiaed, and all the bora and ooorae baim piaked out, after 
which the smoothing process is performed as before, and the diessmg of the hat is 
complete lliii deseripiion of the nisnufacture of the beaver hat hai bocu retained, 
thniiflh it ie now but little practised, the silk hat haviog taken its place. 

Silk hstt, for several jears after they were manufactured, were liable to two objec- 
tions ; first, the body or shell over whioh the silk covering is laid, was, from its kard- 
ness, apt to hurt the head ; second, the edge of the crown being inncb exposed to blows, 
the silk nap soon got abrmchd, so as to lay bare the eotton foundation, which is not 
capable of taking so fine a black die as the silk ; whence the hat atsumed a shabby 
appearance. Messrs. Mayhew and White, of London, proposed to remedy these 
defects, hf making the hat Invly of stuff or wool, and relieving tbc stiffness of the 
inner part lound the brim, by attaching a coating of beaver upon the under side of 
the brim, so as to render the hat pliable. Round the edge of the tip or crown, a quan- 
tity of what is called stop wool is to be attached by the ordinary operation of 
bowing, which will render tbe ed^ soft and elastic. The hat is to be afterwards 
rl>ed of a good black colour, both outside and inside; and being then properly 
stiffened and blocked, is ready for the covenng of silk. 

1 he plush employed for covering silk hats, is a raised nap or pile woven nsually upon 
a cotton foundation ; and the eotton, being incapable of receiving tbe same brilliant 
black dye as the silk, renders the hat apt to turn brown whenever the silk nap is 
partially worn off. To counteract this evil, the foundation of the plush is now 
ftequently made entirely of silk To these two improvements, now pretty generally 
introduced, the present excellence of the bilk hats may be ascribed. 

Fig. 943 IS a side view of the carding engine, employed in preparing tbe silk for 
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The pnncipal cylinder of the carding engine, ii made to retolve by a rigger upon 
ite nxle, aetnated by a band from any flrti mover as usoal, and the auboidinate rollers or 
cylinders lielonging to the carding engine, are all turned by pulleys, and bands, and 
giar, as in the ordinary construction 

The woiil or other matt rial is supplied to the feeding cloth, and carried through 
the engine to the doffer cylinder, as in other cardiiw engines , the doffer comb is 
actuated by a revolving crank in the common way, and by means of it the slivers are 
takin from the doffi r cylinder, and thence rteeived on to the surfaces of the blocks e e 
Thtse blocks, of which two only are shown to prevent confusion, are mounted upon 
axles, supporti d by suitable bearings in a camage/y| and are made to revolve by means 
o( a band c 9, leading from a pulle} on the axk of a conical drum beneath The band 
q passes over a pulley A, affixed to the axle of one of the blocks, while another puUey 
I, upon the same axle, gives motion, by means of a band, to as many other blocks as 
are adapted to the machine 

As It IS necessary in winding the slisers on to the blocks, to cross them in different 
diiictions, and also to pass tht sliver over the hemispherical ends of the block>, in 
ord< r that the wool or other material may be uniformly spread over the surface in 
forming the cap or hood for the shell or foundation of the intended hat, the cairiage 
J with the blocks, is made to traverse to and fro in lateral directions upon rollers at 
each end 

1 his alternating motion of the carriage is caused by a horisontal lever / / (been in 
the horisontal 'iiew ftg 942), moving upon a fulcrum pin at la, which lever is attache 1 
to the carnage at one extnm ty a, and at tht other end has a weighted cord which 
draws the sidt of this lever against a cam wheel o Ihis cam is made to revolve b> 
means of a band and pulley, which turns tht shaft and endless screw 9, and this 
eudlebti screw, taking into a toothed wheel r, on the axle of the cam 0 causes the cam 
to revolve, tht periphery of whith cam running against a friction roller on the aide of 
the liver /, causes the lever to vibrate, and the carriage /*/, attached to it to traverse to 
and fio upon tht supporting rollers, as described By these means the shxcrs are 
laid in oblique directions (varying as the carriage traverses) over the surface of the 
blocks 

1 lit blocks iKing conically foimcd or of other irregular figures, it is necessary, in 
order to wind the slivers with uniform tension to vary their speed according to the 
diameter of that part of the block which is receiving the sliver 1 his is effected by 
gu ing different vilocities to the pulley on the axle of the conical drum «, corresponding 
with e lliere is a similar conical drum I, placed in a reverse position m the lower 
part of the frame, w hich is actuated by a band from any convenient part of the machine 
passing oyer a piUii^y u, upon the axle of i From the drum t, to the drum s, there is 
a baud v which is made to shde along the drums by the guidance of two rollers at the 
end of the lever / 

It will now be seen that when the larger diameter of the cam wheel 0 forces the 
level outwaids, the hand v will be guided on to the smaller part of the conical drum f, 
and the larger part of s consequently the drum # will at this time receive its slowest 
motion and the band y will turn the blocks slower also , the reverse end of the lever 4 
ha\ ing by the same movement slidden the carriage into that position which causes the 
bluers to wind upon the larger diameter of the blocks 

Wlun the smaller diameter of the cam is acting against the side of the lever, the 
weighted cot^rawB the end of the lever to the ophite side, and the band v wdl be 
guided on larger part of the cone f, and the smaller part of the cone t; eon- 
sequently, thTquicker movement of the hand g will now canse the blocks e e to revolve 
with a corresfiotiding speed The carnage/ will also be mos ed upon ita rollers to 
the rt verse side, and the sliver of wool or other material be now wound updn the 
smaller parts and ends of the blocks, at which time the quicker rotation of the blocks it 
required It may be here observed, that the cam wheel 0 should be differently formed 
according to the different shaped blocks employed, so as to produce the requisite move- 
ments of the lever and carnage suited thereto. 

It only remains to state that there are two heavv conical rollers w w, beariim upon 
tht p ripheries of the blocks e e, which turn loosely upon their axles by the inction 
of contact, for the purpose of pressing the slivers of wool or other material on tbs 
blocks as it comes from the doffer cylinder of the carding engine, and when the blocks 
have been coated with a aafflcient quantity of ^e ahver, me smaller end of the pressing 
rollers is to be raised, ilRhile 4he cap is withdrawn from the block. The prooess beiag 
continued as before, the formauons of other bodies or caps is eflbeted m the asaBner 
i-bove described 

After the caps or bodies of hats, &o are formed hs the above deaenbed BBaehM 
are tolded in wet cloths, and pla^ npon heated Olates, where they are rsHed^ ijB^ 
pnsiurc, for the purpose of bemg hardened 988 represeois the ftwat ef 
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ftitiiMM a a o, tlMtopt of which tre covered with iroa plAtic 5 6 A, Upoft thece plotea, 
which ire hetted bf the ftiraacc below, or hj itcan, the bodice wnmid la the wet 
clothe c e r, are placed, and preesed apoa by the flape or covert 4di ilkUhir aeon 
guide rode, to which flape a travoreuigmotioe it given, hy meant ef ehaae altadiea to 
an elternaung bar e «. Tbie bar it moved by a rotar> < rankA ^hich hat id motion 
hy pull(74 from any aotuating power. When any one of the flepi it turned up to 
remote the bodice from beneath, the ohaine h^ lootely, Nad the flap renaint 
etationar}. 

The^e cape or hat bodiee, after having been hardened in the manner above deecribed, 
may V telted in the uaual way by hand, or they are U Ited lu a fliUiag mill hy the 
neiial proceee einplo\ vd for milling elotht. except that the hat bodlet ate oocaaionally 
cak( n out of the nilliiig mill, and paiaed between roUeii, for the purpeoe of rendering 
the h)t more jierfect. 

Mr. ('arey, of lUrtord, obtained a patent in October, 1684, foi an invention of certain 
macirincr\ to be employed In the nianufimCare of hata, which ia ingenious and eeema 
to In 1 tii\ r»f n > « t III this place. It eonsiati in the odaplatiou of asjatem of rollen, 
ibniiiiig a iiuu.hiiie, by uicana of which the*operation of roughing or plaiting of hata, 

may ^ performed \ that la, the 
beaver or other fur may be 
made to attach itself, and witrk 
into the felt or hat body, with- 
out the neceuity of the ordi- 
nary mannal operations. 

The accompanying draw- 
ing! represent the machine in 
several views, for the purpose 
of showing the construction of 
all its parts Fta. 944 is a 
front elevation of tne machine $ 
Jig 945 is a side elevation of 
the same ; 946 is a longi- 

tudinal section of the machine ; 
and Jig, 947 is a transverse 
fldfl section t the similar letters in- 




the figures. 

Upon a brick or other suit- 
able base, a furnace or fire- 
place a, is made, having a de- 
scending flue A, for the pur- 
pose of carryiog away the 
smoke. A pan or shallow 
vessel e e, fbrmed of lead, is 
placed over the flirna^ i which 
TCBiel is intended to contain a 
sour liquor, as a solution of 
vitriolic acid and water. On 
the edge of this pan is erected 
a'wooden casing ddd, which 
encloses three sides, leaving 
the fioorth open tor the pur- 
pose of obtaining access to the 
working apparatus within. A 
eeries of what may be termed 
lantern roUers, c eg, is mounted 
on axles turning in the side 
ecsingst and another cerise of 
siaai^ lantern rollers,///, ia 
m hke manner mounted above. 
These lantern rollcii ate 

to revolve bj means of bfvel 
raiOBS, fixed on the ends of 


[ m on tho ends of 

1 p M, tmed 

II jglg"* * *»4 nd 
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clothf. and these hair cloths folded within a canvas or other suitable wrapper Three 
or more hats being thus inclosed in each wrapper, the packages are severally put into 
bags or pockits m an endless band of sackcloth, or other buitablt material, which 
endless band is extended over the lantern rollers in the machine 

In the flist instance, for the purpobe of merely uttaciiingthc furs to the felts (which is 
called slicking, when perfoimtd by hand), Mr Carey pnfers to pass the endless band 
hkk, with the covered hat bodit‘s, over the upper series///, of the lantern rolkrs, in 
order to avoid the jnooavinieucc of disturbing the fur, which might occur fiom sub 
jeoiing them to immersion m the solution contained m the pan, before the fur had 
become attached to the bodu s 

After this opeiatioii of slicking hns been effected, he distends the endless band A A A, 
over the lower senes ot lantern rollers tee, and round a carrier roller /, as shown in 
Juf 946, and having withdiawn the hat bodies for the purpose of examining them, 
and changing tlieir folds, he packs theiVi again in a similai way in flannel, or oihei 
iuitable clotha, and introduces them into the pockets or bags of the endlebs bands, as 
before 

On putting the machinery m rotatory motion in the way described, the hats will be 
carried along through the apparatus, and subjected to the scalding solution in the pan, 
as also to the prcssuie, and to a tortuous action betvreen the nbs of the lantern rollers, 
as they revolve, which w ill cause the ends of the fur to work into the felted bodies of 
the hats, and by that means perinam ntly to attach the nap to the body , an operation 
which when pei formed by hand, is calh d rolling ott 

A varnish made by dissolving shellac, mastic, sandarac, and othei resins in alcohol, 
or the naphtha of wood vinegai, is generally employed os the stiffening and watei- 
proof ingredient of hat bodies A solution of eioutchouc is often applied to whale- 
bone and horse-hair hat bodies 

1 he following redipe has been prescribed as a good composition for stiffening bats 
four parts of shellac, one part of inastie, one half of a part of turpentine, dissolved in 
five parts of alcohol, by agitation and subsequent repose, without the aid of heat This 
stiffening vainish should be applied quickly to the body or foundation with a soft ob- 
long brush, in a dry and lathei warm workshop the hat being previously fitted with 
Its inside* turned outwards upon a block 1 he body must be immediately afterwards 
taken off, to prevent adhesion 

Another method of ].roceeding is, first to dissolve the gums by agitation m twice 
the due quantity ot spirits, whether of wood or wine, and then, after complete solu- 
tion, diaw ofi one half the spirit in a still, so as to bring the stiffening to a proper 
consistency ^o sediment subsequently appears on diluting this solution, howeier 
much it may be done. 

Both the spirit and alkali stifienings for hats made by the following two recipes, have 
been tried by some of the first houses in the trade, and ha\ e been much approved of 

Spirit Suffenmg 
7 pounds of oiangc shellac 
2 ^unds of gum sandarac, 

4 ounces of gum mastic 
Half a pound of amber resin. 

1 pint of solution of copal. 

I gallon of spirit of wine or wood naphtha 

The shellac, sandarac, mastic, resin, are dissolved m the spirit, and the solution of 
copal is adde^|st 

Alkali Stiffening 

7 pounds of common block shellac. 

1 pound of umber resin. 

4 ounces of gum thus 
4 ooncea of gum mastic 
a ounces of borax. 

Half a pint of solution of copal. 

The borax is first dissolved m a little warm water (lay I gallon) } thia aikaUpo 
liquor is now put into a copper pan (heated by steam), together with i6» diellae, re«l^ 
thus, and mastic, and allowed to boil for some time, more warm watfT 1i|emg added 
occ iBionally until it is of a proper oonsiatenoe. 

Hat~Dgeing — The ordinary hafo for dyeing hats employed by the London mahfi* 
facturen eonaiits, fbr 12 doaen, of— 

144 pounds of logwood | 

12 pounds of green sulphate of hnon, or cogperaii 
pounds of revdigris. 
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The eopper is nrailly mtde of e ieiiii»«yliiidricel ditpe* end riMd he eorroaadcd 
with an iron jacket or caee, into which eWam may be admitted, 10 ae raioe fbo lem- 
peratuns of the interior bath to 190^ F , bat no higher, otbennie the heat ii ant to 
aficet the itiiFeniog varniah. called the aum, with whteh the bodji of the hel hae oeen 
imbued. The logwood having been introdueed and digee^ for eamr timet the 
eopperaa and Terd^ns are added in ancoeMitfeqnaatitien, and in the aboee proportiona, 
along with every tucemive two or three doaime of hat», aoepeaded upon the d)p|)ing 
mat bine. Each eet of hate, after being expoe^ to the hnth with oecteional airtnga 
during 40 minutea, it laken off the pc^gii. and laid out upf»n ihegemind to be more com- 
pletely blackened by the pcroxidiaenient of the iron w itli the aimoipberie oxygen. In 
3 or 4 houra the dyeing ia completed. W hen fbUy dyed, thi liata are well waalied in 
running water. 

Mr. Buffum atatea that there are four principal oljoeu accompliehed by hie patent 
invention for dyeing hats 

1. In the operation ; 

2. 7'Ue produetiMU ot a better colour t 

3. The preventum of any of the damagea to which bate are liable in the dyeing; 

4 The aecoanpliihment of the dyeing proccat in a much ahorter time than by Ao 
u^ual methoda, and couaequently leaaening tlie it^urioua effeeta of the dye bath upon 
the texiiiie oi the hat. 

/•'ty P48 ahoM a one method of conatrueting the apparatua. o o ia a aemt cy hndrical 



ihaped copper veeael, with flat enda, in whioh the dyeing proeeaa ie carried on. hbh\% 
a wheel with several circular rims mounted upon arms, which revolve upon an sxlec. 
In the face of these rims a number of pe^ or blocks are set at nearly equal distances 
apart upon each of which pegs or blocks it is intended to place a bat and as the wiieel 
revolves, to pass it into and out of the dyeing liquor in the vat or copper. This wheel 
may be kept revolving with a very slow motion, either by gear connecting ita axle, c, 
with any moving power, or it may be turned round by hand, at intervals of ten 
minutea ; whereby the hats hang upou the pegs will be alternately immersed for the 
■pace of ten minaiee in the dyeing liquor, and then for tbe same space exposed to the 
Btmo»pherio air. In this way, the process of dyeing, ic is suppos^ may be greatly 
facilitated and improved, u the occasional transition fVom the dye vat Into the air, 
and firom tbe tir again into the bath, will enable the oxygen of the atmosphere to 
strike tbe dye more perfectly and expeditioiudy into the materials of which the hat 
ia compOMd, than by a eontinaed immersion in tbe bath for a mneh longer time. 

A variation in the mode of performing this proeeaa is suggested, ajiiid the appnrafos 
fig. 949 is prop^ to be employed. « a is a aqoan vat or vessel containing ilie dye- 
ing liqttor ; 63 is a frame or nek having a nnmber of pegp placed in It for haagiog 
the hau upon, which ire abont to be dyed, hi n nuumer similar to tbe wheel above 
described. This frame or rack is suspended by cords from a erane, and may in that 
way be lowerod down with the hats into the vat, or drawn up and aapoied in the airi 
dunges which may be made every 10 or 90 minaCea. 

Hr, William BiMge'h patent uaMvementa in bat dyeings povfly ihatidod apoo an 
iavention of Mr. Bowler, eoasiat, flrat hi eaasiag every aXUtnato frame to whieli tha 
anapendera or hloeka are to be attached, to itideln and ovtof groovea, Ibrthepmfpoia 
of mors eaaily removing tbe said suspenders when required. Fk. ^$6, lopriaenta tha 
fani»rovcddy«higfrfame,eoiialstlngoftwoeirenlaTrhiia,aa. wb& am cooneetedto- 
ne^it top and bo^hy three fried iMirpendioito 
Twoctepcfpendioalarlhunea,cc,a’w to tho fiitmcr, slide in gmWht dddi^ 



HAT MANUFACTURE. 


581 

fixed to the upper and lower rimt. Theie grooTei have nuti-fhiction rollen in them 
for the purpoae of making the framei c r, to alide in and out more freely. The 
aubpendera or lubitituteB for 
block!, tlieac lueani, may be 
more eaiily got at by drawing 
out the frames e c, about half 
way, when the susi)cndcr8, which 
art attached to the frames with 
the hats upon them, may be 
easily reached, and either re- 
moved or altered in position! 
and when It is done on one bide, 
the sliding frame may be brought 
out on the other, and tlic re- 
maining quantity of “suspenders'* 
undergo the same operation. 

The patentee remarks, that it 
fls'wcU known to all hot djers, 
that after the hats hu\e been iu 
the dyeing liquor some time, they 
ought to he taken out and e\- r d 
posed to the action of the atmo- 
spheric air, when they are again 
immersed in tlu copper, that 
part of the hat which was upper- 
most in the first immersion, being 
idaeed downwards in the second. 

This is done for the purpose of obtaining an uniform and regular dye. The patentee's 
mode of currying this operation into effect, is shown in the figure : r e arc pivots 
for the dyeiog-frainc to turn upon, which is supported by the arms from a crane 
above. The whole apparatus may be raised up or lowered into the oopper by 
means of the crane or other mechanism. When the dyeing-ftame is raised out ot 
the oojipcr, the whole of the suspenders or blocks are revenad, t>y turning the appa- 
ratus over upon the pivots e e, and thus the whole surfaces of the hats are equally 
acted upon by the dyeing material. 

It should he observed, that when tlie dyeing-frame is raised up out of the copper, 
it should he tilted on one side, so as to make all the liquor run out of the hats, as also 
to cause the rims of the hatb to hang down, and not atick to the body of the hat, or 
leave a had place or uneven dye upon it The second improvement described by the 
patentee, is the coobtructiou of “ suspenders," to he substituted instead of the ordinary 
blocks. 

These “ suspenders ” arc composed of thin plates of copper, bent into the required 
form, that is, nearly resembling that of a hat block, and made in such a manner as 
to be capable of contraction and expansion to suit different sized hats, and keep them 
distended, which may he altered by the workman at pleasure, when it is required to 
place the hats upon them, or remove them therefrom. The dyeing-frame at/jg, 950, 
18 shown with only two of these “ suspenders," in order to prevent conftision. One 
of these suspenders is represented detached at Jig, 951, which exhibits a side view ! 
and^y. 952, a front view of the same. It will he aehn by reference to the figure, that 
the suEpend^|i|onbist of two distinct parts, which may he enlarged or collapsed by a 
variety of mBn^ and which means may he suggested by any competent mechanic. 
The two parts of the suspenders are proposed to be connected together by arms §9* 
and at the junction of these arms a key is connected for turning them round when 
required. It will he seen on reference to the front view, Jig, 952, that the " sus- 
penders " or substitutes for blocks are open at the top or crown part of the hat; this 
is for the purpose of allowing the dyeing liquor to penetrate. 

From the mixture of copperas and v^igris employed in the hat dye, a vast quan- 
tity of ah ochreous muddy precipitate results, amounting to no less toan 26 per Mb 
of the weight of the copperaR. This iron mud forms a deposit upon the hats, 
not only corrodes the fine filaments of the heaver, but canaes hoth them and tha vw 
stuff to turn speedily of a maty brown. There is no process in the whole cifol^ 
our manufactures so barbarous as that of dyeing stuff hats. No fkj of ehsaolcm 
science seems hitherto to have penetrated the dark recesses of their dyo diops. 
nat^ have tried to remove thia corrosive hrowU ochre by a hath offals iWIPp* 
counteract the evil effect of the acid upon the black dyt tip m Wf®! 
hath i but with a moat unhappy effect Hals ao Ireated are nosi dsoopm 
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unprofitable, as they turn of a dirty brown hue when expoMd ibr a few weeks to 
snnshiae and air 

Ibe annual ralue of the hats manufactured at present in the UntM Kingdom is 
estimated at 3 000,000/ sterling 

HAWTHORN {I ptue Blantht Fr; Wrwidoni ticrm ) OwAsyevoxycfiNlfta, Liiin. 
This shrub has a hard whitish wood, hut as it is small and dUhiult to work. It is not 
much used 

HAYESSING A borate of llmi which Is found nf indaiitly on the westent coast 
of America so called fbom its di<«o\4rci Ithutut t lutiodmsdfoi use iii out glass 
It anufacture, and is used by our pof^Lra See Bohax 
HA/KL (AuniOrr, Fr IJatehtaud^, Qwm ) llu ( ryimft ntetfona, a snail 
undirwood, used a Uttk in tumiry and for the maanfaiturt of toys 
HAZEL A north of England term for a hard grit 
HAZhE MOtU 1> The name given in ilampshin to n light loamv soil 
HI* ARIH (f yir li //ecr/A, («eiiri ) is tlie flat or hollow span tii a biuelting 
* III it V ufK n which thi or and fluxes art s ib}eehd to ll t infltuiict ot flame 

HI VKIHSrONl A )ft stone tniploytd hi %hittning d or steps, &c A 
large <iuautity of hcarthstonts art hiou^lit to lioudon from the ipiiriits it Gud- 

iit ri» 

III VI 111! lont 01 Pnnciplc upon whidi the coi ditions rfldtively of 
solid fluid, and auilunn sutts diftud llmt which {roduus tli^ bcusation of 
M irinth ^ 

J Ik diNcnssion of the haliKudes of heat with thediffirtni kinds of mattet bill iigs to 

y ln^iio (heinuul s nntt, and is treated of in Watts' ‘ Dictionary of Chtinihtrt ' 
t will suffici in this pi icL, to state succinctly those laws which h m , mort dirictly, a 
healing on any ot our manufacturing processes 

Meat and motive powtr are mutuaTly convertible and heat leqwrea for tt% produdion 
and produceh bit aMtppearan l motite poiiet in iht ptoporiiono/Til Joot pounde Jut 
tcuh JaluenluU unit «/ heat — Jtankine 

This unit of heat has betu established by Di Joule to he the amount of heat rc* 
quirtd to raise the teniptrature ot one pound ot liquid water by one digrcc of 1 ahrin- 
hut A falling weight, oi any other mode ot motion, piodutes a dtfliiitc quuntit) 
of heat according to this law 

ff the total actual htat of a horn H/ineoua and uniformly hot subhtance be conceu ed to 
he divukd into any numberh of equal partly the effect of tluoae jtarta m cauniig work to ht 
performid will be equal — Bankine 

Or in other wor^ of a giun tquivaknt of heat, from whatrver source producid, 
the work which it can effect is alwajs an equal and constant quuntit} 

Heat may be produced by fiictioii as wt see m the development ot it, powerfullv* 
in the axles of railway carnages iiisufflcieuily lubncated By ihe attrition of two 
pitcts of wood Ignition can ht obtaimd 

Heat is developed in the mixiuu of bodies of diffirint densities, such as spints of 
wim. and water, or sulphui ic acid and water, thtre being a diminution of volume m 
each case 

Heat IS produced by many conditions of chemical combination, in numerous cases 
so energetically as to produce intense combustion and even explosion 

Heat IB obtained by combustion for our ordinary manufacturing processes, and 
domestic uses. This is a chemical union of one body with another, as carbon with 
oxygen , but to effect this, an excitant appears necessary or a continuaBy increasing 
excitement of the energy upon which beat depends, as, the application of flame in 
one ease and the phenomena of spontaneous combustion in anotner. 

Flectiicity by its disturbing power, deveiopes heat, and this all important force is 
also render^ maniftat by the pro c ess e s of vitality (vital or nervous foroe) 

Dr Joule has clearly shown, that whatever may be the aonrte of heat, a cer- 
tain fixed elevation of temperature is produced by a given amount of mechanical, 
chemical, electneal, or vital distnrhanee, and that the mechanical value of the eauee 
producing the beat is exactly represented by the meebsuif al effect obtained 
For a full discussion of this important point, see the Memoirs of Joule, of Thomaon, 
and of Rankioe, m the Philoeophical Transactions of London and Edinbargli. The 
applications of heat wdl be found under the proper heads See alto SimimoaL 
Stati. 

HEAT-REGULATOR, or TwnMOitAT. The name given by M Bonnemam to 
an iageBiOQaapparatnsIliwregiilating the temperate his incnhailng etove rooms. 
See brcDBATioM, AmnnctAi., for the tnanner of applying the Heat-RegiMor. 

The oottstmeiion of the regnlatoris founded upon the unequal dilatation of diflkfont 
•Wtdi bf ^ MOM degre. of hMt Aradof 
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«iid into 0 brau nut oooloied in i leaded box nr tube, terminated above by a brau 
cnllet <. This tube ia plunged into the water of the boiler, alongside of the smoke- 
pipe. Fig, 054, is a bird’s-eye view of the dial, Ite. The expansion of the le^ 
being more than the iron for a like degree of temperature, and the rod enclosed within 
the tui^ being less easily warmed, whenever the heat rises to the desired pitch, the 
elongation of the tube puu the collet x in contact with the heel, a, ot‘ the bent lever 
If, 6, i/} thence the slightest increase 953 

of heat lengthens the tube anew, ^ > 

and the collet lifting the heel of p-- — a ' V ' " *. ™ h 

the lever, depresses the other end ^ ^ 

d thiqplligh* a.mudk greater space, r 954 

on aeooUttC of the relative lengths ^ | 

of its legs. This movement ope- ^ I 

rates near the axis of a balance-bar I 

c, sinks one end of this, and there- ■ 

by increases the extent of the move- ^ 

luent, which is transmitted directly ^ 

to the iron skewer v. This push- » ‘II 

ing down a swing register dinii- |J 

nibhes or cuts off the access of air Uj 

to the fire-place. The combustion ^ 

is thereby olibiriicted, and the tern- « 


peraturc falling by degrees, the tube shrinks and disengages the heel of the lever. The 
counterpoise g, fixed to the balance beam e, raises the other extremity of this beam by 
raising the end d of the lever as much as is neossury to make the heel bear upon the 
collet of the tube. The swing register acted upon by this means, presents a greater 
section to the passage of the air ; whence the combustion is increased. To counter- 
balance the enect of atmospheric changes, the iron stem which supports the regulator 
is terminated by a dial disc, round the shaft of the needle above Kfig, 954 ; on turn- 
ing this needle, the stem below it tarns, as well as a screw at its under end, which raises 


or lowers the leaden tube. In the first case the heel falls, and opens the swing re- 
gister, whence a higher temperature is required to shut it, by the expansion of the tube. 
\Ve may thus obtain a regularly higher temperature. If, on the contrary, we raise 
the tube by turning the needle In the other direction, the register presents a smaller 
opening, and shuts at a lower temperature ; in this case we obtain a regularly lower 
temperature. It is therefore easy, says M. Ilonnemain, to determine d pfwri the degree 
of temperature to be given to the water circulating in the stove pij^s. In order to 
facilitate the regulation of the apparatus, be graduated the disc dul, and inicribed 
upon its top and bottom, the words Strong and Weak heat. 

Thubmostat, ie the name of an apparatus for regulating temperature, in va- 
porisation, distillations, heating baths or hothouses, and ventilating apartments, Ste,; 
for ahich I obtained a natent in the year 1831. It operates upon the physical prin- 
ciple, that when two tain metallic bars of different expansibilities are riveted or 
soldered facewise together, any change of temperature m them will cause a sensible 
movement of flexure in the compound bar, to one side or other ; which movement 
may be made to operate, by the intervention (ff levers, &c., in any desired degree, 


temperature of the media in which the said compouiid bars are placed. Two long 
rulers, one of b|||L and one of hard hammered brass, riveted together, answer very 
well ; the olj4Reing not simply to indicate, bat to control or modf/y temperature 
The following diagrams will iUostrste a few out of the numerous applicstions of this 
instrument : 


. Ftg. 955, a, h, is a single thermostatic bar, eonsiiting of two or more bars or vaHen 
of differently expansible solids (of which, in certain eases, wood may be one) : th^ 
bars or rulers are firmly rivet^ or soldered together, fiice to fkoe. One end of tbs 
compound bar is fixed by bolts at a, to the interior of the containing cistern, boilsn 
or apartment, aim b, whereof the temperature has to be regnlatvd, and the other m 
of the compound bar at b, is left free to move down towards c, by the fletnre whwn 
will take place when its temperature is raised. 

The end b, is connected by a link, b d, with a lever d e, which is morsd by the 
flexure into the dotted position b g, canting the tuming-valve, air-ventUator, or i** 
gwUT, o B, to revolve with a eominKNiding angolar motion, whereby the Istef 
raise the equipoised slide-damMr A which is suspended by a link from the 
of the lever e d, into the position A A. Thus a botnouse or a water-badh may kJJJ 
temperature regulated by the contemporaneous admission of wann, stid mmiifS. 
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Ftg 956, a 5 c It 8 thermottatie lioop, immened hAruontallj benecA tht iorAu)«of 
the water bath of a still 1 he hoop it fix d at a, and the two andi A art eoDaecttd 
by two links /> J, e <(, with a atrught sliding rod J A to which thi hoop will give an 

endwise wini o, when its lempeniittre is 
altered i e, ih an adjuating ernw not on the 
tod d A, for M ttmg the l«m / which is 
fixed on the axis c? the taming valve or eoslc 
/, at any disiitd position, ao that the valve 
may be opt m a or slOitec any disired tem- 
perature, concsponding to the widening of 
the points b, (, sud the oonseiitaneous re- 
traeuon of Ae pi mt d, thwards the circum- 
ference a Ac or the hoop g h. It an are 
graduated by a tliermomctci after the sciow- 
piuee hasten adjusted Ihrough a hole 
at k the guide t d passes , i, is the cold* 
water cistern , t / A, the pii>e to admit cold 
water) /, ih overflow pipe at which the 
excess of hot water runs oft 

I uf 0^7 shows a pair of thermostatic bars, 
boltid fast together at the inds a The 
free ends A, c, arc of unequal length, so ns 
to act by the cross links J, f on the stop- 
cock e The links arc jointed to the handle 
uf the turning plug of the cock, on opposite 
sides uf us centre, whereby that plug will 
be turned round in proportion to the wideuing 
of the points he A y is the pipe coiiiuiiinicating with the stopcock 
Suppose that for certain purposes in phartnfac\, dyeing oi any other chemical art 
a water bath s required to be maintained steadily at a tempi riituie ot l&O^P let the 
cooibmed tUcrmoatatic bars, hinged together at e J, fiy 956, be plated in the bath 

between the outer and inner vessels 
0 , A, c if, being bolted fast to the inner 
vessel at o, and have their sliding rod A, 
connected by a link with a lever fixid 
ufion the turning plug of the stopcock t, 
which introduciw cold water from a 
cistern j», through a pipe m, i, n, into the 
bottom part of the bath 1 be length 
of the link must be so at^justed that the 
flexure of the baia, wheu they are at a 
temperature of 1 50*^, will open the said 
•topeock, and admit cold water to pass 
into the bottom of the bath through the 
pipe t It, whereby hot water will be dis* 
placed at the top of the bath through 
an open overflow-pipe at q An oil 
bath may be regulated on the same 
plan t the hot oil overflowing from q, 
into a refrigeratory worm, from which it may be restored to the eiitem m When a 
water bath is healed by the diatnbution of a tortuous steam pipe through it, as ta o 0 , 
It will be neeestary to connect the bnk of Ute tliermoetoiic bars with the lever of the 
taming plug of this steam<«oek, or of the throttle valve 1 , m order that the bars, by 
their flexure, may shut or open the cteum psseage more or lese, geeQiriding as the tern* 
peracore of the water m the bath ihall tend more or leas to deviate from the mteh to 
which the apparatua has been a^jiisled. The water of the condenaed steam will peas 
oS from the moping winding-pipe 1 a 0 p, throngh the stop ugorlfloe p A saltoeaeid 
or alkaline bath has a boiling temptratore proportional to us degree of eonoextnUaoai, 
and may therefore have its beat related by immerilng a thermoatat m it and eon> 
neeting the working part of the inslrunieat with a itopooek 1 , wfaieh will admit water 
todilute the both wbeneverby eva|Kirauoo ukasbecomecaDeentnded,and haaaeqmr^ 
abigher boilmg poiat The space Ibr the bath, between the outer and mnerpads, ihotiid 
cornmnnieate by one pipe with the water cistern m, and by another pipe with asafety 
eiateni r, into which the bath may be allowed 10 overflow dnnag any ondden eseees ef 
ebnltitten. 

Fkff. 961 IS a thermostaito apparatoi, composed of three purs of bars d d iL which 
•rs represeuted in a state of ftoxote by aeat« hut they bcccma aearlj enhlght 
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and imrutlid when cnld a ft t m a. f^uulc rod, fixed at one end hy an B 4 )a*ttng screw 
r, lu the strong Iraine /e, having deep guide 
ginoeta at the sideii J 9 , is the work- 
ing rod, which iiioees eiidnays when the 
liais d d d opt I ate by ludt or told A 
sqitiro iif^isur plate /i g inn) l>e affixed 
t<» the tod / (t, so HH to be moved backwards 
and forwards thereb}, according to the 
vaiiititiiiH of Umpt rature , nr the lod / v, 
ina> tause tbecircuii ir turning air-ugistei, 

I, to rc volte by ratk and whiM I work, or by 
a chain and pulU } 1 he re giitcr plate h t/, 

«>i turning regihte I i, is situated at the ccmI- 
ingot upper put t of the chamber and serves 
to it t out hot air A >■ a pulle } , ovci whie h 
e cold luns to raise oi lowci u hot atr 
re gister /, which may be situatt d near the 
llooi of the apai tment or hot4iou<e, to admit 
hot air into the room e is a iiiiikMl be»ad, 
foi adjusting the thcimostat, b> means of 
the serew at e, in Older that it mu) regulate the temperature to nn} degree 

J tq *102 repu scuts a chimney, furnished with a pyrohUtt a & c, acting b} the links 
/i, (/, t,t oil a dumper iky Ihe mote expansible metal is in the present example 
suppoMd to hi. on the outside Ihe plane of the damper-plate will, in this case, be 
tinned inoie directI} into the passage of the draught through the chimney by increase 
of ttnipeiututc - 

/ iq 96(1 n piesents a cireulur turning register, such as is used for a stove, or stove- 
grite, 01 lor ventilating apartments, n is turnulud with a senes of Spiral the rmoaiatic 
bars, each h ir being fixed fast at the circumfeieuco of the oirole (,«,of the fixed plate 
of the air register, and all the bars actic concert at the dmtreoof tbo 
tinning put ot the register, hy their ends being loierUiA between the 
tieth of a biiiiill pinion, or by being jointed to the central part of the 
tuiiiiiig plate hy small pins 

/> iq *159 1 e prt se nts unothe r arrangement of my thermojrtatio apparatus 
applied to a euoulai tmniug register, like the preoedingi for ventilating 
iipartmenis 1 wo pans of compound bars are applied so as to act in 
eoiieert, bv means ot the links o t ,6 c, on the opposite ends of u short level 
which IS fixed on the central pai t of the turning plate of the air-register. 

1 be two pans ot conipouud bars a &, are fastened to the circumference 
of the* fixe*d plate of the turning re^Ster, by two sliding rods ad, b e, 
w hich aie furnished w ith adjusting screws 1 heir motion or flexure is 
tinnsinitted by ihi liuks a c and b r, to the turning plate, about its centre, 
foi (he puipose of shutting 01 opening the ventilating sectorial aper- 
ture s, more or Jess, according to the temperature of the air which sur- 
rounds the thermostatic turning registci. By adjusting the screws a d, and b e, the 
tinning register is made to close all its apertures at any desired degree of tempera- 
tuie , but w Lenever the air is above that temperature, the flexure of the compound bars 
will open the apertures 

IIL AVn, a mmer^s Umt expressing the dislocation of a lode. See Fault. 
IIEAVY-SP®, SUEFIIATL OF BAllYTES, or CAWK* Fp.| 

Schuetspath, Germ ), is an abundant mineral, which accompanies veins of lead, silver, 
mercury, &e , hut is often found, also, in large masses. Its colour Is nsnally white, 
or flesh colouicd It vanes from traosluoent to opaque. It belongs to the tnmetric 
Bvstciu, but It occurs in many crystalline forms, of which the cleavage le a nght 
rhombuidal piisiill. It is met with also of a fibrous, radiated, and granular gtmeUire. 
Its sp gr >arus from 4 1 to 4 7 II « 2 5 to 3 5. It hat a strong lustre, between 
the fatty and the vitreoue, sometiiues pearly. It melts at 35^ Wedgw. intb a white 
opaque enamel Its constituents are 65*67 baryta, and 34 33 sulphuric acid t hot it » 
aoinetimes rendered impure by oxide of iron, iilica, carbonate of lime and alamiaa, 
and commonly by aulphatc of strontian. It is not acted upon by acids | deerepitates 
before the blowpipe , and is difficultly fusible, or only on the edges. In the inniff 
fldiiitt 18 reduced to a aulphoret, and the globule when moistened aaaells elU^Y 
hipatic. It u decomposed by]Milcinatioa m contact with ohareoel at nirhitalw» 
into sulphuret of baiyta , flrom woh all the baryta salts may be readily AmncdL W 
chief employment in oommeree is for adulterati^ white leM } a pnrpoie whiai n 

1 ^ mlM to tho opoque muilvo vurlrty, of sa oarihf ap fsi w an ^ aSd dh^ 
wbUo colour, » hirb u fouud •hln aid italbntohlre 
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readily nerref on tceouniof ite density. Its presence here is oMily detected by dilute 
nitric ecid. which dissolves the carbunete of load, and leares the beiry spar. It is 
also a usefbl ingredient in some hinds of pottery, and glasa. 

The following were the quantities of harytee, both enrhonite and solphils, returned 
to the Mining Kecord Offloc, end reported in Hunt's JUiaswl SiaUnhct for 1 665.-^ 

Vila*. 

T.n, Cat / fc 4 . 

Ditanaw ; FalloivAvM 4,«S4 4 IS u 

CuMatRLanu Aliteii Moor - ... Mil /COO 

KHROlWHiab. ' - - il 0 401 IS 0 

KuailbMoh . . . • • CO SI to >1 

Ottfh|»ii>e. • > • . !W0 0 SyO o 0 

llo|ie Viilli s . - _ - iiOO w 4 ^ U 0 

... t IS 140 

Wothartun l.rso o 7% 0 0 

*1 l^ 0 

Herhyshire, the Isle of Arran, and Ireland prodnoed some sulphate of barytes 
whirh lias not 1 m ^ u given in the above return. 

II L( Kl.E (Se/ant Fr. , Ifechrl, Germ.) is an implement for dissevering the ill \* 
iiients wf flax, and laying them m parallel strieks or tresses. Sec Flax. 

HKlJOGIlAPHi was the name given by M. Niepce to his process for obtaining, 
throii{/h the ageney of the solar rays upon plates of motnl or glass co\ ered with resins, 
the iiiipressioo of external objects. The process has been cmplo}ed of late years m 
pr« pai ing lithographic stones, and steel or copper pluU^s. for receiving photugraphio 
impressions, which might be subsequently printed from. The name heliography is a 
f.ir more appropriate one thnn photography ; hut the latter has bt^come too permanently 
fixe<l in our lunguago to leave any hope of our returning to the former. Sec PiioTo- 
GHAPUY. 

HELIOTROPE IS a variety of Jasper, mix(«d with chlorite, green earth, and diallagc *, 
oceasionally marked with blo^ red points ; whence its vulgar name ot blood-atone, 

HEMATINE is the name given by its discoverer Chcvrcul to a crystalline sub* 
stance, of a pale pink ct>lour, and brllHant lustre when viewed in a lens, which he 
extracted flroiii logaood, the Ilirmabuylon Campechianum of botanists. It is, in fact, 
the characteristic principle of this dye wood. To procure hematine, digest during 
a few hours ground logwood in water heated to a temperature of abont 130^ Fabr. { 
Alter the liquor, aporate it to dryness by a steam bath, and put the extract in 
alcohol of 0*8S3 for a day. Then filter anew, and after having inspissated the 
alcoholic solution by evaporation, pour into it a little water, evaporate gently again, 
and then leave it to itself in a cool place. In this way numerous crystals of hematine 
will he obtained, which may he purified by washing with alcohol and drying. 

When subjected to dry distillation in a retort, hematine affords all the usual products 
of vegetable bodies, nloug with a little ammonia , which proves the presence of asote. 
Boiling water dissolves it abundantly, and assumes an orangc-red colour, which passes 
into yellow by cooling, but bermnes red a^in with heat. Sulphurous acid destroys 
the colour of solution of hematine. i'otash and ammonia convert into a dark purple- 
red tint the pale solutioir of hematine ; when these alkalies are added in large quantity, 
they make die colour violet blue, then brown-red, and lastly brown-yellow. By this 
time the hematine has become decomposed, and cannot be restored to its pristine state 
by nentralisbg the alkalies with acids. 

The waters of baryta, strontia, and lime exercise an analogons power of decomposi- 
tioD ; bat thej[ eventually precipitate the changed colouring nutter. 

A red solution of bematiue sulgectedto a current of salphufwed hydrogen becomes 
yellow I but it resumes its original hue when the sulphuretted hydrogen is removed by 
a little potash. 

The protoxide of lead, the protoxide of tin, the hydrate of peroxide of iron, the 
hydrate of oxides of eopper and nickel, oxide of bismuth, combine with hematine, and 
e^onr it blue with more or less of a violet cast 0 

Hematine proeipitetes (^ne from its solution In reddish flocks. Tlds substance has 
not hitherto been employed in its pore state { but as it constitutes the active principle 
of IcMOod, It enters as an ingredient into all the eolonri made with that dye etoff, 

Tfieee eoloois are principally violee and black. Chevruel has proposed hematint 
as an exeelleiit test of acidity. 

HEMATITE {FirOU^Uii, Germ.) is a native reddish-brown 

peroxide of iron. This term was applied to this ore of iron by the ancients, on 
acimiintcfthenricoloorofitspowdef,W ^ 

This eperiea Mato apretJar to and the oM rMnm (aee Imm, SraciTLAm} 
MicAciooa). ** The varictief of a sob-metallic or flMHQMiliio luatie were 

tbe as^t^ hmaiii$,J&nm red to^ or of ififl and earthy red octo, and 
when ocnaittiiig of sligbtly coherent scales, ses^r rsd to or M ton/wtA (patuay 
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Pana also incliidos, most ii^udiciously as it appears, r§ddh orrerf ehalkt nikdjatperjf clay 
I/on ore, with some others, among the hi matites 
The hematite proper occurs in a remarkable manner at Whitehaven and at UWer- 
stone The following analysis of the Whitehaven ore of Cleator Moor by Mr A. 
Pick, shows Its peculiar character — 


Peroxide of iron - - - 

Protoxide of manganese - 

_ 

- 

- 

- 9'! 16 
. 0 84 

Lime - - - 


- 

- 

- 0 07 

Phosphoric acid - - - 

- 

- 

- 

trace 

HuJphurie acid 

Bisulphide of iron 



• 

trace 
- trace 

Insoluble icsidue • 


■ 

■ 

- 5*68 

1UP15 

Iron, total amount 

• 

- 

- 

- 66 GO 

The following analysis of the U1 vet stone ore is 
GdJbrow Ore, 

b} the same chemist — 

Peroxide of iron - - - 

- 



- 86 50 

Protoxide of manganese - 

- 



> 0 81 

Lime - - - - 

• 



- 8 77 

Magnesia - - 

Oai Dome acid 




1 46 

. 



- 2 96 

Phosphoi ic acid 

- 



trace 

Suipliiiric acid 

- 



- 0 11 

Insoluble residue - . - 

■ 



- 6 55 

100 56 

Iron, total amonnt . . - 

- 

- 

- 

- 60 55 

Anothi^r ore, that of Idndale Moor, near 
Spiller. 

Ulverstone, was dhalysed by 

Peroxide of iron - - - 




- 94 28 

Piotoxide of manganese- 




- 0-.28 

Alumina . - - - 




- 0 51 

l.inie . - - - - 




- 0*05 

Magnesia - - - 




- trace 

Phosphoric acid 




minute trace 

Sulpliuiic acid - - - 




- 0 09 

bisulphide of iron - . - 




- 0-03 

Water, hygroscopic 




• 0 39 

„ combined - 




- 0*17 

Insoluble residue • . • 




- 5 18 

100 88 

Iron, total amount ... 

- 

- 

- 

* . 65-98 


In 1857, Whitehaven district produced of hematite, 883,819 tonsi and in 1665, 
8<t7,059 tons, and the Lancashire or Ulverstone district, 698,390 tons in 1367, and 
607,439 tons in 1865 

Some of the ITlventone ore is smelted with charcoil at some Aimaoes in the 
district, and 849,34p>t» 3t the Barrow Hematite works. 

The Cleator Moor, Workington, and West Cumberland ftimaces, in 1865, used 
814,433 tons of the 'Vi^itehaven iron-ora 

All the remainder was sent into the other great iron-makinff districts for mixing 
with* the argillaceous carbonates, and odier ores of iron. See ukw. 

HEMATOSIN. The red colouring matter of blood, which is sold in a dry state 
for making Prussian blue. 

HEMLOCK SPRUCE. wood of wMshliai been sicd 

for railway rieepers, and is employed for laths. 

HEMP. (C&iiiire,Fr.; Hafj/;Genn.) Aplant(GsiiMi5wsatiwi\anativeofIndi^ 
hot has been long introduced into Europe, and onltivmted estenuvelT in Italy^ and 
tn Russia and Pobmd } a small quantity nas been ealtiTaled in Suifolk, in Linooln- 
sliirc, and in Ireland. 

Hemp is assorted into idean hemp, emUdeA hemp, haff ebon hemp, and hemp eeHOm 
Aeoordmg to M*Culloeh, a handle of clean hemp from ttussla wei« 85 to 88 poodki 
of out-riiot, from 48 to 85 poods i of half clean* 40 to 48 poods<^tEe pood befng equal 
avoirdupois. 

produce of the wild banana, Ujeea fssfifts. ** It b known*” 
says Mr. Cranford, in his hbtory of the Eastern Archipelago, ** to our traders and 
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MYlgiton vnto the name of MuUla rope, and if eqnatlj appHoahle to eablee and 
to ftanding or ranning rigging.” 

Sunn and Jutk are two eanetie* of hemp. Hemp is need In the maanlhotare of 
huckaback for toweU and common tableelotha, and of the low priced cloth worn bj 
agneultaral labooren The largeit contumption ef thia awterial if in the maauw 
factnre of aail cloth and cordage. 


Htmp mporUd m 1868. 



DrMMd. 

UadffMMid 

C^gjtaor 

Jttto. 

1 

Wtl. 

C«Uk 

ewu: 

cwti. 

Rnaaia • * * * ’ 1 

88,176 

460,460 

8,867 

- - 

France 

- • 

6.832 

• - 

1,041,864 

Ital} : Sardinian Statea- 

• • 

5,321 

- - 

- - 

Aoatrian Territoriea - - • • 

7,758 

111,497 

11,776 

- 

Philippine lalanda «... 

- - 

311,621 

- ■ 

- - 

China 

• • 

8,849 

- 

• " 

India, Singapore, Ce) Ion 

- - 

37,760 

- - 1 


United Statea — North Atlantic porta • 

• - 

6,302 

- - 

- 

Other pana i 

5,4.‘!2 

8,335 

4,674 

14,184 

Total j 

41,365 

970,675 

19,817 

2,264,897 


ihmp impofttd in 1864. 






Draiied. 

UndreiMd 

CodllUof 

Hemp 

Jute. 

Ruaaia • • « 




ewt». 

cwU. 

ewU. 

e«U. 




26,565 

612,430 

1,108 


Austrian Territories - 




19,129 

130,949 

8,293 

. 

Philippine lalanda 




22,743 

161,800 

• • 

.. 

China- - - - 

United Statea:— 




4,565 

• • 

- - 


North Atlantic porta 





6,008 

16,688 

15,080 

South Atlantic pcrta 





^HTITE 

. 

Brasil- 

British India t— 





4,934 

- - 

- - 

Bomhnj, Sinde 





51,843 


16,072 

Bfadraa - 





6,890 


386 

Bengal and Pegu « 





16,978 


1,991,798 

Singapore, Enat StraiU Settlements 



609 



France - . • 

- 

• 



- 


1,266,817 

Ceylon . . « 

Other parts 

• 



8,250 

881 

9,666 

6/)04 

1,861 

Total • 

- 

• 


70,677 

906,080 

84,981 

8,860,854 


HEMP Srao. Tfr. Gwm.) The Med of te heap ; it ie 

need for emahinf , for ita oil, or aa ibod ibr biida« 

We mpcrledt m 1868, 18,606 qoattefa of hemp aeed, the oompnted real ealiie of 
which waa 86,417/. t and in 1664, 18,808 raitera, Talne 86,888t 

HBNBAHK. The H|(eiqw««» Ebal«aeiee|^iieedlaMadiela,kikMB 
which Modern dmiwp hH extneted • new erpeliaUne tefetAle ptteeiple oMIed 
VnqmMi, wIM b eeij poMonm and when wplied in eolntian tolhe «m, deier. 

^M^ftrdjreincilManibfaidMBMt SMdiManiA. 

V«--a«ah«bb 

Srai^CAL fl«m HcmM, wh» wm MU to 

be the parent of Egypliu ehcmlatiy. HI* niedtodeaignatetheperfeOtcloaiiie of a 










lidildw vessel, by the cementing or melting of the lips of its orifice ; as in the case of a 
gla^N thermometer, or matrass. 

IfEKNANDIA OVIGEKA. llemant seeds, some of which are imported from 
India fur tanning. 

HERRINGS. The herring fiimily belongs to the order Maheoptery git, chme- 
terised by having a sc ily body like the salmon, and no adipose dorsal fin. The 
herrings, Chpea Ifarenyus^ are a well-known fish inhabiting the deep water all 
round the British Isles. They approach the shores in the months of August and 
Sejitembcr for the purpose of depositing their spawn, which takes place in October 
or November. At this period they arc caught in immense numbers, upwards of 
20,0(10,0(10 fish have, it is said, been taken off Lowestoft alone. By thus destroj «ng 
the gravid fish, wc wantonly destroy one of our most irojMrtant fisheries. Tlie 
(piantity of herrings which appear on our coasts are ^coming less and less each 
> ear ; and unless some system is adopted, this, fish will, in a comparatively short timci 
become extinct, and a most important industry be destroyed. 

IJESPEllIDEiE or AURANTIACEAE. A family of dicotyledonous plants. 
They are trees or shrubs. The leaves are dark gmn, glabrous, of a coriaceous 
icxture, and dotted with numerous transparent points, caused by the presence of 
receptacles filled with a volati.c oil which communicates the odour peculiar to the 
family. The species are numerous, the greater number originally natives of the 
tropical regions of Asia, though now cultivation has spread them over the larger 
portion of the globe. The fiowem are usually octoiiferous ; the fruit has a more or 
less acid pulp ; and the wood is geni-mlly compact and valuable. The genus Citnu 
contains the best known species of the family. Under Citrus, most of the fruits 
are referred to. The fruits, however, of several other genera belonging to the family 
are greatly esteemed in the countries which produce them. The H ampa^ highly 
relished iu (liina and the Indian Archipelago, is the fruit of Cooha pimctelix, and 
considered excellent. The Oeyle marmelas is used in medicine, and a perftirae is 
prepared from the liud of the fruit, which is itself delicious, and acts as a laxative. 

lIKSSONrrE, or EttimtU. The name given by Hauy to cinnamon stone. 

HICKORY. The Juglana alha j white walnut, a native of America. There are 
several species, all natives of North America, and growing into stately trees. The 
wood of mo hickory, and some others of the Jughndacea:, is tough and strong, there- 
lure it is used for making shafts and springs for carriages, such screws as are em- 
ployed in bookbinderH* presses, for cogged wheels, and many other purposes where 
toughness is a desideratum. I'lie hickor} nuts are much esteemed, and form an 
article of trade. 'I'lic heart of the wood is often red, and the bark has been recom- 
mended by Dr. Bancroft as a yellow dye. 

HIDE. (Pcaa, Fr. ; HoMt, Germ.) The strong skin of an ox, horse, or other large 
animal. The lists of impertM below will show to what an extent a trade in the skins of 
animals is carriod on wiA tbia country. We receive hides larg^y from Russia and 
the north of Eoiope. from America there are also laige quantities brought to this 
country. , . 

The following table shows the number of hides which were imported in 1868 and 
1864:— 


lIiaeM|orted. 


Not tanned, or in any way dressed 1 
—dry J 

Not tanned &c.— wet - - - 

Tanned, not otherwise dressed 
Tlkred, or in any way being dres- 1 
«Bd, not being varnished J 
Varnirikod, Japanned, &c. - 

Pieces, raw, nndressed- 
Muscovy or Russia, coloured ftc. - 
In any way dressed, not otherwise 'I 
enumerated / 


CompiilPd 
real value. 


855,306 1,235,642 
667,518 1,548,980 

Ibt. 

2,804,118 110,353 


1,611,841 

701,595 


110,353 

128,847 

192,740 

695 

,10,913 

1,869 


1864 

cwti. 

Computed 
real value. 


£ 

672,431 

1,033,073 

82,07 

1,644,413 

till. 

3, 701, >64 

141,443 

1,985,685 

‘ 159,050 

605,073 

165,635 

. . 

18^ 

153,733 

10.857 

- - 

895 
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HIPPOCASTANUM The common honcMibeitnat 
HIPPOPOTAMUS Tt LI H Sec Ivonr 

HOG'S LARD, or Axungi^ the latter name dented fVom tht uie to which it waa 
put hy the anciente, i e to gfrease the axle of a wheel It la ohtam<d fyom all the 
hog tnbe {Sw tcrofa) Hog a lard jb largtly iisid in the manufiteture of ( iiitmiiita, 
pruiatum, &c Ita proximate anal vsia git cs act onling t Brace nnot Stearineand 
margarine, 38, claitie, I he btearine is aeparated and uatd n tin maiiufactun. 
of eandUa and the elainc aold under the niiiiii of Lard Oil 
HOLT AND \ lim n fabric which ii told when uiibkarlud aa &rown A 'jad, and 
w hich is used whi n bleached for finer purpose a See 1 INXN 
HOLLANDS A grain apirit uianutactund in Hullatid 
HOI I Y (Le Hi mo:, Ir » St&hfHtlmft Germ ) The Ikx njwfolmm of Linnaeus, 
a British plant Its Uatea yield a yellow colouring mattir luifar to that obtained 
fiom buckwheat The wood is as white at tvor\ very haul iiiid hm grained, and 
bUbceptdU cf a high polish , it is cinpto^id for man} puipoMS 

UGMtXIENOl S A uDiformity of btriicturc as a] plud to metnls Suol is said 
to be bomogenuus a hen tlie partuks constitutiug the misb iit 1 the sami sire and 
sinicturc throughout 

HOMOLOGOUS A term used m organic chcmistiy to denote that aubstancis 
difiei b> the constant incitment C'H* Fhub, in the gnat bii u s of atids commeiicuig 
ith thi (orniie and extending up to the fatty acids, each homdoifut contains C IP mure 
iluD the one before, and C*ir hbs than the one following, thus — 
hormic acid • - CMPOM Piopionic acid - tWO* 

AiitK acid - - CMUO* I Butyiic aeid - - C“IPO*&c — C G.W 

HONDURAS MAHOGANY —See Manor- any 

IIONLS AND HONL SLA I Lb Ihese arc saty stones which are used m 
btr light piLCCb for sharpening took ittcr they ha\e been ground on revolving giind- 
Btoius The moie import mt vane ties are the following — 

Tht Aorttay Ragiitone which is the coarsest variety of the hone slates, is imported 
in large quantities from Norwa} In Chamwood Forest, near Mount Sorrel, in 
1 1 letsterbhire, particularl) from the Mhittle Hill quarry aie obtained the Chnrnkg 
Fortst iStona, said to be one of tlu hist sulstitutes for the Tut key oilstone, and it 
18 much in request by joiners and othirs Ayr Btone^ Snake itone, and Scotch ntone are 
used espicially for polishing copper plates The Wdeh mUtone is almost m equal 
upute with theCharnlc} Forest stone , it is ohtdined from the vieiuity of Llyn Idwall, 
near Snowdon, and hence it is sometimes called Jdwall etone F roni Snowdon is also 
obtained the t utter' t green stone Ihe Deionahire oiUtonee^ obtained near Tavistock, 
which were introduced by Mr John 1 aylor, are of excellent quality, but the supply 
of them being irregular they have fallen into disuse 

ihe (tcrman razor hone has bien long cclebi ated. It is obtained from the slate 
mountains in the neighbourhood 1 1 Iiirisbon, where it occurs in the form of a jellow 
vein running through tht blui. v iieing in thickness from I to 18 inches When 
quanied it is sawn into thin slabs, 'iiiu these are generally cemented to slices of slate 
which serve as a support Sometimes, however, the yellow and ihe blue slate are cut 
out naturally lonibiued 1 here are several other hone stones, which, however, require 
DO piiticular notice 

llic lurkiy oihtone is said to surpass m its ws} every other known substance, and 
it posstbses in an eminent degree the property of abrading the hardest iteel, it is, at 
till same time, of so compact and close a nature as to resist the pressure necessary 
lor sh iriHning a graver or any instrument of that description There are white and 
black varieties of the Turkey oilstone the black being the baldest, and it is imported 
in somewhat larger puces than the white, they are found in the interior of Asia 
Minor and are brought down to Smyrna for sale 
UONEk (Met, Fr , Jiomg Germ ) u a awcet viscid liquor, secreted in the nectaries 
of flowers, collected by the working bees, and deposited by them in the waxen cells 
of thiir combs \ irgin honey is that which is cxillected from n hire, the bees of which 
hav e never swarmed, the conunon honey is obtained from the o der hi vex The former, 
which IS considered the best, ib whitish or pale yellow, of a granular texture, a fragrant 
•mell, and a swett slightly puiigtnt taste • the latter is dark< r coloured, thicker, aad 
not so agreeable either m taste or smeU Honey would stem to be simply collected 
by the bees, for it eonaisfs of merely the vegetable products, such aa the lugm of 
grape, gum, and manna, along with mucilage, extracuve mattei, a little wax. 
and aeid 

Narbonne honey, the flavour of which is to much admlnd, owes its peonharitv to 
the flowers on which the bees feed ' 

VoL U Q Q 



594 


HOP. 


Tn'biinnd honey haR been long celebrated for ita intoxicating qnalitiei. The de- 
Rcription given in Xcnophon'e littrpii qf iht Ten Thomeand ia well known. Many 
( xiimples of polaonous honey are on record 
Ifonoy ia collected and sold to a oonaid(»rable extent in Britain, particularly in the 
north-weatem conntiea of Walea At Wrexham in Denbighahire there la an annnal 
fair, called the “ Honey Fair *’ Many ale breweriea employ a portion of honey to add 
atrength and flavour to their brewingt. 

HONEY COMB The waxen ocTIa of the bee. See Wax. 

HONEY-STONE (dfa//ite, Fr. ; Honigetein, Qerm.) la a mineral of a yellowiah 
or ruddiah colour, and a roainona aapect. crya*alliaing m oetahedrona with a aquare 
baae . apccific gravity 1 58 It la haidcr than gypaum, but not ao hard aa calc-apar , it 
la deeply acratched by a ateel point ; Tcry brittle; afforda water by calcination ; blackena* 
then buma at the flame of the blowpipe, and learea a white reaidnnm which becomca 
blue when it la calcined, after linvingWn moiatencd with a drop of nitrate of cobalt 
It la a mellate of alumina, and conaists of 



Klaproth 


MSitkic acid - 

46 


Alumina - - - - - - 

IG 


Water 

81 



100 



The honey-Rtonc. like amber, belongs to the geological formation of lignite. It haa 
boon hitherto found only at Artem in Thuringia ; at Luaohitz. near Bilin in Bohemia ; 
and near Walchow in Morivia 

HOP (Houbhn^ Fr. ; Hopfrn, Germ ) ia the name of a well-known plant of the 
natural fhmily of U rticea. and of the Diacta pentandrta of Linnams The female flowera. 
placed upon different planta from the male, grow in ovoid conea formed of oval leafjr 
scalea, concave, imbricated, containing each at the base an ovary fumlahed with two 
tubular open styles, and sharp pointed stigmata. The fruit of the hop is a small 
rounded seed, slightly compressed, brownish coloured, enveloped in a scaly cal>x.thin. 
but solid, which contains, spread at its baae, a granular yellow aubstnnee, appearing to 
the 0 } e like a fine dost, but in the microscope they seem to be round; yellow, transparent, 
grains . deeper coloured, the older the fruit This secretion which constitntesthe ose- 
ml portion of the hop, has been examined in succession b^ Ives^ Planche. Puyen, and 
Chevallier. A pretty full account of the results of their researches in treating of 
the hop ia given in the article Bxeb. 


JVuaifter qfAene under Mi CMvaHon qf Hope in England, 


isnr 

SfltlS 

ISIS 

88.891 

1819 

01,014 

1895 

46,718 1 

1881 

47.199 

1837 

66,893 

lAOR 

38,486 

1814 

48,871 

1890 

80,148 

1835 

80.471 1 

1889 

47.101 

1888 

56 045 

iHOil 

'IS 157 

ISIS 

4KI8) 

1831 

48,669 

1897 

40.485 

IHSJ 

49,187 

1819 

•HS 

IHIO 

38 266 

ISIS 

44.219 

1833 

43,766 

1828 

48.865 

1834 

61.978 

1840 

44S08 

IHII 

1812 

88 401 

as 700 

——..4 

1817 

ISIS 

46,498 

48,893 

1833 

1834 

41,458 

43,449 

1839 

1830 

46,135 

«7S6 

1815 

1886 

83,816 

85,482 

1841 

48,769 


Hop DuHea of parHeidar JHetrioU, 


Rochciter ... 

' antrrburj • • . 

Siiaaf.K « • • ■ 

Worceator • • • 

1 arnham • • . 

1 Hfi^X - * . • 

North Claji « • . 

SundriM - . • • 

1841. 

1648. 

1844. 

1846. 

m 

£ 9 d. 

56,619 4 7 
11,019 16 8 
43,561 10 0 
I9A38 9 11 
]l,e78 18 4 
9,060 19 11 
1.734 9 7 
903 14 1 

d Ad. 

69.407 8 9 
91,158 18 8 
97.m 9 1 
17,409 6 4 
10,090 0 4 
604 6 9 
770 7 0 
889 16 8 

d Ad 
SIAM 6 0 

itSSitA 

1 xjma * 

146,160 1 7 

166,776 6 0 

B5KBI 

impn It • 
























\tary Return relative to the Hep pro/luce for/ntr yeai 
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Piiunda weight hopM which paid duty^ which itere exported on drawbachg or fne qf 
duty, and retained Jor home consumption. 


Yaara 

Chargad with Dutj. 

Ezportag 

back or free orDutj 

Retaloed for Hooso 
Conaumptloa. 

1S42 ... - 

llM. 

35,432,149 

Ibi 

662,832 

Iba. 

84,769,310 

l‘*43 • - • • 

S7,8<a,78S 

292,709 

27,570,016 

1844 . - - - 

99,985,004 

32,974,749 

153,849 

99,181,245 

IR4'5 - - - . 

151,211 

82,828,538 

1840 - • « • 

50,704,025 

448,497 

457,061 

50,255,528 

1847 . - - - 

45,134,365 

44,677,304 

1843 • • - • 

44,343,985 

857,029 

43,986,956 

1849 - - - • 

16,650,915 

274,811 

16,376,104 

1850 .... 

48,537,669 

970,511 

48,267,158 

1851 - - - • 

97,049,996 

904,090 

26,138,906 

1852 - . . . 

51,109,494 

955,855 

50,146,689 

1853 - • • • 

31,751,693 

802,103 

585,168 

30,949,590 

1854 .... 

9,877,126 

9,991,958 

1855 - . . . 

83,291,004 

55,868,694 

859,856 

82,368,448 

1856 .... 

1,565,949 

54,803,376 

1857 .... 

47,717,561 

1,450,104 

46,967,457 

1858 . . • . 

53,125,100 

4,177,250 

48,947,850 


The preceding tables are retained, as showing the history of onr hop eultivation m 
away which cannot be oontinaed. The dnty on hops was repealed flrom Seplembw 
16, 1869, so that since that period we hare no means of obtaining, except throagh 
Indirect channels, any accurate statements as to prodnction. 

The following is the last official return pnbildied. 


Great BrttavL 
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Enjfaui a»d ira/e*. 

QuaatUlra CliarRMl. 

I860~l - - - - 11 102,777 

1861— 2 . . - • 23,953,401 

1862— 3 - - . - — — 

HORDEINE is the name gi\tiu by Proust to the peculiar itarchy matter of barley. 
It seems to bo a mialure of the starch, ligoiue, and hbsks, which constitute barU>} 
meal. 8m Bkbe. 

HORDEHM V II \ RE. lUnLicT, which sec. 

HORN (Eng and Germ. , Buu, Come, Fr.), particnlarly of oxen cows, goats, and 
sheep, IS a substauee soft, tough, semi-transparent, and siisce^ible of being cut and 
pressed into a variety of fonns; it is this projiert^ iliat distinguishes it from bone. 
Turtle or tortoise shell seems to be of a nature similnr to horn, but instead of being 
of a uniform colour, it is variegated m ith spots. See Toutoisb Shell. 

Mr. Aikin (IVuns Sue. ef Arte) remarks, ** In the EngliHh language we have only 
one word to express two quite different substances ; namely, the branded bony horns 
of the stag Mnui, and the simple laminated horns of the ox genus, and other kindred 
genera. The bony horns are called in the French from their likcneas to the 
branch of a tree ; they are annually renewed. The other horn, to which the French 
appropriate the term come, is found on the ox, the antelope, the goat, and sheep kinds.’* 

The valuable properties of horn render it susceptible of being employed in u variety 
of works fit for the turner, snuff-box, and comb maker. The means of softening 
the horn need not he desi'ribed, as it ts well known to be by heat ; but those of cutting, 
polittilng, and soldering it, so as to make plates of large dimensions, suitable to 
form u variety of articles, may be detailed. The kind of horn to be preferred is 
that of goats and sheep, from its being whiter and more transparent than the horn 
of any other animals. When horn is wanted in sheets or plates, it most be steeped 
In water, in order to separate the pith from the kernel, for about fifteen days in 
summer, and a month in winter ; and after it is soaked, it most he taken Out by one 
end, well ahaken and rubbed in order to get off the pith ; after which it must lie put 
for half an hour into boiling water, then taken out, ^ the surface sawed even 
lengthways} it most again lie put into the boiling water to soften it, so as to render it 
capable of separati^ ; then, with the help of a small iron chisel, it can be divided into 
sheets or leaves. The thick pieces will form three leaves, those which are thin will 
form only two^ whilct young born, which it only one quarter of an inch thick, will 
form only one. These plates or leaves must again be pot into boiling water, and 
when they are sufflciently soft, they most be scraped with a sharp cutting instrument* 
to render those parts that are thick even and uniform } they must be put once more 
into the boiling water, and finally earned to the press. 

At the bottom of the press employed, there must be a strong Uock, in which is 
formed a cavity, of nine inches square, and of a proportionate depm } the sheets of bom 
are to be laid within this cavity, in the following manner: at the bottom, first a sheet of 
hot iron, apon this a sheet of horn, next again a sheet of hot iron, and ao on, taking 
care to ploM at the top a plate of iron even with the last The press most then be 
screwed down tight 

There is a more expeditions process, at leut in part, fhr reducing the horn into 
sheets, when it is wanted very even. After having sawed it with a very fine and 
sha^ saw, the pieces must be put into a copper made on purpose, sod turn boiled 
until snfflclently soft, so as to be able to be split with pincersi the sheets of hem must 
then be put in the press where they are to be pltM in a strong vice, ftie dmps ol 
wfaieh are of iron and larger than the aheeu of horn, and the vice most be sciwwed aS 
qniek and tight as possiUei let them cool in the press or vice, or it is ae well to 
plunge the whole into cold water. The last mode is preferable^ hecauae tha honi 
does not shrink in cooling. Now draw out the leavaaof hotn, and intradnoa other 
hom to undergo the mme procesa. Tha horn so enlarged in pressing, is to be 
robmitted to the sotion of the law. which ought to be set in ao iron frame, if the hom 
ia wanted to be eat with advantage, in abeeU of any deeired thickncaa, whieh einnot 
be done wnhoot adoptmg this mode. The thin sheett Ows produoed must be kept 
courtly ven wurm between plates of hot im to preserve their aoftneiBi «vem 
leaf being loaded with a weight heavy cnong^ to prsvant its warning. TVi join the 
edm of tbeaa pieces of hom together, it is neesamry to psofida stmog Iron 
fuitcdtothedhapaor tlia article wanted, and to the pieees in oontaetwUb 


Yran. 
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copper-platei or with polished metal lurfheea against then , when this is done, the 
whole IS to be put into a vice and screwed up tight, then plunged into boiling water, 
4Rid after some time it is to be removed IVom thence and immersM in cold water The 
edms of the horn will be thus made to cement together and become piifeetly united 

7 o complete the polish of the horn, the surface must be rubbed with the subnitrate 
of bismuth by the pidm of the hand 1 he process is short, and has this advantage, that 
It makes the bom dry prompth 

When It is wished to spot the bora lu imitation of tortoise shell, metallic solutions 
must be employed as follows — To spot it led, a solution of gold in aqua regia must 
be employed to spot it black, a solution of silver in nitrio acid must be used , and 
for brown a hot solution of mercury in nitric acid The right side of the hom must 
be impregnated with these solutions, and they will assume the colours intended The 
brown spots can be produced on the horn by means of a p'iste made of red lead, with 
a solution of potash, which must be put in patches on the horn, and subjected some 
time to the action of heat 7 he deepness of the brown shades depends upon the 
quantity of potash used in the paste, and the length of time the mixture lies on the 
liom A decoction of Brasil wood, or a solution of indigo, in sulphuric acid, or a de* 
coction of saffron and Barbary wo^ may also be used After having employed these 
materials, the hom may be left for half a day in a strong solution of vinegar and alum 

In France, Holland, and Austria, the comb maker and hom turners nse the clip 
pings of horn— which ate of a shiiish yellow— and tortoise shell skins, out of which 
they make snuff boxes powder horns and many curious and handsome things The} 
first hoften the hom and shell in boiling water so is to be able to submit them to the 
press in iron moulds and h} means of heat they form them into one mass The degret 
of heat necessary to loin the hom clippings must be stiongei than that for shell skins 
and It can only be found out by ex^rience The heat roust not however, be too 
great, for fear of scorehing the hoin or shell Considciahle care is required in 
these opeiations, not to touch the hom with the fingers, or with any greasy body 
because the grease will prevent the pei feet joining Wooden instruments should 
be used to move them, while they are at the andfor eairjingthemtothe moulds 

In making a ring of horn for bell-pulls &c the remiired piece is to be first cut oat 
m the flat of its proper dimensions, and nearly m the snape of s horse-shoe , it is then 
pressed m a pair of dies to give its surface the desired pattern ; tet previous to the pres- 
Buri, both the piece of horn and the dies are to be heated ) *me piece of born is to be 
intioduced between the dies, squeezed m a vice, and when cold, the impression or 
p ittem will be fixed upon the horn One particular condition however, is to he ob- 
sereed in the construction of the dies, tor forming a ring They arc to be so m ide 
that the open ends of the horse-shoe piece of horn, after being pressed, shall have at 
one end a nib, and at the other a reoesi of a dovetailed foim, corresponding to each 
other, and the seeond operation in forming this ring of horn is to heat it, and place it 
in another pair of dies, which ehall bring its open ends together, and cause the dove- 
tailed joints to be lo( ked Ast into each other, which completes the ring, and leaves no 
appearance of the junction 

In forming the handlee of table knives and folks, or otbei things which require to be 
tnode of two pieces, each of the two pieces or sides of the handle is formed in a sepa- 
rate pair of dies , the one piece is made with a counter sunk groove along each side, 
and the other piece with corresponding leaves oi projecting edges When these two 
pieces are formed, by first being cut out of the flat horn, then pressed in the dies 
in a heated s tgip , for the purpose of giving the paftern, the two pieces are again 
heated and plfllogether, the leaves or edges of the one piece dropping into the 
counter sunk grooves of the other piece, and being introduced between another pair of 
heated dies, the jomts are pressed together and the two pieces formed into one handle* 

In making the knobs for drawers which have metal stems or pins to fosten them into 
the furniture, the face of the knob is to be first made in a die, as above described, and 
then the back part of the knob with a hole in it , a metal disc plate of iron is next pro- 
X ided, in whioh the metal stem or screw pin is fixed, and the stem being passed through 
the aperture in the back piece, and the tW 0 | that is, the hack and firont pieces of horn 
put together, they are then heated and pressed in dies as above deecnbed | the edge of 
the back pieoe foiling into the counter-sunk groove of the front piece, while by the 
heat they are perfectly cemented together 

Mr J Jamea has oontnved a method of opening np the horns of esttle, by which he 
avoids the risk of scorching or firiasling, which is apt to happen m heating over an 
open fire He takes a solid block of iron pierced with a conical hole, which is fitted 
With a conical iron plug, heata them A a ctoye to the tcAperature of mdting lead, and 
having previonsly out up the hom lengthwise on one side with a aaw, he inseite 
narrow end into the hole, and drives fiie ping mto iC with a mallet By the heei of 
TUc iroiw, the hom gets so softened in the coarse of ibont a minnte, aslo bsar flattiafi 
out in the usual way. 
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HORNBEAM. The CaqunuB betuluB, fometimefl colled the yoke elm. It U 
H string) and tough wood, which mws in iome parts of Europe, and which is imported 
irom America. It is used by millwrights for the cogs of wheels, also for skittles, and 
for mallets. 

HORNBLENDE. (Ampktbokt Fr. ; liornhhHdt, Germ.) The term hamhlendf^ 
restricted originally to certain dark>coloured lamellar minerals ocebring chiefly in 
syenite and greenstone, was afterwards considerably extended in its anplira^on, and 
at present includes a large number of minerals allied to the original nomblendes in 
crystalline form, and, to a certain extent, in chemical composition i but never- 
theless differing widely from the typical hornblendes, not only in colour, densitv, and 
other physical characters, but also in their mode of occurrence The neoessity for 
grouping these minerals together was first recognised by the French crystallographer 
Ilaiiy, who proposed to name the entire species amphiboU, and to retain Werner’s 
term hornUemde only for the common varieties ; a nomenclature still adhered to in 
France. 

The typical hornblendes crvt<tallixe in forms belonging to the obli<][tte system, and 
present a perfect prismatic cleavage | whilst other varieties oCelir in a columnar, 
fibrous, IsmeUor, or granular condition. The hardness is tolerkbly constant, being 
slightly below that of felspar i but the specific graviiy varies with the obemiciu 
composition. All the hornblendes are anhydrons silicates of various protoxide bases, 
usually lime, magnesia, and protoxide of iron ; these bates being capable of replacing 
one another in chemical combination, without affecting the crystalline form of the 
componnd. Many of the ferruginous varieties contain elumliia, the amount of which 
may rite to upwards of 15 per cent. : the condition In which this compound exists in 
hornblende is by no means well ascertained, bat it is usually supposed to replace the 
silica, the corapoands being thus regarded as siiico-aluminates. In many varieties^ 
finorfne occurs to the extent of 2 or 3 per cent., and exists probably os i siUeo- 
finoride of calcium and magnesium. It is InterestiDg to note that certain hofnbleate 
also etmtain titanic acid. 


On the chemical composition of the homblettde depends to a great extent the 
geneml chimeter of the mineml s thna, those varictiei which eontun only Ihue and 
mignesia have always a white or very pale colour and a low specific graviiy, some* 
times not higher than 2*9 ; while before the blowpipe they fuse to a nearly odonrless 
glnsa. On the other hand, thf fieituginous hornblendes have a dark-greeo or black 
coloar, a much higher density, often feaching 3*4 { and are ftialhte with gmtef 
focility, producing a glaas more or lem deeply eolonred. The iron homblendeai 
again, are partially deeottpoaed by hydroehlolrie acid, whieh baa aeareely any 
on the other vapetica. When aiccedingiy ridi in iron, the ntineral aAma the 
magnetic needle. 
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Those diflTorencef of oomposition, and the correipondiDg diversity of physical 
characters, have given rise to numerous varieties, of wnioh the following are the most 
important : — 

Tremolite, so named IVom the Swiss valley of Tremola, is a silicate of magnesia 
and lime, containing silieo, 58*87 : magnesia, 28*19; lime, 11*00; alumina, 1*77 — 
99*83 {Rammphbtrg). It occurs usually in slender-columnar or flat-bladed crystals 
of a white, grey, or pale green colour ; and of spec. grav. 2*93. The crystals are 
commonly embi*dded in Dolomite or granular limestone, as at St. Gotthard in 
Switxorland, and Glen Tilt in Scotland. Other localities are the Tyrol, the Bannst, 
Wemiland in Sweden, New England, Maine, Massachusetts, and other of the 
United States. Treinolite forms the amphibok blanche of French mineralogists. 
GrammatiU and Catamite are Swedish varieties, whilst Raphilite is a Can^ian 
tremolite, presenting an asliestiform structure. Many of the fibrous honiblendes 
separate on decomposition into fibres mure or less delicate^ and thus form varieties of 
Ashkhtus, which see. 

The occasional presence of protoxide of iron in certain tremolites furnishes a 
passage to the variety of hornblende called actiaofile, the actinote or amphibok verte of 
tlic French, the S&ahUtein or rag-etone of the Germans. It occurs in slender 
columnar crystals, often disposed in radiated groups, and presenting a high lustre, 
and leek-green or black-green colour. Its spec. grav. is about 3. A typical actino- 
litefrom the Zillerthnl yielded to Rammelsberg’s analysis — silica, 55*50; magnesia, 
22 56; lime, 13 46; protoxide of iron, 6*25 07*77. Actiiiolite is found chiefly in 
talcosc schist, serpentine, and other magnesian rocks: in Cornwall it occurs at 
the Lizard, and at Butallack and other Western mines. Among foreign localities 
may be mentioned— Greiner in the Zillerthal, St Gotthard, Salzburg, Sweden, 
Norway, Ac. 

Anthophifllite is a grey or clove-brown fibrous or lamellar hornblende, occurring in 
Norway, Greenland, and the United States. Its composition is silica, 56*74 ; mag- 
nesia, 24*35 ; protoxide of iron, 14*40; protoxide of manganese, 2*38 ; water, 1*67 — 
99*54 ( VopeKua), 

Hornbknde proper ^ the amphibok noire of the French, includes the dark-coloured 
iron varieties to which the name was originally sfpplied. Common hornblende occurs 
in dark-green or black crystals, usually imperfectly formed, and readily distinguished 
by the silky lustre of its cleavage planes. It forms an essential constituent of 
syenite, greenstone, and hornblende rock ; and occurs as an accessory mineral in 
many trachytes. The InteaUic hotnhlende of Werner includes the black crystallized 
specimens, usually associated with lavas and other volcanic rooks. Noble hornblende^ 
or pargaeite, is a dark-green, somewhat translucent, mineral, occurring in thick stout 
crystals ; or in granular masses, embedded in calcareous spar, at Ersby, near Pargas, 
In Finland. The following is Rammelsberg’s analysis of a Pargas hornblende : 
silica, 41*26; magnesia, 13*49; lime, 11*95; protoxide of iron, 9*92; peroxide of 
iron, 4*63; aluniinU) 11*92; potash, 2*70; soda, 1*44; water, 0*53-9973. 

In the lioriibleude called ar/redeonite, soda occurs in considerable quantity, as shown 
by the following analysis: silica, 51*22; soda, 10*58; protoxide of iron, 7‘80; 
peroxide of iron, 23*75; lime, 2*08; magnesia, 0*90; potash, 0*68—98*13 {Rammek^ 
Oetg), Arfredsonite is an exceedingly fusible black mineral found in Greenland ; 
and often separated as a distinct species. 

The mineral called uralite, discovered by G. Rose in the greenstones of the Ural 
range, is oommo^g^garded as a pseudomorph, since' it presents the external form of 
aiigiie with the JlPage and chemical composition of hornblende ; thus establishing 
a relation bL'tween the two minerals. This relation is indeed so Intimate that it has 
been proposed to unite them in one species. Ilomblende differs, however, firom 
upgite in the angle of the prism obtained by cleavage being much more obtuse t Vht 
it &8 been shown that the two forme are easily derivable the one from the other. 
Bomblende, again, is more fusible thao augite ; it has a somewhat lower range in 
speoific gravity ; it often contains fluorine, an element which has never been fauna 
in augite. - Ilorublende, moreover, occurs in granitic and other bigbly siUcsted 
rocks ; whilst augite is confined to the more banc rocka such as basalt i oecssion- 
ally, however, the two minerals occur together. Experiments on the artifloial 
formation of these minerals have rendered it probable that the same chmical com* 
pound may form augite when rapidly cooled from a state of fuaion, and hornblende 
when slowly cooled; indeed, hornblende has been odtaverted into augite by frisioa 
and rapid solidification. 

The horublendic minerals, although highly imj^rtant in a geological point of 
view, have little no economic value. Certain Swedish honmlmsM bnvo baeo 
employed in smelting magnetic oree; and the fibrous miettes kiioirn ae ariieftwi 
nave reoeivGd various applications fhlly noticed under AaBBenxe, eee. 
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HORNBLENDE ROCK. {Amphibctiii, Fr.; B§riktkndfdi, Om). A rock 
consisting chiefly of cryiUlline-graanlar, dark>grecn or black hflrablcDdc, asaoeiated 
oouimonly, but by no means necescarity, with fslspar, qaarti, and mica In small 
quantity. The rock often assumes a schistose strurtufe, and Ihtts paaiea into 
Hornblende elate {Schiele ampkihelUihiqne^ Fr. , BornhlendeaM^t Oerm.). Thla ilate 
nsuall} ocenrs in connection with mica-schist, gneim, and <mr metamorphio Mcks. 
When the hornblende belongs to the bright-greitt variety called aecMIte, the rock 
becomes an aetinoltte ethieU or Sitahleleinschiefir of the Germans Bacnblende also 
ocenns, although to a less extent, in ntiier rooks t such as i^fenite^ granite in which 
hornblende replaces mica -and grernetone and dibeite *>rocks consisting of hornblende 
and felspar, llie tmasite of ll angary and TranayWania is a trashy tie graenstone 
rontaioing the pecnliar hornblende called gamiegraaite. 

On exposure to atmospheric influences, homblendic rocks easily di'eompose ; the 
protoxide of iron passing into the condition of peroxide. Soils resting on such rooks 
arc frequently remarkable for their fertility. 

KoliN LF*AI>. Orasinc. Native chlorocarbonate of T^ead. See Lead. 

HORN SILVER, or Lhna Oorxea. Fused chloride of silver. Both these names 
were given by the alcbemiats to this preparation. It is found native. See Sii^veb, 
Okls or. 

1 lORNSTON E. A variety of quarts, resembling flint, but more brittle, and break- 
ing with a more splinter} fracture. It sometimes oeoura imbedded in UmeHone. 
See Chert. • 

HORN QUICKSILVER. Native snbchloride of Mercury. See Mercurt. 

HORSE CHESTNUT. (dfarronRier cf/nde, Fr. ; Gemeine Roeekaetaniet Gcrm.> 
The wood of this well known tree is used by the Tunbridge turner. Otherwise it is 
only employed for some large varnished works. 

HORSE-FLESH ORE. A Cornish name for a peculiar variety of purple copper. 

HORSE POWER, in steam engines, is estimated by Mr. Watt at 32,000 pounds 
avoirdupois lifted one foot high per minute, for one horse. M. D'Aubuisson, ffom an 
examination of the work done by horses in the whims, or gigs (macAtnss d molottee)for 
raising ore from the mines at Freiberg, the horses being of average sise and strength, 
has concluded that the nseftil effect of a horse yoked dunng eightnours, by two relays 
of four hours each, in a manege or mill course, may be estimated at 40 kilogrammes 
raised 1 mdter per second % which is nearly 16,440 pounds raised one foot per minute ; 
being very nearly one half of Mr. Watt's liberal estimates for the horse ^wer of his 
steam engines. 

Frederick William Simms, M. Inst C. E., adopted some peenliar ooRditions of 
work on which he was engag|^ to determine the value of horee power. He bad to 
make a tunnel for the South Astern Railway. This tunnel was driven in the middle 
bed of the lower green-sand, between which and tba sorfkee of the ground is interposed 
only the upper bed of the same stratum ( but in sinking the eleven shafts for the work, 
it was found that at the level of the top of the tunnel, the ground assumed the character 
of a quicksand, saturated with water, m such quantity that it could not be reduced by 
manual labour. Under these circumstances horse gins were erected for drawing 
the water by barrels, containing one hundred galGms each, weighing when ftiU 
al>out 1310 tbs. 

The engineer’s intention was, to drive simultaneously from these shafts, in the direc- 
tion of the tunnel, an adit or heading to carry off the water ; but the earth, which was 
sand mixed with fine particles of tune clay, was so filled with water as to become a 
mass of aemiflttid mud *, great exertions were therefore necessary to overcome the water, 
without erecting pumps* At first this wu accomplished by making each horee work 
for 12 hours and then for 8 hours per day, allowing one hour fhr ftmd and reet i as 
the water increaaed it became necessary to work night and day, and the time of each 
horse's working was reduced generally to 6 hoars, jm sometimes to 8 hours. As all 
the horsee were hired at the rate of seven ahillio^ per day, the engineer, who bad 
the direetion of the works, ordered a daily register to be kept of the actual work done 
by each horse, ibrtke double purpooe of aaoertaining whether they all performed their 
duty, and also hoping to collect a body of feels relative to horse power whkfe might 
be nseftil hereafter. 

Mr. Simms gives u a propoaition, ** that the proper estimate of horse power would 
he that whidi measures the weight that a horse would draw npoutof a well i tha Stoimal 
acting by a horisontal line of traetioB turned into the vertical dlrsetioo by a simple 
pulley, whose frictioik should be rsdnecd as much m posiihle.** U$ itatea that toe 
manner m which the work was perfbrmed^ neoessarily appreaehed very nearly to thme 
conditions > and after giving the yrtncipal dimensiooi of the honto ms, ha emeses 

cMb irt of en^a^ ^ aem of tiMiw, m 

could be urged, he arrives at the feUowiug resuhii^ 
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The power of a hone for 6 houn « 23*412 lbs. raised 1 foot high in one minute. 


do. 

do. 

6 

- 24,360 

do. 

do. 

do. 

44 

« 27.056 

do. 

do. 

do. 

3 

•» 32,943 

do. 


dfdhose results, he thinks the experiments for 6 houn and for 3 hours alone should 
bo adopted as practical ^ides, all the othen beins: in some degree objectionable. 

As a means of companson, the following table of estimates of horse power is given 


1 

Kamo. 

Toiindi ralipd 
1 tout high 

In a minute. 

llourtofnork 

Authorltj. 

Boulton and Watt - 
Tredgold - - - 

Dfsaguliers ... 
Ditto - - - - 

Siitissuro - - - 

More, for Society of Arts 
Snic'aton .... 

32.000 
27,.500 

44.000 
27,500 
34,020 
21,120 

22.000 

8 

8 

8 

Not Bteted 

8 

Net stated 
Not stated 

Itobinson's Mech. Phil., ii. 145. 
'I'rcdgold on Railroads, p. 69. 

^Dr. Gregory's Matlieniatics 
for Practical Men, p. 183. 


These are much higher results than the average of his experiments, and would 
more nearly accord with the extremes obtained by him; but under such excessive 
fatigue, the horses were speedily exhausted, and died rapidly. Nearly one hundred 
hones were employed ; they were of good quality ; their average height was 16 hands 
^ inch, and their weight about 10^ cwts., and they cost from 20/. to 40/. each. They 
had as much com as they could eat, and were well attended to. 

The total quantity of work done by the horses, and its cost, was os under : — 

tons. 

Registered quantity of water drawn 104 feet, the average height,! .no mon 

28,220,800 gallons J 

Do. earth, 3,500 yds. 1 ton 6 ewt per yard ... 4,650 

Total weight drawn to the surface • - 133,055 

Total cost of horse labour, including a hoy to drive each horse, 1,585/. 15s. Sc/., or 
2 86d. per ton the average height of 104 ft. 

Mr. Palmer made some experiments on the amount of work performed by horses 
tracking boats on canals. On the upper end of the mast of the boat a pulley was hung ; 
over this the towing rope was passed, with the means of suspending to its extremity 
given weights, so as exactly to balance the power exerted by the horse. 

The results arrived at by these means were so various, that he could not deduce 
any average conclusions, as the power exerted varied between 30 lbs. and 120 lbs., 
the power diminishing as the speed was increased. He thought that 24 miles was too 
higli an average estimate, and that it should not exceed 2 miles per nour, although 
ill all estimates of horse ^wer, the speed was considered to la at an average of 2J 
miles per hour, and all experiments were reduced to that stan^rd. 

Mr. Hawkins, some years since, had made numerous inquiries respecting the work 
done by horses in drawing upon common turnpike roads, and found that four good 
horses could d|||w an ordinary stage-coach with 'h4 complement of passengers, 
at the rate of|PI miles an hoar ; that if they ran stages 10 miles in the hour, 
the horses must rest one day in each week ; that good horses, so worked, would last 
only five years, each horse drawing about half a ton. He had been informed by 
yFaggoners, that good horses would walk at the rate of 2 J miles per hour, for twelve 
hours out of twenty-four, making 30 miles a day ; and that they would continue to do 
such work day by day, each horse drawing one ton, for many years, provided they 
had not been worked hard when young. 

It IB desirable to know the average apeed at which the different ratei of work had 
been performed ; thia waa eaaential in order to found any calculation upon the results 
given. Coach proprietora calculated that at a apeed of 10 miles per hour, a horae was 
required for every mile going and returning, ao that one horse was kept for every 
mile of road. Now suppoeing a four-horae coach, with an aversM load, to weif[h 2 
tons, the load for each horse was 10 owta. i whereas in the case of a horse drawing e 
cart, the gross load IVeoaentlf amounted to 2 torn, Int the apeed wee redooed t o ^ 
miles per hour, at which pace he conceived that Id miles per w might be cooeidered 
a fair day's work} this therefore was double the diateiioe wUh four tnnes the UmAp ^ 
the coach work, but with a heavier horae. 

The law that the quantity of work done was ad the e^oare root of the vcloeltp»r“Or 
as the cube root of the velocity, in equal times, — if confined to woA Upon or 
bodies moving through the water. 
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Mr. Rennie liid tried some experiments on the Ibree tmedott of the boots on tho 
Grand J unct ion Canal The towing rope was attached to a dymnnwHdSr, wbiob had 
previouslj been attested hf weights. 

The horse, although urged at first itartingi gti afUfrwards iMloWsA In lUt Into hia 
natural B{H!ed, which was 2) miles per hour on the average ef fO mitesir The maxi* 
mum speed was 4 miles, and (he minimum t miles, per bm. Tbs dgnamstaeter 
indicated an average of 108 lbs., which was eapnUe of orercbming tlm mistahoe of 
the loaded barge of SA tons, being in the ratio of 16*00. *11ie weight nf the hoess was 
about 1 1 cwts. 

He alio tried many ex[>(*riments noon a fast boat, lent tn him in 1888 by the late 
Colonel Page. These experinieuta a ere prineifMdly made m order to ascertain the 
comparative resistdiice of vessels moving through Water at difliirent velocities, and 
tho Grand Junction < ^anal afforded a convenient opportunity of undertaking them. 

'I'he boat was 70 fi tt iii length, 4 feet in breadth, and drew 9 inches of water. 

T}m> traction iudicati*d by thi* dynamometer the fbHowing resiitaiice : — 


MM Hperhnui 

At 2^ the n 
.8 

4 

41 

5 


Miles per Hour 


n 

27 

7 

tf 

250 

»i 

30 

8 

II 

336 

to 

50 

9 69 

If 

411 

ft 

GO 

10 

If 

.87.5 

tf 

70 to 75 

n* 

i. 

802 

employed 

in these expo 






Average 

336 



Two horses 

were emplo}‘cd in 


riments 


ItlUUUlB. 

Stakes were fixed near tho margin of the canal, so as to ascertain the rise and fkll 
of the wave caused by the boat in passing) and it was observed that when a boat 
TL,, • 6 “»dcs per hour, the rise of the wave was 6 inches, 

and the fall 6 inches, making a wave of 10 inches in depth ) and when the velocity 
was I If miles, the rise was reduced to 2| inches, and the fall to 2| inches 

Great difference existed in the power of horses, their weights and structnre: and 
tho large dray horses used by Messrs. Barclay, Perkins, and Co, did a full average 
duty as asiumed by Boulton and Watt j but considering the average power of strong 
nud weak animals, he hod adopted 22,000 lbs. raised 1 foot high as the standard i 
much, however, depended on the nature of the work performed. 

Mr. DavidiWD has given the following statement of the work performed by a Lon- 
don brewer s horse per day ; the cost of feed and of wear and tear per horse per annum 
jHMng denyed from actual experience among a large number of horses at Messrs. 
1 ruiuan, Han bury, and (Jo,'8. brewery. The feed, &e., is snpposed to have cost the 
siiiiic per quarter per truss, &c , each year. 



Pounds Wright 

(irriwii 6| Miles 
per Horse per 
Ha,. 

Ptiunds Wrifht 

drawn ^ MiTra 
prr Horse return, 
ing per Dajr. 

Average Pounds 

Welahl drawn 
18 Miles per 
Horse per Day 

” ’S,842 ihs. 
3,889 

8,377 

3,513 

3,803 

3,530 

3,501 

Cost or Feed 
and Straw per 
Hornepsr 
Aniiun. 

Diffi renre per 
Horse of Horsei 

bought and sold 

per Aiiiium. 



1,716 lbs 
1,767 

1,698 
* 1,740 
1,820 
1,750 
1,740 

£43 2 7 

43 16 6 

41 18 0 

42 9 11 

46 11 7 

46 0 1 

47 0 9 

£10 0 8 

9 18 0 

9 16 9 

9 7 1 

7 17 11 

10 16 11 

10 8 0 

36,924 

12,171 

24,455 

809 19 6 

68 6 11 

5,87S 

1,738 

3,506 

44 5 7 

• U 10 


wuuvw ft caw wnico oGcnrrea m a work near Pi) mouth, whiih 
«»» «!■• of the woik wtotlir pnfmMd deil, b, . how, 

AqaMTr‘wagMp,w«i^iiigs|toiM,ewTyiBcn nonce hwdofitoii.af uo«.. 
♦« dmwn by one hone along • reiloay (60 ibat in length, 1(0 of h brine leaiLMA 
the naming 700 ftet hering m Inribwlion of I In tw! Oaring 40 wwhhtf dnn 
Ac number ^inpe tm 1,001, or aa neenge of S7'l tripe each dw; tlieter&^ 
forming ^h tnp trie 4 minntte, or at n epned of s"s mita pi hoar! id’S^ 
total weight drawn, iactadmg that Of the waggone, wh 13,0S9,60o'^ * *** ** 
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Repeated experiments proved, that upon the incline of 1 in 1.38 the wapgrns in 
their ordinary working state would Just remain stationary ; the friction was therefore 
assumed to be 16*2 lbs. |H!r ton ; by calculation it was found that the horse raised 
.39, .320 lbs. 1 foot high per minute during the 8 aoiking hours each da} : the useful 
ctTect, or net amount of stone carried, being 21,738 lbs. raised 1 foot high per minute. 
This difference lietwcen the work done and the useful effect arose from the necessary 
striMigth and weight of the waggons. 

The ttniiiial employed was a common Devonshire cart-horse, 8 years old, 15 hands 
high, and weighed 10) c^ts ; he continued doing the same woik throughout a vhotc 
siiminer, reniiiiiiing in good condition; but a lighter horse was found unequal to it 

PioiesBor Uankine puts this in a somewhat different form. **The power of a 
machine is the energy exerted, and the effect the useful work performed in some 
interval of time of definite length, sneh as a second, a minute, an hour, or a day.” 
'I'hcre is a peculiar unit of power appropriated to its expression, called a Horse 
PuwLR, which is in Britain — 

650 foot-pounds per second, 
or 33,000 foot-pounds per minute, 
or 1,980,000 foot-pounds per hour. 

In France the terms Force de Cueval or Coeval-Vapeur is applied to the 
1 lluwing rate of work i-— 

Foot-pniindf. 

73 kilogrammMres per second » 542 ^ 

or 4,500 kilogramiiii^tres per minute ■■ 32,549 

or 270,000 kilogramm^tres per hour » 1,952,948, 

being about one-seventieth part less than the British horse power. 

This is also called an actual or reed hone power, to diotinguish it ft'om a nominal 
horse power. 

Nominal Hoese Power is a conventional mode of describing the dimensions of a 
steam engine, for the convenience of makers and purchasers of engines, and bears no 
fixed relation to indicated or to effective horse power. The mode of computing 
nominal horse power, established amount Civil manufacturers of steam engines by the 
practice of Boultou and Watt, is as follows : — 

Assume the velocity of the piston to he 126 feet per minute x cube root of length 
of stroke in feet Assume the mean effective pressure to be seven pounds on the 
square inch. 

Then compute the horse power from those fictitious data, and the area of the 
piston ; that is to say, 

Nominal H. P. - 7 x 126 x stroke in feet 
X area of piston in square Inches -i- 83,000 
.y strokTin feet x ares piston in inches 
47 nearly 

» ^ stroke in fret x diam.* in inches 

60 . . . ( ) 


The indicated^ower of different enmnes usually' exceeds the nominal power as 
computed by td^bove rule in proporuons ranging from 1} to 6. 

In the rale established by the Admiralty for enmputing nominal horse power, the 
real velocity of the pieUm is taken Into account } but the Jictitioue effective power of 
seven pounds on the square ioeh is assumed consequently by the Admiralty roles. 

Nominal 11. P.« velocity of piston io feet per minute 
X area of piston in inches x 7-9-83,000 


velocity in feet per min. x diam.* in inches 
6 ,^ 


(») 


The indicated power of marine engines ranges A*om once to Ares times, and is on 
an average about twice the nominal power as computed by the Admiralty rule. 

Roth the Civil mie and the Admiralty rule for oomputing the power of engines an 
applicable to low pressnre en^nes alone. For liign pressure engines there is a 
customary rale proposed by Mr. Bonme, which corasts in assuming the effective 
pressniw to be 21 pounds per square inch, the other data being the eamn as in the 
rule for low pressure engines. See i^nAiac’s Manml of the Steam Engine and otfisr 
iVims Jlfocers. 

HOBSESUOBSi The obiinary method of making these is well known. Then 
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hM, however, been lately introdooed with smeh enooeu a machliie Ibr nuUiMr horae- 
■hoes. One of these machines has been erected at ChiUia|ton Ireowovhaf Wolver- 
hampton, by the inventor, fifr. Henry Burden, of Maw York, As early aa 
1835 he tow out a patent for a maohine for making h ora a rii o ea, whkih he improved 
upon in 1843, and this was turned to practical account by the prodnotioii of a eon* 
siderable number of horseshoes. The pre.' ent maohine, however, whieli Was painted 
in 1857, is entirely different from the former onea, and is a very remailable piece of 
mechanism. In the previous machines the piece of iron bar of which the shoe was to 
be made was rolh^d into shape before being bent, and the jawssura of the rollers bsing 
in the direction of its lenmh, the bur, when it was urestM, was namratiy rather ei- 
tended in length than widUi, and the widening which is required at the crown of the 
shoe was not properly affected. By the present plan the bar, after being heated, 
enters the machine by a feeding apparatus, a piece of the required length » cut off, 
and, by a stroke from a piece of steel, shaped like the inside of a horseshoe, is bent, 
and fklls upon a die on a wheel beneath, corresponding to one on a cylinder above, 
and tiius acquires by pn^ssurc the deair^ shape, two lateral strikers at the same 
moment hitting the eatremitius, or heels, of the shoe, and driving them inwards into 
the required shape. Thence it passes between another pair of dies, where it is stamped, 
and b) an ingenious arrangement is flattened from the curled shape which the wheel 
gives it as it frUs at the month of the machine. The 8hoe*i tlms mode are rsmarkahle 
for their euactness in shape and in the position of the holes — a most importaut puiiit 
with regard to the safety of horses* feet ; and they can be produced, when the machinu 
18 in proper order, at uie rate of 00 per minute, which is more than two med can 
forge in a day, and the superiority over shoes forged by hand is very itriking. As 
the bar is bent before being pressed in the die, the pressure at the crown is in the 
direction of the width, and hence the widening is readily effected. 

HOSIISllY. (Bonneienet Ft. ; Strump/weberei, Qerm.) The atocAiagyiwsie, which 
is the great implement of this business, though it appears at first sight to be a compli- 
cated machine, consists merely of a repetition of parts easily understood, with a mode- 
rate degree of attention, provided an accurate conception is first formed of the nature 
of the hosiery fabric Tiiis texture is totally different from the rectangular decussation 
which constitutes cloth, as the slightest inspection of a stocking will show *, for this, 
instead of having two distinct systems of thread, like the warp and the weft, which are 
woven together by crossing each other at right angles, the whole piece ia composed 
of a single thread united or looped together in a peculiar manner, which is called 
stuekin^-stitcb, and sometimes chain-work. 

'Phis is best explained by the view in jPtg, 963. A single thread is formed into 

a number of loops or waves, by arranging it 
over a number of parallel needlea, aa shown at 
m I these are retained or kept in the form of 
loops or waves, by being drawn or looped 
throngh similar loops or waves fimned by the 
thread of the preceding course of the work, s. 
The fiibrio thus formed by the union of a num* 
her of lom is easily unravelled, because the 
stability of the whole piece depends upon the 
ultimate fkstening of the first end of the thread ; 
and if this is nndone, the loops formed by that 
end will open» and release the snbseqnent loops 
one at a time, until the whole is onravelled, and drawn out into the single thread from 
which it was made. In the same manner, if a thread in a stocking piece foils, or 
breaks at any part, or drops a stitch, as it is called, it immcdiatelv proauoea a bole, 
and the extension of the rest can only be prevented by fostening tM end* It ahould 
be observed that there are many different fohrios of stocking atiteh for varioua kinds 
of ornamental hosiery, and u each reouiroa a different kind of frame or maohine to pro- 
duce it, we ahoold gi^y exceed our limits to enter into a detailed deseription.of them 
all. That apeeies which we have represented in dp 963istheoomimMistoeUng-stitch 
used for plain hoaiery, and h formed by the maohine oalled the common stooking-f^me, 
whieh is the groundwork of all the othen. The operation, as we see, oonsists te draw* 
ing the loop of a thread sueoessively throngh a series of other loopa^ so long as the 
work is continued, as is very plainly shown for one stitch in>|^. 964* 
lliere is a great variety of different frames In use fbr produdag vufhms ornamental 
kinds of hosiery. The first, whieh forms the Ibandation of the wiidfo is that for knit* 
ting plain hosiery, or the eommoii stoeking-frame. 

Of this valuable maohine, the Inventionof Mr.Leeof iSambridge, aside elsvifiiimis 
given ianjlg. 969, with the essentia] parts. The framiiig is sapported If fiwr upright 
post!, genewyofoi^ ash, or ocher hard wood. Two <ff Umse poeU appear at AiUMid 
theeonaeetingorots rails areatcc. At B Isa smtU additional piece ^ft^iig, which 
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Bupports the hoeier'e teat The iroo-work of the maohiiie ia bolted or screwed to the 
upper rails of the framework, and oonsisU of two parts. The first rests upon a sole of 
pulibhed iron, which appears at d, and to which a great part of the machinery is 
attached. The upper part, which is generally called the carriage, runs upon the iron 
sole at D, and is supported by four small wheels or trucks, as they are called by the 
workmen. At the upper part of the back standard of iron are joints, one of which 
appears at q; and to these is fitted a flrame, one side of which is seen extending to r. 
By means of these joints the end at h may be depressed by the hosier’s band, and it 
returns, when relieved, by the operation of a strong spring of tempered steel, acting 
between a cross bar in the iVame, and another below. The action of this spring is 
very apparent mjig, 966. In the fhmtof the ftwme, immediately opposite to where 
the hosier sits, are placed the needles which forms the loops. These needles, or rather 
hooks, are more or less numerous, according to the coarseness or fineness of the 
stocking; and this, although unavoidable, proves a very considerable abatement of 
thevalueofastockiog-foame. In almost every other machine (for example, those em- 
ployed in spinning or weaving), it is easy to adapt any one either to work coarser 
or finer work, as it may be wanted. But in the manufacture of hosiery, a firamo 
once finished, is limited for ever in its operation to the same quality of work, with 
this exception, that by changing the stuff, the work may be made a little more dense 
or flimsy ; bat no alteration in the size or quantity of loops can take place. Hence 
Inhere Uie manufacture is extensively prosecuted, many frames may be thrown idle 
by every vicissitude of demand ; and where a poor medianic does purchase his own 
frame be is for ever limited to the same kind of work. The gunge, as it is called, 
of a stocking-frame is regulated by the number of loops contained in three inches of 



breadth, and varies very much ; the coarsest frames in common use being about what 
are termed Fourteens, and the finest employed in great extent aboat Fortisf. The 
needles are of iron wire, the mannAmture of which is very simple | but longpraetiM 
in the art is found necessary before a needic-maker acquires the dexterity wmich will 
enable him both to execute his work welh and in suffioicut qoantitf to render 
his labour prodnetive. 

The process of making the needles is as foUowsi^Oood sound iron wi«a» of a proper 
flneness, is to be selected ; that which is liable to split or splinter, either in fiUngi 
punching, or bending, being toCallv unfit for foe porpON. The wire is fibrst to be CiB 
mto proper lengths, according to foe fineness of foe frame for whioh foe needles W 
uesi^med, coarse needles being oonsiderahly longer than fine onen Whed a sofibstsiB 
number (aenerally some thousands) have been out, foe Wire must be sofreaed as mw 
as iMMsible. This is done by laying them in rows in a flat irw box, about tm tw* 
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deep, with teloMeorer; the bMbein|tIQ«d with ehtmealbetwwa the Ante edwiNC. 
This box, being placed upon » modeimte llte, it gfednally beeM wmU hath tte wiiee eed 

charcoal hare received a moderate red heat, because, were the heat inoreeied to what 
ami tbs term the white heat, the wire would be reudered totally uuHt^ the suhMKloent 
processes which it has to undei^ both in finishing and working. When the hon hsi 
been sufficiently heated, it may be taken frtm the fire, and plaM amug hoi as^ 
until both ashes and bos hare gradually cooled t for the slower the wiiet eool, the 
softer and easier wn>aght they will be. When perfectly r*otd, the next procese is to 
punch a longitudinal groove in thn stem of erenr net die, wiitcb receirei the point Of 
barb, when depressed. 'J'his is done by means of a small engmo worked by the power 
of a screw and lever. The construction of these engines is various t hot a prodle 
elevation of one of the most simple and commonly 
used will be found in fy, 96G. It consists of two 
very strong pieces of inalleablo iron, represented 
at A and r, and these two pieces arc connected hy £ 
n ^*rt>ng well fithd joint at n. The lower piece, 
or hole of the engine at c, is screwed down by bolts 
(o <i strong boara or table, and the upper piece A 
V ill then rise or aink at pleasure, upon the joint u. 

In onler that A may be very steady in rising and 
sinking, which is indispensable to its correct oper- 
ation, a strong bridle ol iron, which is shown in 
St ction at E, is added to coufino it, and direct its 
motion. In the upper part ot this bridle is a female screw, through which the forcing 
screw passes, which is turned by the handle or lever d. To the sole of the engine o 
is lived a bolster of tempered steel, with a small groove to receive the wire which is to be 
punched ; and in the upper or moving part a, is a sharp chisel, which descends exactly 
into the groove, when a is depressed by the screw. I'hesc are represented at v, and 
above B. At a is a strong Bjiring, which forces up the chisel when the pressure of 
the screw is removed. The appearance of the groove, when the punching is finished, 
will he rendered familiar hy inspecting 972, p. 471. When the punching is 
finished, the wires sr<* to be brought to a fine smooth point by filing and burnishing, 
the latter of which should be very completely done, as, besides pcd&hing the wire, it 
tends greatly to restore that spring and elasticity which has been removed by the pre- 
vious operation of softening. The wire is next to be bent, in order to form the book 
or barb ; and this is done with a small piece of tin plate bent double, which receives 
the point of the wire, and by its breadth regulates the length of the barb. The stem 
of the needle is now flattened with a small hammer, to prevent it ftnom taming in the 
tin socket in which it is afterwards to be cast } and the point of the barb being a little 
curved by a pair of small plvers, the needle is completed. 

In order to fit the needles for the frame, they are now east into the tin sockets or lesds 
as they are called by the workman; and this is done by plaemg Ae needles in an iron 
mould, which opens and shuts by means of a joint, and pouring in the tin while in a 
state of fusion. In common operatiuus, two needles sre cast into the same socket The 
form of the needle, when complete and fitted to its place in the ftwme, will be seen in 

967, which is a profile section 
or the needle-bar exhibiting one 
needle. In this flgnre a section of 
the pressure is represented at r ; 
the needle appears at o, and the 
looket or level at x. At b, is a 
seotion of the needle-bar, on the 
fore part of which is aomall pkite 
of iron called a verge, to regulate the position of the needles* When placed iwon 
the bar resting against the verge, aaotber plate of iron, generally Hoed with loftkither, 
is screwed down open the eoekets or lea^ in order to keep them all fkm. This ploU 
and the serew appear at i- When tke pres a e r at v ia foroed down upon the hark, this 
ainks into the groove of the stem, and the needle is shuts when the presser lisca^ i3w 
barb opens sgein by its own rlasCioity, 

The needles or hooks being aU properly fitted,thenext portof thestoekinf-ftmne to 
which attention ought to be paid,B the mschin^ for forming the loofs ; and this eon* 
lists of two parts. The first of these, which sinks betwesti evtiy oeoood or alinfMta 
needle, is represented at o, 966, and Is one of the miMl important parts of tht whole 
moehtne. If miittt trf twir mirving parts i the flrit bring ■ snoocision of horlnooUl 
levers moviiig npon aeommon oentrs,andealled Jeeks, a tern applied to vlbmtiiig levers 
in varioos kinds of mechinery es well •• theetooking4ameb One only ofthesek^ 
can be represented in theprofile/h^ 9691 but the whole ore distinetlyibowtt in t teU 
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lonUl poiitioo \njig 9G8 ; and a profile upon a very enlarged scale is gi\'cn in Jig. 969 
The Jack shown in fig. 965, extends honaoutali} from o to i, and the centre ot motion 



IS at R. On the front, or right hand of the jack at o, is a joint snapending a very 
thin plate of polisht d iron, which is termed a sinker. One of these jacks and binkers m 
allotted for every second or aUernate needlo. The foim of the sinker will appear at s, 
Jiti, 969 ; and in order that all ina> be cKactly uuitorin in shape, they are cut out and 
finished between two stout pieces of iron, which sene as moulds or gauges to direct*thc 
franie*sniith. The other end of the jack at i, is tapered to a point ; and when the jacks 
are in their horizontal position, they are secured h\ siniili it on springs, one of which is 
represented at hjig. 965, each spring having a small obtuse-angled notch to receive the 
point of the lack, against which it presses by its ow ii elasticity In Jig. 969, the centre 

is at A, the pointed tail is omitted for want of loom, the joint is nt o, and the thioat 
of the sinker, which forms the loop, is at s. The standards at a, upon which the jack 
iiiovei, are called combs, and consist of pieces of flat smooth brass, parallel to, and 
equidistant from each other The cross bar a, which contains the whole, is of iron, 
with a perpendicular edge or rim on each side, leaving a vacancy between them, or a 
space to receive the bottom part or tails of the combs. The combs are then placed in 
the bar, with a fiat piece of brass called a countercomb, between each, to asceitain 
and preserve their distances from each other. These countercombs are exactly i>f 
the same shape as the combs, but have no fails. When both combs and countercoin I s 
arc pkiced in the bar, it is luted with clay so as to form a mould, into which is 
poured a sufficient quantity of melted tin. When the tin has had time to cool, the 
countercombs having no tails are easily taken out, and the oombs remain well f.iBtened 
and secured by^^ tin, which has been fused entirely round them. Thus they form a 
succession of sfMuirdB for the jacks \ and a hole being drilled through each jack and 
each comb, one polished wire put through serves as a coiumoD centre for the whole. 

The Jack sinkers being only used for every alternate or second needle, in order to 
complete this part of the apparatus*, a second set of sinkers is employed. These are, in 
form and shape, every way the same as the jock sinkers, but they ore jointed at the top 
into pitccs of tin, all of which are screwed to the sinker bar, u,^. 065 ; and thus a 
sinker of each kind descends between the needles alternately. Hy these sinkers the 
loops are formed upon all the needles, and the reason of two sets different in operation 
being employed, will be assigned in describing the mode of working the frame. The 
presser of the operation, of which something has already been said, appears at r i and 
of the two arms which support and ^ive motion to it, one appears very plaioly at a* its 
centre of motion being at o. The cirealar bend given to these arms, besides having so 
ornamental effect, is very useful, In order to prevent any part from interMng with 
^her parU which are behind, by elevating them entirely above them. The eatPemioes 
viv termination of the nen^ behind* are oonneeted by a emsi bar, 

which hu also a cirealar bend in the middle, prejeeting ^wnwards ftw a wei^ 
■milar to Aat already assigned. This bend is conoaalea in fig. M5, but vWble 
the front elevation, 071, From the middle of the head, the eoahected 
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vith the middle treadle by a dependiug wire appearing at v. A* 965iaad Ihaii by the 
prewure of that treadle, the presier ii forced down to cloae the barba oC the BMle* 
The re-aecent pf the presier is sonietimea effected by lueana of a eeniiterpoiiiDg 
Height passing over a pulley behind, and sometimes by the reaetSon of a wooden 
spring, fui med of a strong hoop like that represented at k The latter of theie Is 



preferred, especially by the NottiDfrham bosiers, because, as they assert, it makes the 
presser spring up with greater rapidity, and con8(M|uently sayea time in working. 
How far this may be practically the case, it would be superfluous here to inyestlgatet 
but it is obvious that the wooden spring, if very stiff, must add much to the hosier's 
exertion of his foot, already exercised against the united spring of all his barbs ; and 
this incoDvenieoee ia much complained of by those who nave been aocuatnm^ to 
work with the connterpoise. 

At L are two pulleys or wheels, of different diameters, moving upon a common 
centre, by which the jack sinkers are relieved firom the back spring and thrown 
downwam to form the loops upon the needles. About the larger wheel is a band 
of whipeord, passing twice round, the extremitiee of which nre attached to whit is 
called the alur, which disengages the jacks from the back tpriogi. The smaller 
puUev, by another band, communicates with the right and left treaAe ; ao that these 
trendlee, when prccsed alternately, turn the pulleys about In an inverted order. The 
directions of these hands also appear more plainly in the front elevation, 971. 
The eonstmetUm of the slnr, and its effect upon the Jacks, will also be rendered 
apparent by fig, 970. In this figure, ciglit jacks are represented in section, the tall 
part of three of which, 1, 9, 8, are thrown up by the slur in its progrem from left la 
right; the firaith is in the act of rising, and the remaining four, 5, 6, 7, nnd 6, are 
still unacted upon, the alur not yet having reached them. Ac the alur acta in 
direction of the dotted line x x^fig, 988, behind the oentree of the jacks. It is hardly 
nseoasary to remark, that this forcing npof the tails most of coarse depres s the JMttth 
by which the sinkers in front are imnended; the Jack finkera lUling aneoaiAtely 
flem the loops cn every alternate needle^ in the way fepreientad at fig* 97jl^ whetc 
both kinds of sinkeia appear In aeetlon* the light part expreaihig wbait b abm the 
pqlnt at which the throat of the elakcr operates npon the thread, and the dark port 
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what ia below. The second set, or, as they are called, the lead sinkers, from the 
manner of joining them, and suspending them from the bar above, appear still ele- 
vated \ the position of the bar being represented by the line, a. n. But when these 
are pulled down to the level of the former by the operator’s hands, the whole looping 
will be completed, and the thread c, p, which is still slack, will be brought to ita full 

973 



and proper deCTeeof tension, which is regulated by stop screws, so as to be tempered 
or alter^ at pleitsure. The sinking of this second set of sinkers may be easily ex- 
plained by fiq, 974. The diiectioii of the sinkers is expressed by the line e*, the 
bar from which they are suspended will be at A; the top Irame is in the direction 
ii<im A to n; the baik standards at i>; and the joint at n, is the centre of motion. 
If K IB pulled perpendicularly downwards, the spring c will be contracted, and its 
upper extreme point, o, will be brought neater to its lower extreme point f, which is 
fixed. Again, when the force which has depressed k is removed, the spring c will 
revolt to its former state, and the sinkers will rise. The raising of the jack siuktra 

07 4 



and jacks takes plure at the same time, by the hosier raising bis hands ; and for tbe 
cause of this we must revert to fy. 968. The lead sinkers in rising lay hold of 
notches, which raise the extreme parts of tbe set of jacks z, z, which are called 
half-Jacks. Between the extremities of these at z z, is a cross bar, which, in 
descending, presses all the intermediate Jacks behind the common centre, and 
restores them to their original posture, where they are secured by tbe back springs, 
until they are again relieved by the operation of the slur recrossing at the next 
eourse. 

Working of the frame. -—In order to work a A’ame, the whole apparatus being pre* 
viously put into complete order, the hosier places himself on the seat b in fh>nt, and 
provides hi^g||[Uf with a bobbin of yarn or stuff. Yhis bobbin he places loosely on a 
vertical pin^Twire, driven into one side of the frame contiguous to the needles, so 
that it may turn freely as the stuff is unwound from it. Taking the thread in his 
liand; he draws it loosely along the needles, behind the barbs, and under tbe throats 
of the sinkers. He then presses down one of the treadles to pass the slur alotig, and 
unlock the Jacks fhoin the back springs, that they may fall in succession. .When this 
•'8 done, the number of loops thus formed is doubled by bringing down tbe lead sinkerit 
and thf new formed loops are lodged under the barbs of the needles hr bringing 
forward the linfceri. ‘(lie preceding course, and former fkbrio, being wen agnin 
poshed back, the barbs are shut by ^pressing the middle treadle, and fbrning down 
the preeeer upon the needles. The former work is now easily brought over the shirt 
needles, after which, by raising the hands, both sets of sinkers are raised \ tbs Jec*> 
■re looked by the back springs, snd the hosier goes on to another soarte. . 

From this it will be apparent, that the Kmark made in the outset is weH fbundetit 
that there are in reality no oomplicated or difflouU movements in theitoekin|Hiirt*'^* 
Almost the whole are merely those of levers moving upon tkwir rsspsottve fhloWi sx- 
evpting that of the carriage which gives the borlsontsi motion to the ^nberSrXf*^. 

IS merely an alternate motion on four wheels. Yet the frame is a ibaehiM wbmh 
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quires oonsideruble experience aud caret both lo vork it to sdfintaM, and aliO to keep 
it in good order This cirtonistance arises greatly from the small compasp m which 
aniiinliei of moving parts must be included Owing to this the aeedlMi unlcas 
cautiously and UlIk ately handled, arc easily bent or injiin d The samt oircpaiitaoce 
up{ lies with equal or greater force to the sinkers, whiili must bo so tery thin as to be 
i isily injured But as thi ^ must work fret ly, both in a perpendioular and horisontal 
ditictiun bi tween the needles, in avei) confined and limited space, the sUghtest sang* 
lion in cither, from being truly and squarely {ilaoed, noarntdably injures tke others. 
W bin a h sier, either igourant of the nitchatiKal lawa of i ht ir relation to each other, 
ur too luiputuDt to wait for the aasistuucc of another, attempts to reottfy defrets he in 
UHist casts increaees them unfbld, and « nders the machine incapable of 
all until repaired by seine more experienced person This cirouinstince has giveu 
I is( to a set of men employed in this trade, and distinguished bv the name of upsetters , 
and thtse people, besdts silting new frames to work, have frequently more tmploy- 
mi lit in repairing c Id ones lujurtd by want of care or skill than iimny cooiitry 
apotlu irt , who in m unhealthy paiishcs, flud m tampcni g with th< disorders of 
inatikind 

It Mi ins imniceesary to go fuiiher into detail respitting a uiachme to well known, 
aid a Inch lequires practical attintion even mori than luost others It may, there 
ioK \ I sufBt liiit t des< t ib( shortly some of its vaiictics, the most simple andcommon 
of which lb the rib btiukmg fiame 

J(tb — lhi» frame, whitli, mxt to the common frame, is most tx- 

teusncly in use, is employed for woiking those striptd or ribbed stockings, which are 
common in all thi difftrenl mail rials of which hosiery is formed In i^iociplo 
It does not differ fioin the common frame and not greatly m construction The pre- 
ceding geiural diMiiption will neatly apply to this machine with equal propriety as 
to the nrmir, that part, however, by which the nbs or stripes are formed, is 
< iitirily an addition and to the application of this additional machinery it may be 
pioper to pav the chuf attention, refcinng chicdy to /iy 971, which is a front 
eUidtion This figun has been nlieady leferred to for the illustration of those 
parts of the machinery which ire common to both, and those parts therefore require 
no re< apitulation fhe principle of weuTing ribbed hosiery has considerable 
affinity to ih it of weaving that kind of cloth which h distinguished by the name of 
iwtihng for the foi nut ion of stripes, with some variation arising merely from the 
diffcient iiatuie of the fabric In cloth weaving, two different kinds of yarn intcr- 
sicting each other at right angles, arc employed, m hosiery only one is used In 
the tweeling of cloth, striped as dimity, in the cotton or kerseymere, and in the woollen 
iiuiiufacture, the stripes arc product by reversing these yams In hosiery, where 
only one kind of yam is used, a similar effect is produced by reversing the loops 
1 o effect this reversing of the loops, a second set of needles is placed upon a vertical 
frame, so that the bends of the books may be nearly under thoee of the common 
needles Ihesc needles are cast into tin moulds, pretty similar to the 
former, but more oblique or bevelled towards the point, so m to pre- 
vent obstructions in working them 'I hey are also screwed to a bar 
of iron, generally lighter than the other, and secured by means of plates 
this bar is not fixed, but has a pivot in each end, by means of which 
the bar may have a kind of oscillatory motion on these pivots Two 
frames of iron support this bar that in which it oscillates beingnearly 
vertical, but inchnid a little towards the other needles. Ftg 975, 
which IS a profile elevation, will serve to lUustrate the relative position 
of each bar to the other The lower or horixontal ftnme, the ends only 
of which can be seen in/{p 971, under aa, appears m profile iujh 975. 
where it is disuogoishea by d The vertical frwme at ois attached to 
this by two centre screws, which serve ss joints for it to move in. On 
the top of this frrsme is the nb-needle bsr at / in Jiga 965 and 975, 
and one needle IS represented in /Ig 975 at/ At g la a small prcsier, 
to shut the barbs of the nb needles, in the same manner ai the large 
one does those of the frames At Am one of the frame needles toehow 
the relative poaiuon of the one act to the other. The whole of the rib- 
bar la not fitted with needles like the other , for here needlet are only 
placed where nha or stripes are to be form^the mtervale being filled 
np with blank leada, that is to aay, with sockeu of the seme shape as tke oAtra, knt 
wiAoni needles , bemg merely Miigaed to fill Ike her and preaerve the intervaliL 
Two amnU handles depend from the needle hmr, by which the oaeillatm mothm npon 
the upper oentrse ia given. The riaing and dloking motion is oommnnicated to All 
maohinsbyohninswhichnreettadiedtoironiliden bebw, and which nMwmght 
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of thr iimall pressor, and partly b> titc motion of the needles In descending. A small 
iron slider is placed bt^hiiid the rih*necdles, which rises as they descend, and serves to 
li<e the loops perfectly from each other. 

In the weaving of ribbed hosieiy, the plain and ribbed courses are wrought nlter- 
natcly. >Vhin the plain are finished, the rib-ucedles are rai6<*d between tiie otheis, 
but no additional stuff is supplied The rib-net dies intersecting the plain ones, merely 
lay hold of the last thread, and by again bringing it througii that which w as on the 
nb-ni edle belorc, give it an additional looping, which reverses the line of chaining, 
and raises the nb above the plain inter \ nls, which have only received a single knitting. 

HOT BLAST. See Iron. 

1I()T*FLUE is the name given in England to an apartment heated by stoves or 
steam pipes, in which padded and piinte/1 calicoes arc dried haid. rtg 97G icpu- 



sents the simplest form of such a floe, heated by the vertical round iron rtOTa 
whose top a wide square pipe proceed upwards in a slightly inclined 
receives the current of air heated by the body and capital of the store. In this 
channel there are pulleys, with cords or bara rrhieh suspend hf hooks end Miia^ 
the web of calico ftom the entrance at n, where the operative sits, to near 
A, and back again. This circuit may be repeated once or oftener till the sew sn 
^rfectly dried. At d the driving pnlley connected With the lUaltt shaft is wen* 
Wear the feet of the operative is the canSrog or reel upon which the ssoist goods 
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rolUd in an endless well , so that their circulation in tho hot-sii ohtunel mn be con- 
tinued siithout iiiterrupMon, as long as ma> be mcessary 

hg M77 18 a cross section of thv ap|»ar itus of the regular luit flue, as it is mo inted 
in the most scientific calico works of 
] ngland, those of Junx-s 1 homson, rs<( , 
ot Piimrosc, near ( litluToe Lancashiie 
aaaa is au arched apirdneitt, ncaily 30 
^ards long, by 13 feet high, and 10 fed 
wide through nboui oue half of this 
galUrv thfre is a hoii/ontal flooi Mip 
p >rtid on arches, abo\ o a hu h is th< dt i r 
hpiu through which thi good*' art finalh 
Ik fori the> cst i|ie from th hit- 
flue aftir they ha^e lein previous!) cx 
loMidtotlii hot lut soimahdt moot uii 
<t lb Itaer coiM nlTiunt A laig 
M|iiiii ilui < \irtd liith cast iron plates 
I no i) mg the whole bottom (f the gal 
hi) It IS diridid into tao long parulh 1 
\ mils ahosr setUoiis ai hitii al u, 

'177 (I vtnd aith the luit non plates tt ^ 
gioo'iid at their ends into one another 
1 he thickness of these plates is increased 
I nyiissisel) as they come mnrei to the 
fireplace ot furimci 'I lure ore dampiis ahich regulaU the draught, and of couise 
the heat ot the sto\e h k are the an passages or vent holes, left in the side walls, 
nnd whieh hy means of a long non rod, mounted with non plates, may bo opened or 
< losed together to any degn e A /< ate the cast-u on suppoi ts of the tinned brass rollers 
whtoli guide the goods along, and whieh are fixed to the cross pieces reprisentod hy 
r r, fiq 977 I / are iron bars for supporting the ventilators or fans (se e Foundry and 
\ FNiiiAiiON) These fans are here enclosed within a wiro grating They make 
ibout 3U0 turns per minute, and expel the moist air with perfect eifi ct s indicates the 
position of the windows, which extend throughout the length of the hmlding i is a 
gas-light jet, placed at the side of eich window to supply illumination for night work 
J he piece is stretched along the whole extent of the galicny, and runs through it m 
the course of one minute and a half, being exposed during its passage to the heat of 
312® Fdhr 



In Jig 978, A is the iron door of entrance to the hot fine gallery ; at 6 is the pad- 
ding machine, uheie the 
goods are imbued with 
the general mordant The 
speed of this machine 
may he vai led hy means 
of the two conical drums 
c c, which drive it , since, 
when the hand c c is 
bt ought by Its folks, and 
luljusting screws, nearer 
to the narrow end of the 
lower drum, the cylin- 
der upon the same shaft 
with the latter is driven 
(quicker , and vice term 
Over D D the cords arc 



shown for drawing the 

drum mechanism into gear with the main shaft hind, r, f, t , or for throwing it outof 
gear The pulleys F F carry the hands which transmit the motion to the padding 
machine A evlmdneal dram exterior to the hot-flue, covered with flannel, aervea to 
receive the end of the aenea of pieces, and to draw them through the apartment. 
This mode of drying the padded eahooes reqotrea for each piece of 28 yards three 
pounds of coals for the foniace when a fan is employed, sod four pounds iHlhout 
It See Calico Paumiro. 


HUNG ART WATER, Supposed to he named after a queen of Hungary, who 
used It as a cosmetic . it is prepared by distilling rosemaiy See Eau dr CoLoenfR. 

HYACINTH, The name under which are loolud^ the tnusparent, bright* 
coloured varieties of sireon. Hyacinth differs from Jargoon merely in eoloiir, which 
IS orange-red passing nito pt^pj-red. Though not maim worn at the picicnt tint It 
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ii a valuable gem, and roakos a very superb nng-stone when of a bright tint and free 
from flaws. The larger pieces are sometimes made into seals 11\ acinths occur in 
the sand and alluvial d posits of certain rivers in Ceylon, aUo in the state of sand, 
mingled with various other substances, in the bed of a stream at Espaill} (Haute Loin > 
in France, os well as in Irnsult near the same place. It is also found in volcanic tuff 
in Auvergne, in Bohemia, Saxony, the Tynil, Transylvania, Gn enland, in tht zircon 
syenite of Frederieks-varn in Norway, and in the iron mines of Arendal ; also at 
Miask in the Urals, Vesuvius, at Santa Rosa in New Grenada, at Scalpay in Han is, 
Kcotland, Egvpt, the East Indies and elsewhere The hyacinth red varieties of zircon 
are sold by the inhabitants of Ceylon as inferior rubies. — H W. B. 

HYDRATES arc compounds of the oxides, salts, &c , with water in definite or 
equivalent propoitions. Thus slaked lime consists of one atom of qinck-hine « 

+ one atom of water «0, of which the sum is 37 on the hydrogen scale. “ The vei y 
different functions performed by water in the various modes of combination it afleets 
render it necessary to adopt a definite principle of nomenclature in tins respect. . . . 
1 shall employ the word hydrate only where the water is combined with a base, «oich 
as a metallic oxide, thus, hydrate of lime, hydrate of potash, hydrated oxide of 1(M(1 
— Kane. 

HYDRAULIC CEMENT or LIME is the kind of mortar used for building 
piers or walls under, or exposed to, water, such as those ot harbours, docks, &c Tne 
piKirer sorts of limestone, such as contaiu from 8 to 25 per cent of foreign matter, 
in silica, alumina, magnesia. &c , are best adapted for this purpose All the water 
limestones are of a bluish grey or brown colour, which is communicated to them by 
the oxide of iron. The} are usually termed gtme4mt by the builders of the metro- 
polis, to dlstingui*«h them from common chalk lime, but so far impniperly, that the 
Dorking limestone is not much harder than chalk, and the Hailing limcstmie is 
ac tually a chalk, and not harder than the pure chalk of the same neighbourhood, 
R om which it is only distinguished in appearam e by being a little darker. These, 
though calcined, do not slake when moistened ; but if pulvt nsed they absorb water 
without swelling up or heating, like Jat lime, and aftord a paste which hardtns in a 
few days under water, but in the air they ntvir acquire much solidity. 

The following analyses of different hydraulic limestones arc by B^bier. 



No 1 

Ho. 9 

Hoi \ 

Ho 4 

No ^ 

K. Analyu%Cif hmaonei 






Carbnnatfl of lime - 

*17 0 

Oh A 

74 5 

76 5 

80 0 

CHrbnnato of magnf nin 1 

20 

. . 

a 0 

i 0 

1 5 

Carbonatfl of pr luxidc of lion . . . . . 

. . 

. . 

. . 

30 

— 

Cirbonateof inaiigtuiiao ....... 

. . 

- - 

. - 



SilIrR and alumina 

• - 

• • 

• • 



Uxida of Iron 

U) 

1 A 

— * 




100 0 

100^ 

100 o~" 

10(10 

_IM0 

B Anatyeea qf the hw nt Itme* 







un4 

97*8 

78 0 

(iM 3 

700 

Mapnesla - 

1 c 

- - 

200 

2*0 

10 

Alumina - 

IH 

28 

2-0 

24 0 

WO 

1 Oxide of Iron - 

- - 

- . 

- . 

• 67 

— 

1 __ _ . 

100 0 

100 0 

100 0 

1(10 0 

100*0 " 


No. 1 is frjn the fresh-water lime formation of tihatcau Landon, near Nomonr^; 
No 2, the la^ grained limestone of Paris ; both of these afford a fat lime when 
burnt Dolomite affords a pretty fkt lime, though it contains 42 dot cent, of carbonate 
of magnesia , No. 3 is a limestone from the neighbourhood of raris, which yields a 
poor lime, pemessing no hydraulic property } No. 4 is the secondary limestone of 
Metz ; No. 6 is the lime marl of Senonebes, near Dreuz ; both the latter have the 
property of hardening under water, particularly the last, which is much used at Paris 
on this account 

All good hydraulic mortars must contain alumina and silica the oxides of iron and 
manganese, at one time considered essential, are rather prejudicial ingredients. By 
adding silica and alumina, or merely the former, in eertain circumstances, to fot lime, 
a water-cement may be artificially formed ; as also by addmg to lime any of the folfov* 
mg native prodnetions, which contain siricates } puszolana, trass or tarras, pumice* 
stone, basate-tuff, slate-clay* Puzsolana is a volcanic product, which forms hills^^ 
eonsiderable extent to the south-west of the Apennines, in the district of Rome, the 
Pontine marshes, Viterbo, Dolsena, and m the Neapolitan region of Pusiooki, whpn^ 
the namsr A similar volcanic tnfii is found in many other parts of the 
Aoeordhig to Berdiier. the Italian pusiolana ooieiets of 44*6 ; 15*0 ahimiee* 
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A 8 lime ; 4*7 magnesia ; 1 4 potash ; 4*1 loda; 12 eoddei of iron and titaninm ; 9 2 
water ; in 100 parts. 

The tvifa stone, which when ground Ihrmt trow, iaoDgipoard of 27*0 8iliia« 14*0 clay, 

2 6 lime, 1*0 magnesia, 7*0 potash. 1*0 soda, 6 oaides of iron and tiuuiiitfn, 2*4 water. 
This tulF IS found ahundantly, fUliag np vatteys in hods ot 10 or SO foet d«ap, in the 
north of Ireland, among the anhiaiose formations upon the banka of the Bkioe, and at 
Monheim in Bavaria. 

The fatter the lime theleaaof it must he added to the gronnd fmasolaM, or trait, to 
form a hjdranlic moitar; the mixtuiH' shouid be made extemporaneously, and ninat at 
any tati* be kept dry till aboot to lie applied. Sometimes a fWopoTiton of common 
sand mortar inatead of lime ia mixed with the traaa. ^ hen the hydraulic cement 
hanlfiis too noon, aa in 12 houra, it iaapt to crack t it ia lietler when it takea 8 d»)B 
to cunt rete. Througlt the agency of the water, silicatea of lime, alumina (magnesia >, 
and oxide of iron arc formed, which amume a atony hardness. 

H(‘hidea the above t«o volcanic prodneta, otlier native earthy oomponiida are used 
in making water e<iaenta. To thia head belong all limeatonaa which contain from 
20 t<i ao fier cent, of clay and silica. By gentle calcination, a portion of the carbonic 
aei 1 expelled, and a little lime ia combined with the <^lay, while a silicate of clay 
and time rcanita, associated with lime in a subcarhonated state. A liiue-marl con- 
taining lt>ss c1r> will bear a stronger calcining heat without prejudice to its qualities 
as a hydraulic cement : but ranch also depends upon the proportion of silica present, 
and tlie physical structure of all the eonstituenta 

I'he mineral substance moat uaed in England for making such mortar ia vulgarly 
called cinunt^itome. It ia a ronifonn limestone, which occura distributed in single 
nodules, or rather lenticular cakes, in beds of clay. They arc mostly found in those 
argillaceous strata which alternate with the limestone beds of the Oolite formation, aa 
also in the clay strata above the chalk, and aometiniea in the London clay. On the 
coasts of Kent, in the isles of Hheppey and Tbanet, on the coasts of Yorkshire, 
Somersetshire, and the Isle of Wight, &c., these nodular concretions arc found in con- 
siderable quantities, having been laid bare by the action of the aea and weather. 
They were called by the older mineralogists ^iptana and Lwdut Helmontu (Van 
Ilelmont*s coita). When sawn across, they show veins of calc-spar traversing the 
siliceous clay, and are then aometimea plam in the cabinets of virtuon. They arc 
found also tn several places on the Continent, os at Neustadt-Eborawalde, near 
Antwerp, near Altdorf in Bavaria; aa also at Boulogne-sur-mer, where they are 
called lloalognc pebbles (galett). These nodulea vary in siie from that of a fiht to a 
man’s head i they are of a yellow-grey or brown colour, interspersed with veins of 
calc-apar, and sometimes contain cavities bestudded with crystals. Their specific 
gravity is 2 69. 

The Blue Lias esment-stones are considered the strongest water limes of this country, 
and are found on opposite sides of the Bristol Channel, near Watchet in Somerset- 
shire, and Abertliaw in Glamorganshire, and also in North Wales and at Lyme Regis 
in Dorsetshire. The Dorking or Merstham lime and the Hailing lime, jo termed 
foom a village on the left bank of the Medway above Rochester, but which is also 
found near Burnham on the opposite side of the river, though not poMeaiiog such 
strong hydraulic properties aa the lias, are also much esteemed. 

Analyses of severri cement-stones, and of the cement made with them i 
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No ], English Oimeiit itont auahsed by Uiitbieri No 2, Boulogne stone, by 
Prapies; No S, English ditto, by iWy, No 4 reniform lirnestoue nodules from 
Arkona, b? Huhnefcld , No 5, ceinent-stone of Avallon, by Dumas 
Id England the stones are oaloincd in shift kilns, or sometimes in mound kilns, 
then ground, sifted and packed in casks The colour of the powder is usually dark 
brown-red When made into a thick paste with water it absorbs little of it, evolves 
hardly any heat, and soon indurates It is mixed with U sharp sand in various pro 
portions, immcdiatel} before using it , and is employed in all marine and river em- 
iNinkments, for securing the seams of stone or bric k floors or arches from the percolation 
of moisture, and also fbr facing walls to protect them flrom damp 

The cement of Pouilly is prepared from a Jiiiasbic (secondary) limestone, which con- 
tains S9 per cent of silica, with alumina magnesia, and iron oxide \icat forms a 
factitious Roman cement by making bi teks si ith a pasty mixture of 4 parts of chalk 
and 1 part of dry clay, drving, burning and gi indiiig them River sand must be 
added to this powder , and even with this addition, its efficacy is somewhat doubtflil 
though It has for want of a better substitute, been much employed at Pans 

Professor Kuhlmann, of lasle, has made certain improvements in the manufacture 
of lime-cement, and he has prepared artificial stone possessed of a hardness and 
solidity fit for the sciilptoi bee Stomi. ARTirieiAL 

In operating by the dry method instead of calcining the limestone with sand and 
clay alone, as has been hitherto commonly practised, this inventor introduces a small 
quantity of soda or preferably, potash, m the state of sulphate, carbonate or muriate 
— salts susceptible of forming silicates — when the earthy mixture is calcined The 
alkaline salt, equal in weight to about one fifth that of the lime, it» introduced in solu- 
tion among the earths 

All sorts of lime are made hydiaulu in the humid way by mixing slaked lime with 
solutions of common alum or sulphate of alumina but the best method consists in 
employing a solution of the silicate of potash, called liquor of flints, or soluble glass, 
to mix in with the lime or lime and clay An hydraulic cement may also be made 
which will^ervo for the manufacture of achifcctnt il ornaments, by making a paste of 
pulverised chalk with a solution of the silicate of potash , the said liquor of flints 
likewise gives chalk and plaster a stony hardness, by merely soaking them m it 
after they aie cut oi moulded to a proper shape On exposure to the air they get 
progressive! v induiated bu[>crficiai hardness miy le readily procured by washing 
over the surface of chalk, &c , with liquor of flints, by means of a brush This 
method affords an i asy and elegant method of giving a atony crust to plastered walls 
and ceilings of apartments , as also to statues and busts, cast in gypsum, mixed with 
ehalk 

The essential < onstitncnth of eviry good hydraulic mortar are caustic lime and 
silica , and the hardening of this compound underwater conBi«ts mainly in a chemical 
combination of these two constituents through the agency of the water, producing a 
hydrated silicate of lime But such mortars may contain other bases besides lime, as 
for example clay and magnesia whence donblo silicates of great solidify are formed , 
on which account dolomite is a good ingredient of these mortars But the silica most 
be in a peculiar state for these purposes , namely, capable of affording a gelatinous 
paste with acids , and if not so already, it most be brought into this condition, by cal- 
cining It, along with an alkali or an alkaline earth, at a bright red heat, when it will 
dissolve, and gelatinise in acids Qaartzose sand, (fowtver fine its powder may be, 
will form no '|^r-mortar or lime , but if the powder be igpiitcd with the lime, it then 
becomes fit fo^^draulic work Ground felspar or clay forms with slaked lime no 
water-cement , but when they are previously calcined along with the lime, the mix- 
ture becomes capabU of hardening under water 
HamthiCh Cement is composed of ground Portland stone (roe stone), sand andlitliftrge 
in the proportion of G2 of the first, 35 of the second, and 3 of the third, in 100 parts » 
but other proportions ^ ill also answer the purpose Considerable dexterity is required 

to make good work with it 

Limestone, which contains as much as 10 per cent of clay, comports itself after cal- 
cination, if all the carbonic acid be expelled, )ust as pure limestone would do When 
It IS less strongly burned, it affords, however, a mass which hardens prefly speedily Ic 
water If the argillaceous proportion of a marl amounts to 18 or 20 per oent^ it ctili 
will slake with water, but it will absorb leHof it, and forms a tolerably good hydrsuh^ 
mortar, especially if a little good Roman Cement be added to it. When the proportion 
of clay 18 25 to 30 per cent after burning, it heals but Ittde with water, nor doiMi R 
slake well, and must therefore be ground by stampers or an edge millstone, whon it is 
to be used as a mortar This kind of marl yields commonly the best vratcr-oinsOt 
without other addition Should the quantity of obty be increased farther, as 
per cent , the compound will not hear a high or long eontinued heat wifhoat oc®8 
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spoiled for making h} draolic mortar after gnadins to mwdir* When more itrongl j 
calcined it forms a ▼itriform substance, and thouTd, after being pnlreriaed, be imxed 
up with good lime, to make a water mortar If the marls Hi anjlocali^dlfftrmttch 
in their itlaUve proportions of lime and alumina, then the aovical kinds shonld be 
mixed in such due prr){iortions as to produte the most speedUy eettinig. and most 
highly indurating hydraulic cement 

Hydraulic limes or ct mints require the presence of carlionats of liile with sllloa, 
or silicate of alumina, or magnesia It is stated Ibe dolomite calcihed it n niodemte 
heat exhibits the property of a hydtaultc lime 
If embonate of lime be mixed with gelatinona silica, it foiwui a good h}dranlic 
cement See SUiIca and broKi AntmoxAL 

It A hydraulic Umc bt calcined at too high a tsmperature the sitieate undergoes 
p irtial fusion and will not set afterwards under water 1 be heat theref ire employed 
for burning the hydraulic limesUmei shonld only be just high enough to expel the 
water from the clay and the greater part of the carbonic aiid from the carbonate of 
Im t 

>iithn clay {gthcaie of alumina) nor limo alone will titl underwater, but if we 
canhtlymix chalk and clay together and then culcim them at a moderate heat a 
g ) d hydraulic cement is obtained 

H^dranho limt stones may be separated into two kinds, ss indicated by tbeir con- 
stiiiicnts One set consists of thi carbonates of the earths, these yield a fat lime, 
the other set la composed of silicates or a mixture of silicates of alumina lime, 
magnesia or potash, although of the latter kss frtquently, with usually much fne 
silica consequently thisc are a kind of clay 
In burning hydraulic limestones, the silica and alumina, when the hme has once 
parUd with Its carbonic acid, react upon each other The lime enters into feeble 
combination with the silica, producing a less stable compound than the original, and 
which IS readily acted on by acids which was not the case previous to burning 
Hiirnt hydraulic lime is in nearly all cases soluble m acids The presence of a 
silicate that can be decomposed by acids is proved by tbe fonnation of a thick j'^lly 
of silica The property of yielding gelatmoos silica by solution in a< ids, may I e 
r garded as one of &e proofs that the lunestone possesses the property of setting,*’ 
luroming hard under water 

1 be degree of hardness acquired by hydraulic hme % ones considerably The time 
required for hardening ditfers still more widely j some hydraulic cementa will set in 
a tew minutes, others will require weiks and months The more of the aluminous 
constituents which tbe limestone contains tbe more quickly will tlie cement prepared 
from It solidify 

As already remarked, too much heat in the kiln, causing partial fusion of the 
silica, destroys tbe hy dranlie property of the lime In techiiieal plirssc it renders 
the hme much weaker, and at last completely destroys its power as a water-Cement 
Hydraulic lime should acquire a certain consistence before it is immtned in water 
If this is not attended to the hydianlic hme never hardens, tne particles form a 
tmrous maas, there is no kind ol s^glotinauon , conseonently coosidenble care is 
reiiuired in every stage of the process of making and nsing hy dranlic cements 
It IS impossible in this work to do ftill justfee to this very inmrtant subject , wo 
must theitnfore refer our readers to Generml Pasley’s works on Aimes oiid CemenU, to 
the papers of Mr Timperly in tbe TrantaciumM of tha InntituUon of Ciml Enmntetit, 
and to the worka especially of M M Vicat and Belidor See Puxxolana, Roman 

i EHENT 

The following remarks on hydraulic cements, and on the preparation of n new 
and valuable kind of these cements are abstracted ftrom some memoirs by Liout « 
i'olonel Sooit in the Paport on Subject* connected wiA the Duties qf tke Corpt of 
JRoval Engtneere Colonel Scott’s hydimlic cement hu been extensively used with 
the best results. 

Tbe supenenty of hydraulic mortars over pure lime mortars consists very much in 
tbe former oontaining within themselves the property of solidifying without the 
assistuoe of the atmosphere, while the pure lime mortar do not possess such a 
property, and m tbe absence of carbonic add m tbe atmosphere, no soiidificttioii sHfl 
eosne 
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mina) futimatelv mingled with the carbonate of lime By bumiiig, the earbcnio 
add gas is expelled flm them as in the ease of tbe pure limestones, the duy ussist* 
iDg IB 111 exp^ion throogfa the aflnity of its stlicie add for tbe lime, and also part^ 
ing with Its own combined water A (brther action then takes plaoe tbe aitlcie 
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i. \ of tlio 1 Y ■ (1 (hf* liiiu nr thi hlr,li Uinpmtuic of the kiln Tf act on one 
Ndoilinr^ awl titlii r torni a iiluact ol liuic,or approximate to its t Miiiarton no far th it 
oil tlir addti^a of water it in formed with mort or Icm rapidity As howcier, iIum 
fotion u more perfect in the naur ciromta and tbirc U much in common Iniwitii 
tium and the hydraulic liiiun it will be he tir lore to explain lu i\hat their diflcr 
I me coiiiiiNts and then to apeak ot thini up the r 

The diffcieiice between them cannot It priciiuly defined wih reference tei 
ehe mieiil com|oaition» for there are aome liroeatouta which will >icl 1 cenniit or lini 
ui« irdioff to the UiniHratnre at which they an burned It must ritlor Ih nteircd 
to the manner in which thty beha\e when moiatcned with water It a | ucc ol eeni ni 
ht dip|H*el in water for a fewaecemda until itccascato hiM Irom the eacape et air 
firom iia porea it may become harder, or it muT after a time partially break up with 
or without MitaUde warmth If a piece of trenh pure liint bt bimiUrly treated, in a 
fbw ninutea U lugina to heat and awe 11, and the violence of the action is anch na to 
tbNMr (I •Aimad in a bulky luipulpabli |M»wdir In the latter caae one affinity emlv 
eomew Ihto play, that ot the lime ie>r the water but wiih the cimciit a vconel 
affliu^ IS in eiporatioii Hv the aetiem of the heat in the proceas ot burning 
tho affinity of the linn for the ailie le acid of the clay la brought mto plu>, ami ino li 
ilta the violmcc of ita nflimtv tor water and when llie lemperature la aiifleunily 
high the lime and the ailu ic luid enter into rhonmal e omhinition, and the com 
|iounla ao fonmel, on being menauned with water, ptiaa into hyeliiitea in a giudiiil 
and ejuiet inatim r, without any ot tlm tumultiiuiia action wh ch la ao reiuarkiibli in 
the conibiiiatiem e>f pure liiiu with water 

*Ihe hydrated ailuutca reKiilting are not aftirwatda appreciably uficcted b> water, 
and to niuih of the lime a^ the aduie acid ean take up pa^aia fiom a aolul li to an 
tnaedu) le eeindition, thus tfli nhiig a eeiiutitiiig inutenal aiiitublt tor hvelriiilic pui 
peuns When the he it eif the kiln la. too tur urged, vitriflcutiem insiiea treiiii the 
eoniplitc formation of an onhyelrou^ silicite ami a coiupuative^ly im rt aid atinec la 
produced, whieh undergoes no change on being luixeid with water, or will only nniti 
with It after conaidtrahle pirioda of time 

I ho hydraulic linita nre» interim dutei betwoon the eomenta and the pure linua and 
partake of the character and mode of action of t tch chiaa of atibstantcs J he t ro 
(ortion of clay in them la gomrally amillcr than in the cementa and the lime 
auffietentU predominates to produce ly itayriohnt BtHnity feirwatir the degree of 
heat, expansion, and amount of vapour requisite to throw them into powder When 
the quantity of clay, as compared with the lime, la Miiall the eiolonce of the slaking 
IS aearcily leM than that <if the puie limes but in propmtion aa the clay la relatively 
larger in amount the heat generated in le mbining with the water is less, and the 
Jima flakea to a powder more inifierfcctly and with less increabe ot volume iii til at 
last, on rraclimg the boundary ot the cements, the slaking must be urged e n by con- 
llning the heat generatcHl, and the lime allowed to lie Jemcei to ensure the completion 
of the action b^ore it is mixed with miikI lud mile ii to mortar 
III the ordinary kiln binning, some poitions ot the hydraulic limes, by too great 
heat of the charge, are brought into that condition when the ailicdtea torroed combine 
very alowly with water The siIrk acid having undergone a great modification, the 
powdera of auch limes can unite and form new hydrated compounds, but by a process 
so alow that It may be measured by weeks, months, or years, instead ot minutes, hours, 
and days, thereby, in badlv mixed mortar, doing great iigury, expansion taking place 
after the mortaj^ios been laid in the work, it has beed known to throw down arches, 
and lift heavy of masonry 

If hydrauliQ ftmea be allowed to dry too rapidly they will not properly harden 
W ith regard to cements, some portions ol a ch irge arc often spoiled by lowness of 
tem|ierature in burning, and thus prevent the d< sired rapidity of forming silicates 
and retmrd the solidification of the moitar withont the assistance of water 
Besides the proportion of clay and lime and the temperature of burning, the oom« 
position of the clay has much to do with the rapid setting of hydraulic limes and 
cements The larger the amount of iron and alumina present, the more readily will 
the lime and clay pass through the different stages to the formation of a pmect 
cement, though temperature in burning has much to do with its character, for from 
till same bed of chalk-marl has been made a hydraulic linie^ a quick setung cement, 
a d a cement resembling the Portland cement 8e« Lime 
As the cements may, and practically always do, partake of tlie slow solidiffmg 
action of the hydraulic limes, so the hydraulic limes partake, when exposed to the 
air, of the hardening action of the carbonic acid gas of the atmosphere, to whioh the 
pure limes owe the external hard crust 

The addition of puxsolana, trass, &o , often improves the hvdranlio limes. The 
action of these substances is similar to that of oluy found naturally mingled with 
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thf etrboiateof lime Id liydrnuU.* Tlivte Kaeo hi««n enldnMIiy ^<^1- 

cmnie bmt, end though buret ol iv may produce a aimfliir e#wu it !• mrely •« pirfei t. 

I'rfpamtHm of Cement. -The limi^toni to bo employed iii the iMAiifhotire of the 
cement if burnt to qutckdime by nay of the cmdiimry pfoetoM Avoiding mrer-bniulng, 

AS Qtutl. Ifimet bnreed until they Aimnie n blue m eiifnli tinge nqniro peeulitr 
and very carefbi treatment to flt them fur the purpAii. 

The qnick-lime ia eithi r wheeled in bArrowa or oatrted ha boAhete Into an oven, 
and ia laid on the perforated trehea forming tho door, to the doplh of I Ihot « ineheR 
on the crown, and S feet orer the hannche*. With a large aland Ulto ililt depth 
may Inmaae a Ibw iDchna, and when the lime ia v«wy amall it mnit be aatocwhat 
derraaaed i or. In other uorda, the lime innat not be ao eieaAdy and deeply padhed aa 
to impede the draught too much. Tim Ume'duat prodoeed in loirning the lime 
b4*coui<a ueehal in making the hateheaof the oven airtight, and if there ia any 
exceuR, It may he giound down with the cement witlmiit Muaibly dcMtoriiing ita 
•trength. 

^tiin the ovrn ^ loaded, the charging hatch ia doted with a dtnible 4>incli dry 
bi i( k wa' 1, the included apace being dded in with ltme*duat The « hole may be 
ntadc air ‘tight at top by mcaiin ot an opening thiVMigh the cro»n of the arch. An 
HOD door eao he employed, and a ith taring of labour, but a brick wall wilt generally 
bt* found more eonrenienr. 

Tiie amall hateh intended to aaaiai In cooling the oven, in order to draw the 
churge, ia better doaed with an iron door on hinges, the whole being made tight with 
a muture of moistened day and sand, technieallv termed 'pug.' 

If the lime employed la pure or feebly hydraulic lime, It la advisable to allow It lo 
remain, with a current of air paaaing through it for a period which will vary, 
irenerally, with the temperature of the air, and the draught through the oven. The 
ob|«‘Ct of this la that the moiature carried through by the air may open or split the 
lime a little, and otherwise facilitate the combination of die aulphnroua ocid during 
the luliaequeat process, without however, causing it to fall abroad. Whatever the 
ti iiure of the lime oiwra ted npon, such exposure rendera the procesa more certain, and 
should be emdityed whenever the tendency to alake with beat is not readily destroyed 
without it. The fteriod of ex|HMure will vary fW>m twelve to forty-eight hours. 
At\er this expcMure, a fire of coke or coal is kindled by means of a fsf^got of brush- 
wo(Ki on the fire ban, and a alow fire ia kept np until the lime immediately over the 
urchet shows a dull glow, aueb as is barely visible when viewed in the dark through 
the pipes shown in the sides of the oven. The firing ia then raked out, and after the 
lapse of a qiinrbT or half an hour, according to the aixe of the oven, the aah-pit ia 
closed, and the chimney-top covered with a alato atone, or plate of iron, until it is 
judged that the heat throughout the mnaa of lime is pretty^ well equalised. When 
coal ia used, there is sometimes a little difficulty in preventing the smoke eieoping 
through the fire doors after each fresh feeding of the fire, bat this may be obviated 
with a little care and more fVoquent feeding. The flame of coal heata the charge 
more equally. A mixture of coni and coke may alao be employed. 

The time required for heating the lime depeoda on so many circomitances that no 
definite rule can be laid down t the dullest possible glow will autheiendv indicate 
when the first point is attained, that a burner acquainted with the action or his oven 
will not require the nae of the viewing pipe at all. 

When the beat in the oven is judg^ sufficient, and to be snffleiently equalised, the 
ash-pit and the chimn^ are opened, and iron pots containing coarse unpurified tnlphur 
are pnshed in on the fire bars, and placed in such a manner as to dittribnte the fumes 
of the bnrning snlphur equally. The pots may be made of wrought iron, of su Asient 
capacity to hold abont 23 lbs of sulphur each, the allowance being 15 lbs, to each yard 
of lime. A few red-hot einders are thrown into each pot as it ia pushed in, to ignite 
the snlphnr. In ten or fifteen minutes the sulphur will be fhlly ignited, a^ its fhmrs 
will b^;in to cacape through the chimneys very freely; the cUmneys shonld then 
be closed again pe^ectly, and a little clay or lime dost used to make the cover tight. 
The fln-duori and ash-pits are also to be plastered at the crevices, with the ezeeption 
of a small opening at the bottom of each of the latter, which opening is to be 
rcgnlnled by the amount of air which may ha required to carry on fhc comhnstion of 
the sulphur, without allowing the sulphnnms •eld to escape, and ineh escape would 
be immediately detected by toe smell. 

When the sulphur is ill oonsamed, which may be ascertained by locking from 
time to time, after the lapse of aome hours, into the oven fire-door, the wall cMog the 
hateh is thrown down, and all other openings made free to the passage of air, to cool 
the ehaiga and oven sufficiently to allow the fbimer to be removed. 

The grinding in ftien oommenoedt a flew trial laiiiplesaftt made np with water. 
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and an oxaiuinatioii m di at tlic top middk and bottom of the chnrf^e to obtain 
inforiiiatiOD as to temperatutc for iiiture guidanei If the lime from Hit bottom of 
tin rhargo when nioisttnid nmaioK quite d ud on the outside of the lumps a sort of 
crust being foriiitd thin and at tin heart tbt lumps retain its usual (r pci tits tli s 
IS a proof that th« bottom portion if not the wh It charge si as too hit si inn tin 
sulphur proiLSS was comm need if the upper layers still retain the usual clniatttr 
istirs of the unprepared linit no crust being visiblt on the bottom portions this sli \is 
that the heat at the top sris not griat enough and probably that the tunpcrituu 
through Mit was too lou Some pieces si ill always be found iDsufilciently prepar d but 
tin II c fleet IS lost in tin mass and the samples should be three or four in number fie iii 
tahpaitof tin e barge top bottom and centre avoi ling a selection of puces mat 
the walls If in an\ cisi the muss is found insufbciently prepared and tin lowci 
layeiHiiie crii^t d the upper hili ins} be removed and emplo}cd ns oi dinar \ linn 
and the lowii biilf gtound doisn as iciiunt If tin preicess should be tmlgcd tobavi 
I ten quite iiufltetiil the remoitd |otti>n of the chiigt can be reilactd Mitb Irish 
lime and the operations i f In itiii^ the Inn to i faint gliw and of burning siilpbui 
iinler it hi re|H;ittd siith oidiniit} can a failuie cm birlU oec ir anl sbouli tin 
sami Ii hpee linens bit fiiinl> * inputs six inches sqtnr and half iii inch thick but^et 
grou too hot in setting to be satelv trusted in work a few da}s exposure on the flooi 
of the shed will render the Cl tin nt fit for us It is better however that in pits of 
the above sire niadi up with srater to a stiff consistency and without admixture of 
sand the waimth in the sotting even when the cement is quite fresh from th 
oven — should be barely perceptible 

1 he grinding of the eement is the most serious part of the manufiiture Should 
ihi I xtent of the weirks justify a consideia) 1 oiith} in grinding apparatus thi floui 
mill construe tion is to be proterred horir ntal crushing rollcis being used to rtduci 
the lumps of cement ti a si/e which the e}c of the lunrier null stone can readily 
take It 18 better also to sift it through a sieve the loaisc particles being again 
passed through the stonei 1 or grin ling, on the small sealo, a pair of vertical wheels 
of ion or stone turning on a pivot Im tween them b} horse powci must be resorted to 
the silting apparatus being attached b\ suitable maihiner^ to the gearing of thi 
wheel or woiked b> ninnnal laboui The wire gauze used lor the sieves should hue 
ti irty meshes to the inch llii construction of both desiiiptiona of mills ih well 
iindirstoiKl by mill mak rs 

Whin the ecuuiil is jiepared frim the pure and feebly hvdraulio limes and it 
bic Hies necissaiy to nnpirt to them properties which will enable them to resist the 
ailion of wat r iitiheiil oi luituinl puzroianas must be lesorted to 11 such snb 
ht Hues me ground down with the cement to a fine powder an I mtimatel> mixed 
with the feme lit one part of pnzrolana will give to two parts of pure lime cement, 
by we ight, the necessai y degree of reaistance but if mixture by hand laboui be alone 
ivulabk,and the purzoUna be not in a fine state of division, its quantity in pro 
poition to the cement should be increased, the amount of sand used for mortar being 
oorrespoudingl} diminished 

The clays best adapted for the manufheture of artificial puzrolana are such as are 
gieasy to the touch The temperature at which they ought to be calcined depends 
upon tbeir chomingl oompofition, but the action of the constituents is complicated, 
and actual tnal must be resenrted to for the determination of the most efficient degree 
of calcination To make the tiial, a portion of the clay under examination miv be 
moulded into a cylinder five or six inches long, and onemid a half inches diameter , 
this cylinder whenAued is to be exposed, the one end in a Tiolent fire, the other on 
or near the outside^ it When the more highl} heated end begins to vitnfy, the 
c}linder is withdrawn from the fire and divided into three or four portions, according 
to the general appearauee and colour of the difFcient parls 

Hy pulverising each part, and mixing this puzzolana with the cement in the 
proportion of one part of burnt clay to two or three parts of cement, by measure, it is 
easy to determine by actual trials in water what degree of calcination gives the best 
results To prevent the cylinder firom breaking in the file, it is moulded round a 
wire As a general rule it will be found that clays containing limes and other 
metallic oxides, especially alkalis become eneigetie at low temperatures, though they 
may also suoce^ when burned at a violent beat The poorer clays will only give 
good results when calcined at a very high temperature, and they have the mimer 
dis idvantage of being difficult to reduce to powder 

('lay should be made ready for burning by moulding it into rounded balls of the 
swe of an apple, and being left in the air to dry A thick layer of coals is placed on 
tb bars at the bottom then layers of the clay halls and eoal alternately i when the 
kilu IS about two thirds fbll, faggots should be placed under bm and ignited* and 
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the comhuBtiblc IS consumed mm coiU uud el»j should be added, the appearance 
iii the clay ^ill at once show wiather a proper quantity of Aid has been used 

lla following IB an account b> a thoroughly practical man, of the use hvdraulic 
linus in the formation of iuucKte It is from a papci read by Oeoim Robertson, 

C h before the Scottish Suiiety of Arts, * On the C nrelt need m the hie £jciei$- 
htoii of tht J o idon JJuchs " 

The great mass of tin i uncrete was nndi with naturally hydrauho lime, blue lias 
from 1 yme Regis in DoiRCtshin, nhich requires Doartm'im mixture with puaso* 
laiia or inmioii to reridei it tupuhle of 8< Uiiig ptrmanfHffy under water The word 
‘‘concirtc” in this paper impius the riturt, that niidt with him lias liine,uiiUss 
otherwise specifn 1 'I he Dorsitshiif lius was the oi \y Iiuk burned od the works , 
ill 1ms from Wuiwukshirt. or Lciccstcrahirc wrus bought toady burned from the 
inirch lilts Lias ruiuireii much grcatii care lu bunimg than richci hmes, bieausc 
iny Budden or ixti i boat which would do Uuk harm to Dorking lime, greatly 
injures has hr foiiuiug a gloss In tween the silica and the lime in the stout, mate id 
of onl lri> mg ( H the wutt r and < urboiiic acid The ( onibmat ion between the bilu a 
and Inn to which lias owes its hydraulu preiperties, ought only to take place in the* 

I iiinid wai-^i t with the assibt nice of wa^er alter the application of the lime as mortar 
or concrete Lias comes from Lyme Regis in two different forms, the one with a 
clean conehoidal fracture, and the other of a shaley nature, approar hing in appear- 
ance even to clay state, but quite soft The shaley lias, which contains so much clay 
IS to have the properties of a cement, is not so desirable as the hard clean stone, 
because it carries less sand, and is therefoie more expensive Thu stone cost 4« 3d 
a ton when shippinl at Lyme, but 10s Od before it was stacked round the kiln at 
London, which is as much as the same stone cost delivered at the morks of the New 
Gracing Dock at l.eith Freight to London is alwajs heavy, for tfiere is no steady 
return freight, like coal to, be had Notwithstanding the high price of the stone 
delivered at Shad well and having to pay freight on thousands of tons of water and 
carbonic acid, to be afterwaids driven off by the heat of the kiln, the engineer in 
(hicf of Uie Dock Company the late Mr llcudel, determined to burn the limestone 
III London, ab the cxtri co'tt would be a coiiipamtivcly sm ill item in such extensive 
works It was verj debirable to have the best possible lime where concrete was to 
play so important a part 

Two egg bhaped draw kilnb of buck were therefore elected, of a total height of 
43 feet from the floor to the top of the dome, and an extreme internal diameter of 
14 feet, contracting to 5 feet at the fire bars, and 11 6'' at Ji feet above the floor 
1 he practical objection to having a less diameter than this at the top, is the dif- 
ficulty that would arise m c barging the kiln with evenly distributed layers of coal 
and stone tipped in from barrows at the top through the windows in the dome It 
has likewise been objected that a contracted top to a kiln prevents the escape of 
carbonic acid, although it has a counterbalancing advantsgc in confining the beat, 
and throwing it down with a reverberatory effect on the charge. This theorctioal 
objection appears to be* faniiful It was found necessary, after these kilns had been 
working for a short time, to dome ih\ mouth over with a brick arch, to prevent stones 
from flying into the neighbounog streets. The chimney at the top of ffita was only 
three feet m diameter, and yet no difference waa afterwards perceptible, either in the 
time required for bumiog, or m the percentage of imperfectly bnmed stone the 
other hand, there is little doubt that Uie dome acted economically on the coal required, 
for the avoTBM of 7,000 tons of limestone was little mote than one ton of to 11} 
of stone, the limits being 1 to 10, and 1 to 13 Carbonic aoid came away fireely after 
the kiln had been lighted for three hours, and it appeared to have ample room for 
escape An average of 11} tons of stone burned by one ton of coal is very high ; but 
the coal was Welsh, and cost 1/ 1« a ton Newcastle coal, or bitaminona coal in 
general, was inadmissible ; for it was essential to have little or no smoke from kilni 
m the heart of London At Leith, one ton of the coal of the neighbonrhood appeart 
to bum only six or seven tons of has, but the eoal it only one-mird priM of 
Welsh coaL The barrows of coal and properlv broken stone were Med to foe top of 
the kilo bv a hoist worked by the mortar mill engine, and were tlp^ In fomugh 
three openings in each dome, as evenly aa poemhle. After the kiln imaligfated, theee 
windows were kept oloeed with boiler-plate shatters. The eoet of <*i>q8g»ng , ioitlBHln y 
breaking up foe stone and coal, was It fid. par ton of foe two whan in foe 
kiln Unless foe demand for quick -lune wia very irragolnr, the kllae wem always 
kept lighted i but whenever they were allowed to go onf^ foe obargO of qnkk^ime 
was left in foe kiln, as the place most free from mSittate, Whenarter foe fire is let 
out indraw kilns, the next charge is nearly rareto bnm irregnlarly, and there isn oon- 
sidnable lots of heat in rewarming foe kiln. Draw kilns are liable to Irregnlailty 



G22 


HYDRAULIC CEMENT, 


from apparently flight ciiiiei, inch aa the direetion of the wind, ke ; and in the 
Hliadwili kilni Uiere mbs alao a permanent tendency to barn quickeat down the side 
warmed by the acescent kiln, for they were both in one blook of building Bat draw 
kilns are better aiiited for burning lias than flare kilns, as the heat is more nnifomily 
distributed through the charge , there is, therefore, less danger of over-barnmg the 
lower half and under burning the upper 

r ich kiln held 100 tons of stone, and burnt 21 tons per diem The two together 
produced 25 tons of quick lime every day, a quantity sufflcient for about 97 cubic 
yaids of mortar, or 170 eubio yards of concrete 0 tons of coal will bum 100 tons ot 
stone whisk pr<Kluce 50 37 tons of quicklime, or 1,523 bushels of ground lime, 
enough for 400 cubic yards of concrete, when the ballast is moderately dry. Draw- 
ing the lime from the kiln cost 1 jd per ton of quick-lime Ihe total cost of the 
burnt lime amounted to 24 « per ton When quite hot from the kiln, 26^ bushels of 
glDund lime went to the ton , but after keeping some time, a ton swelled to 30 
boihela, which is whut bought has usually weighs A bushel of lime, ground when 
freih borot, contains, then fore one seventh more lime than a bushel of Male lime, 
and a eahio yard of com ret , of specihed piopoitions, is so much the better when 
made with fiesh lime 

Coke was used in the kiln for a short tiodf, but it was found to be 8 per cent 
dealer than Welsh coal , and, moreover, the heat given out by it was too quick and 
strong cuBiug many of the stone s oier with u vitiihed silicate, which hindered the 
fi ee ( Hcnpc of carbonic acid When coke was but iit, therefore, the percentage ot 
unhunit atone was raised much above the ustiul average of 1^ or 2 per cent 

The equally burnt and softest lumps usually of a huff colour, were picked out for 
grinding , and the remainder more of a liver colour, slaked for mortar The lumps 
were brat broken tolcribiy small by hand, and then crushed still smaller between iron 
] oilers revolting in the hopper of the grindstones These rollers were at hnt made 
fluted, but It was found that strong projecting cogs did the work more effectually 
1 hi hopper was fed with lumps of lime by an endless chain of small wrought iron 
buckets worked by the engine It was intended that these should be self acting, and 
dridge the lime up from a well , but it was found necesaary to have a mao coustantly 
fieding them with a spade, or the supply was not regular. 

M Ik lime w as ground to a fine powder between two pairs of horisontal French burr 
millstones , the upper o c revolving at a iqieed of 90 revolutions per minute bach 
pair of stones was able to grind 8 tons of quick-limc per hour, at a total cost for 
gniidi ig of Id per buslitl when the eonsuroption was Jeo bushels per diem, less, if 
iiioie lime was used 1 his is made up as follows feeding and attending to Uie 
ho| per and liO, Jd , engine power, ^d , measuring the lime into bags for the con- 
tractor, and recutting the stones as the furrows became worn, the remaining id A 
bu*>hcl of lime ground fresh from the kiln weighed 84 lbs , and at this weight the 
tot il cost was 1 !)</ In buj mg ground lime from a merchant, if the purchaser bujs 
by weiglit, ho pays for the water abaurbed from the atmosphere, if be bujs by 
lue istiie, he pajs for the expansion oaosed by that moisture the fairest way for both 
parties would be to specify the bushel to be of a certain average weight, aay for lias 
fiom Ljme Regis, 80 lbs This would allow for the lime not being quite fresh, but 
would prevent it from biing too stale 

The grindstones were composed of burrs from the fresh-water beds of the Paris 
basio, set in two radiated rings in cement, and backed np with plaster of Pam and 
mortar The ** i^ts or outside burrs were five inches thick , the central or ** high 
burn ” somewhaJAicker, to allow for the ** swallow,” which is a slight depiessiun 
in the centre of the upper stone, about two feet in diameter, and at most S'' deep 
This acts as a kind of distnbuting reseivoir for the lime as it falls from the hopper 
between the stones 

The face of the stones was divided into ten ” qnarterings** by ** master farrows/* 
each of them being tungential to sn imaginary circle concentne with the stone, and 
called Its ** draft.” The size of this regulated the quantity of lime paning through 
the stonee in a giren time A radius of five inches wu found to grr^ ninety 
busheis per hour of a sufflciently fine quality The particles of lime, whirling round 
near tiie centre of the stone, by their centriAigal velocity pass towards the outside 
along the master frirrowB, ^ing ground finer aa they recede from the eentnl 
(UpiesBion Eaeh master farrow had two other distributing fhirows leading out 
of It, parallel to the former master furrow. The iUtrowa are ihnllow groove*, 
or rathtr nicks about inch sdde, with the outjkiiig edge sharp, and the Olhff 
belt lied 

Ihe hjdrauKc lime being thus prepared, it wm employed in dlfO fcsmeiioii ^ 
the required bed of concrete This was formod by cementing • mixtiM e» 
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•and and gravel luch as is formed in Um Ixmdon basin,— called ** ballast,'*— in the 
following niduiicr. 

Wbiu the ballast was moderately dry, 12 cubic yaids of grsTel and t enbic yards 
of lime made 11 cubic yaids ol concrete, mixed and deposited. Tbs sbfinbsgo 
from the dry luaterials was then 22 per cent ; but if (he ballsat bapiMned to 1 m 
very dry, the shnnkags was more, and the same quantitidt mada only 10 eubic 
yards. 

A cubic }ard of concrete requires about thirty-eight gallous of witgr to bring the 
dry materials to the requibite state of fluidity Of this quantity nearly #fght g^ions 
enter into chemical couibination with the oxide of calcium in the lias, and thirty 
gallons are either absotbed iiiu hanirally by the pores of the lima, retalaid by 
oapillaiy attraction between the grams of sand, or lost by evaporattun, AIUy tbe 
couert i« has been mixed and di posited, a gradual expansion takes plaee fboro the 
cheniicul action of the limi slaking , tbe less oi tins swelling, however the betur, as 
it disturbs the aetlmg the mortar round the pibbles, and causes fnnbiht> m the 
rone n u Whcnt'vt r coneiete is made with quick lime (as it usually is), theia must 
be u liiUin amount of fnabiUiy from this cause; and therefore, when it is important 
to hiitc no swelling, as in bloiks of concrete which ha^e to be lifted, reoounc mbit 
be lud to slaked lime, or else to cement, which eontraets rather than expands in 
setting In the one case the concrete is long in h.irdtning, having more iiioistare in 
It than the lime can absorb ; and in the use of cement more expense is incurred. 
Portland cement is, however, not so expiusivo as might at fiibt appear fVom the 
ceiiu ut being double the price of lime, because the proportion to the ballust may be 
(onsidirahly reduced 

H Y DU A 13 LIO CRANEfi. The application of water-pressure to cranes is due to 
Sii Will. Armbtrong, These arc now bo generally applied, that although the subject 
btl mgs properly to engmcciiug, it is thought advibahlo to include some notice of these 
laluabK and inteiesting machines m this woik. A stafeiuent made, by the request 
of the British Absociatioa in 1854, by i ho inventor himself, so completely explains all 
the tieculiarities of these craiub, tluit the papti is reptoduced from the pioceedings of 
the A«>bocuit)on 

** The employment of water- pi ensure as a meihanical agent having recently under- 
gone a great and rapid development, I may be permitted to make a few observations 
on the 4uccesHive steps by which its present imjiortance has been attained. In so 
doing I shall commence with the year 1846, m which, after many preliminary cx- 
periiiients, I suecetded in ibf iblishing, upon the public quay at llewcastlc-upoii- 
T}ne, the hydraulic eiane whieh has forint the basis of what has since been effected. 

**This irane both lifted the weight and swung round in either direction by the 
pressure of w itei, and was chaiaiUtised, like all other hydraulic cranes since made, 
hy lemarkable prcusion and boftiu.bb of niusement, combined with great rapidity of 
action. 

** The experiment thus made at Newcastle having proved satisfhotory, I soon after- 
wards obtained authority, through (lie mtcrveotioii of Mr. Hartley, the Dock Sur- 
vc\or of Liver|)Ool, to construct best ial cranes and hoists upon the same principle at 
the Albert Dock in that town, where they were accordingly erected, and have ever 
since continued in operation. 

The next place at which these cranes were adojited was Grimsby New Dock, where 
an important step in tbe advancement of tins kind of machinery was made on the 
suggestion of Mr. llendel, who pointed out its applicability to the opening and closing 
of dock gatm and sluices, and lubtructcd me to extend its application to moae objects. 
An extensive system of water-pressure machinery was accordingly carried out at 
that dock, and tbe result afforded tbe first practical demonstration that the pressure 
of a column of water could be advantageously applied as a auhstituie for manual 
labour, not merely for the cranage of go^s, but idro to give safe and rapid ^ect to 
those mechanical operations which are necessary for passing ships through the 
entrauces of dooka 

** In all these instances the moving column of water was about 200 fiset In elevation. 
At Newcastle and Liverpool the supply was derived ftom the pipes eommunicatliig 
with the town reservoirs, but at Qnmshy a tower waa built tor supporting a tai^ into 
which water was pnmped by a steam*engme. la the former coses, flaettoitioii of 
pressure, consequent upon the variable draught ftom the pipes Ibr the todinary 
purposes of eonsumptioo, proved a serious disadvantage i hot this bhleetion had no 
existence at Grimsby, where the tank upon the tower fomished n toftnde souioe of 
power, undisturbed by any interieriog oouditions. Nothing could bs more eftketnal 
for iti^puriKiie than this tower i hut, in the natural ooorie of ininiwremenL I wae 
•ubseqaeatly led to the adoption of another form of aitifleial headt which posieiied 
the aavantage of being applicable, at a comparatively snsill eost, in all 
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ot Icfscning the sise of the pipes aod hydratilic mnehinery, by affording a pressure of 
greatly increased intensity. 

** The apparatus thus sulistituted for a ivatcr tower I named ** the Accumulator*' from 
the circumstance of its accumulating the power exerted by the engine in charging it. 
The accumulator is, in fact, a reservoir giving pressure by toad instead of by euvatum, 
and Its use, like that of every provision of this kind, is to eqtmlise the strain upon 
the engine in cases whcie the quantity of power to be supplied is subject to great and 
sudden fluctuations. 

** I'hS construction of the accnmnlafor is exhibited in Jia, 979, and needs but 


little explanation, a, cylinder, B, 
plunger; c c, loaded weight case; 
]), V, guide s for ditto ; b, pipe from 
pumping engine ; f, pipe to hydiau- 
lic machine. It consists of a large 
cast-iron cylinder, fitted with a plun- 
ger, fh>m « hich a loaded weight case 
is suspended, to give pressure to the 
^ater injected by the engine. 'J'lie 
load upon the plunger is usually such 
ub to produce a pressure in the C) - 
liuder equal to a column of 1500 feet 
in elevation, and the apparatus is 
made sufficiently capacious to contain 
the largest quantity of water which 
can be drawn fWim it at once by the 
simultaneous action of all the hy- 
draulic machines with which it is 
connected. Whenever the engine 
pumps more water into the accumu- 
lator than passes direct to the hy- 
draulic machines, the loaded plunger 
rises and makes room in the cylinder 
for the surplus; but when, on the 
other band, the supply flrom the en- 
gine is less, for the moment, than the 
quantity required, the plunger, with 
its load, descends and makes up tlie 
deficiency out of store. 

**Tho accumulator also serves as 
a regulator to the engine ; for when 
the loaded plunger rises to a certain 
height, it begins to close a throttle- 
valve in the steam-pipe, so as gra- 
dually to reduce the speed of the en- 
gine until the descent of the plunger 
again calls for an increased produc- 




tion of power. 

** The intr^uction of the accumulator, which took place in the year 1851, gave 
a great unapm to the extension of water-pressure machinery, which is now either 
already applied, or in course of being applied, to the purpose of cranage throughout 
all the great dock establishments in London, as also to a considerable extent in 


Liverpool and other places. I have also applied it extensively to railway purposes, 
chiefly under the direction of Hr. Brunei, who has found a multitude of cases, 
involving lifting or tractive power, in which it may be made available. Most of 
these applications are well exemplified at the new station of the Great Western 
Kailway Company in London, where the loading and unloading of tracks, the 
hoisting into warohooses, the lifting of loaded trucks ft^m one level to another, the 
moving of turn-tables, and the hauling of trucks and traversing machines are all 
performed, or about to be so, by means of hydraulic pressure supplied by one central 
steam-engine with connected accumulators. Mr. BencUl also, after having suooessfiiUy 
adopt^ the low-pressure system to the wooing of the gates and shuttles at Grimsby, 
has since applied the high-pressure, or accumulator system, to the same purpoMS at 
other new docks, and a similar adaptation is being made by other eminent engintor* 
at most of the new docks now in course of oonstmotlon. 


** I have also adapted hydraulic machinery to the opening and closing bf awing* 
bridm and draw-bridges of large dimensiops ; and, in fimt, there is aoarea^ anf 
mechanical operation to which human labour has been hitherto applied tf a asars 
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moTing power, which may not be efficiently performed by means of water-pressuru 
emanating from a steam-engine and accumulator. Even if band-labour be retained 
as the source of the power, the intervention of an accumulator will m many cases 
both economise labour and increase dc8[«tch. For exaiiipte, a pair of lieat j dock- 
gates requires the constant attendance of a considerable nuiub^ of men, whose labour 
is only called into action otvasioually, viz. when the gates are being open«l or closed. 
Now, if an accumulator, charged by hand-pumps, were used, the iabsnr employed 
would be constant, instead of occasional, aud the power collected iu tha accumulator 
by the continuous process of imniping would bi.^ given out in a concentrstted form, and 
thus the ultimate result would lie effected with ftwer hands aud greater dcapaioh than 
where manual labour is dm^tly iipplud 

**Tho form of pumping-engine which Igeneially use for charging the accumu- 
lator IS li presented in fig. 090, It consuts of u huriaoiital Bb^am-C} Under, with two 
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force pumps connected directly with the piston. These force-pumps are supplied 
writh water from a cistern over the engine-room, into which the water discharged by 
tlie cranes is generally brought hack b} a return-pipe, so that the water is not wasted, 
but remains continuously in use. 

** With a pressure representing a column of 1600 feet, the loss of head by friction in 
the pipes forms so small a deduction from the entire column as to be a matter of no 
consideration, and consequently tin distance at which the engine ma^ be situated 
from the points where the hydraulic machines may be placed is of little importance, 
except as regards the cost of the pipe. It is advisable, however, if the pipe be very 
long, to apply an accumulator at each extremity, so as to charge the pipe from both 
ends. 

** With regard to the mechanism of hydraulic cranes, the arrangement which 1 first 
adopted, and have ever since adhered to, consists of one or more hydraulic presses, 
with a set of sheaves, used in the inverted order of blocks and pulle} s, for the purpose 
of obtaining an extended motion in the chain from a comparatively short stroke of 
the piston. This construction, which characterises nearly all the varieties of the 
hoisting and hauling machines to which 1 have applied hydraulic pressure Is ex- 
hibited mfig. 981, which represents one of these presses with sheaves attached, to 
multiply the motion fourfold. In eases where the resistauee to be overcome varies 
very considerably, I generally employ three such cylinders, with rami or pistons 
acting cither separately or conjointly upon the same set of multiplying sheaves, 
according to the amount of power paired, 

*« In hydraulic cranes the power is applied, not only for lifting the load, but also for 
swinging the Jib, which latter object is effected by means of a rack or chain operating 
on the base of the movable part of the crane, and connected either with a cylinder 
and piston having alternate motion, like that of a steam-engine, or with two pteases 
appl ed to produee the aame effect by alternate action. 

** The absence of any sensible elasticity in water renders the motions tetnlffng from 
its pressure capable of the most peifeet control, by means of the vslves whieh regolate 
the inlet and outlet passages of the mschinest but this very property, which riyei 
so nuh Mitainty of action, tends to cause shocks and strains to the maohinety, hv 
resisting the momentuoi acquired by the moving parts. Take, for example^ the em 
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<vf an h>diaulic crane, swinging round with a load impeded on the motion 

being pioduced by the water entering on one tide of a piaton and eacaping from the 

981 



other. Under such eirciinistanoes if the water- passages be suddenly closed by the 
regulating valve, it is obvious that the piston, impelled forward by the momentum ot 
the loaded jib, hut met by an un>ielding hod} of water deprived of outlet, would be 
brought to rt'st so abruptly, as to cause, in all probabilit}, the breakage of the machine 
8u also. 111 loneringa hea\y weight with considerable velocity, if the escape -passage 
be too buddciily closed, a siiiiilar risk of injury would arise from the abrupt stoppage 
of (be weight, it a remedy were not pro\ided; but these liabilities are effectually 
reino\ed by applying, in eoiincction with the water-passages to the cylinder, a small 
chick ‘vul\e, opening upwards against the pressure into the supply-pipe, so as to 
permit the pent-up water m the cylinder to be pressed back into the pipe wlienever it 
becomes exposvd to a oouijiressive force exceeding the pressuie on the accumulator. 
B} this means all jerks and concussions are avoided, and a perfect control over the 
inoveuient of the machine is combined with great solluess of action. 

** With regard to the kind of valves ubed fur water-pressure marhines, I find that 
either litt-valves or slide-valves may he effectually applied, and kept tight nnder 
heav} pressures, provided that sand be excluded from the water, and the valves ba 
made of proper material. 

** In cases where a more prolonged movement is required than multiplying sheaves 
will conveniently afford, 1 eiiiplo} rotative machines of various constructions. For 
heavi -pressures, such os an accumulator affords, an arrangement consisting of three 
plungers, connected with a triple crank, and bearing a general resemblance to a three- 
throw plunger pump, is well adapted for the purpose. The adroissiou and exhaust 
-valves are mitred spindles, pressed down by weights and levers, and lifted in proper 
rotation by cams fixed for that purpose upon a separate shaft ; and these valves are 
associated with relief-clacks, to obviate the concussion which would otherwise be liable 
to take place at the turn of each stroke. 

** The IiabilitBr water-pressure machinery to be deranged by frost lias often been 
adduced as an ol^tion to its use ; and upon this point I may observe — flrat, that 1 
have never experienced any interference ftvm this cause woen the machines were 
placed, as they generally are, beneath the inrftice of the ground, or within a building; 
niid secondly, that when they are unavoidably exposed, all risk moy be prevented by 
letting out the water in frosty weather whenever the machines cease working. 

When the moving power consists of a natural column of water, the pressure rarely 
exceeds it50 or 300 feet, and in such cases 1 have employed for rotative acUon a pair 
of cylinders and pistons, with slide-valves, resembling in some degree those of a high- 
pressure engine, but buying relief-valves, to prevent shock at the tnm of the stroke. 
I'tg. 982 shows a slide-vuve adapted for the turning apparatus of a crane, but 
the relief-clacks of which sre cQually applicable to a water-pressure engine cf the 
construction in pestlon. Two of these clacks open against the pressure in the supply- 
pipe, so as to afford an escape for the water, which would otherwise be shot up u tnt 
cylinder when fhe exhaust port olofes, and the other two communicate with the 
discharge-pipe, so as to draw in a portion of waste watgr to fill up small vacaW 
which would otherwise he left in the cylinder on the jNosing of the aduiisci^u ppft 
A| supply pipe . B, exhaust pipe ; c c, pipes to cyKnder j » clacks op8niag sgi«fi» 
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pressure ; e e, clacks opening from exhaust About four years ago I eonitruct« d 
four hydraulic engiues u]>on this principle at Mr. Heaunutnt’s lead miuM in North- 
utiilMiriaud, at the insiaiioe of Mi. Sopwith, Mr. 
Beauiuont'a well-hnovi n and two more hare 
ric(ntl> heeu added at 1 1 >« same place. They are 
used for crushing ore, Un hoisting maAenais from 
the mines, for pumping water, aud for driving a 
circular H,iw and otner 111 icliiner> llee IIyiibau'- 
Lit M VC uiNHUv, for mw t 

‘•If in progreas of time rutUays should be ge- 
ii(.iuU> extended into niouutaiuoiis diMneis, so ns 
to render thdii uecessible for nianufjoturing pur 
poses, the rajad streams w lech abound iiisueh local- 
ities will probably become \uluablesouu>fS of 
power, iUid a wider fleid inu} then he udoided foi Ijic 
application of water pri ssuie engines to miturul falU. 

“ I he object, howi ver, which I have cliieily bad 
in view since I first gave attention to this suhjee t, 
has been to provide, in substitution of nmnual la- 
bour, a niithod of working a multiplicity of iiia- 
chtnes iiiterniittcnt in their action, and exicnding 
o\er a large area, b> means of transmitted powir 
priKluccKl by a stcani-cngino and iiccumulutcd at 
one central point. The coniinoii mode of coniiiiu- 
iiicating power b} shafting could onl} Ih‘ applied in cases wlitMc tlie nicichines weic 
collected within a snull compass, aud where the accumulation of power necessary 
to meet varjiiig resistance did not cxceid that which u lly-wheel would atlord. 
I'ompressed or exhausted aii was almost eoiially inapplicable to the pin poses 1 con- 
templated, in consequence of the many objections which its elasticity involves, as 
well os the liability to leakage, which, iii an extended system of pipes and iinichines, 
nquiring a multitude of joints, valves, and fitting surfaces, would form an insurmount 
able difficulty. But the use of water as a medium of transmission is free from all 
tiiese objections, and its fitness for the purpose intended is now ihoiougblj established 
hi the results which have been obtained.*’ 

HYDRAULIC LIMESTONE. See Hydbaulic Ccment. 

HYDRAULIC MACHINERY FOR MINES. Considerable attention has been 
given to the construction of pressure engines by Mr. Darlington, who was actively 
engaged some years since in effecting the drainage of the Alport Mines, in Derbyshire. 

The first engine erected by him had a cylinder 50 inches diameter, and a stroke of 
10 feet ; the piston rod passed through the bottom of the cyliudei and formed a con- 
tinuation with the pump-rod, whilst the valve and cataract gearing was woiked by a 
rod connected with the tx>p of the piston, which gave motion to a beam and jilug-rod 
gearing. The column of walci was n2 feet high, affording a pn ssure on the piston 
of about 58 pounds per square inch, or more than 50 tons on its area. The water 
was raised from a depth of 22 fathoms, by means of a plunger 42 inches diameter, 
and in verv wet seasons it discharged into the adit nearly 5,000 gallons of water per 
minute. Water was admitted only on the under side of the piston, and in order to 
avoid violent concussion in working, two sets of valves were employed, the larger 
being cylindricnlly shaped, 22 inches diameter, and the smaller 5 inches diameter. 
In making the upstroke of the engine the cylindrical valves admitted a full flow 
of water for about {the of the strok^ and then commenced closing, but ut thia stage 
the small valve opened, through which passed aufiSeient water to terminate thesttoke. 
In this way the flow of water in the column was gradually slackened, and finally 
brought to a state of rest without imparting impact to the machinery. The speed of 
the engine was regulated by sluice valves, one fixed between the engine and the 
pressure column, and the other upon the dlsoharge-pipe. 

The cylindrical valves were made of brass with a thin featl.ur-cdged beat, and kept 
tight by a concentric boss, pr jecting from the nozale, upon which hemp packing was 
laid. This was pressed down by a projection in under surface of the vMve 
bonnet The water thus acted on the exterior of the valves between ^e none of 
packing and the seatings, and when opened passed through the latter. Besides this 
engine, others of a different construction were designed and erected by Mr. Darlington, 
but the one to which he gave preference fior simplicity, cheapness, and fljaoothness of 
action, is illustrated in the woodcut See/p. 982a. 

This engine has irae main cylinder a, resting on strong cast-iron bcnreis b b. fined 
across the Aaft The piston rod c, is a oontinnntion of the pnmp-rod e, and irorks 
through the cylinder bottom i>. In front of the cylinder a, m a smaller one B, with 

es 2 
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differential diameters for the admission and emission of water, and right and left are 
sluice Tulves not shown for regulating the speed of the engine. Connected with the 
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Beeond cylinder is a amall 3 inch anxlliary cylinder f, provided with inlet and outlet 
reinilating cocks 

in starting this engine the sluice \alves and regulating oockf are opened, the water 
then flows from the pressure-column o, into the mUn ey tinder A, through the noaale 
C} Under a, and acts under the piston H, until the uutroke U eompleted The piston 
1 , has a counter piston x. of lai^r diameUr, and when relieved from pieCsiire on its 
upper surface, the water acting between them foreec it iipwanUL in which case the 
piessore is cut off from the main piston, and the water contained in the eylioder A,is 
free to escape under the piston i, through the holes l. With emission of water 
from the main cylinder through m. the downstroke is effected The downward dis- 
placement of the pistons i and x, is performed by the auaibary cylinder v, and pistons 
N, o , tlu‘ pressure column is continually acting between those pistons, and by their 
alternate displacement by the fall-bob i*, and canti-arbor 4 The water is either 
admitted or prevented from operating on the up|icr surface ot the piston k The water 
from tht tiip of piston x, es( a])es through the aperture n. The motiou of the canti- 
arbor g, 14 effected by tappeth fixed on the pump rod a 

The largest cylinder erected was 35 inch* s diameter; stroke 10 feet, pressure column 
237 feet high. Ita average speed was 80 feet, and maximum sp^ 140 feet per 
minute. The probsure of wattr under the piston was 98 pounds per square inch, giving 
a total weight on its area of about 40 tons. The machine required no personal 
attendance, the motion being certain and continuous, as long as the working parts 
remained in order ; consequently the 
co<it of maintaining it was of the most 
tnfling character. 

In 1803, Trevithick erected an 
engine at the Alport Mines which 
w orked continuously for a period of 
forty 'Seven years, or until 1850, 
when the mines ceased wot king. 

The water from the pressure column cJ 
acted on alternate sides of the main in j 
piston, by means of two piston 
valves, displaced by a heavy tumbling ^ 
beam, and tilted by a projection fiom 
the pumii-rod. The conitriiction and 
action of this machine will be best 
understood by the accompanying 
illustration, 9825, 

A, mam cylinder, B and c, valve 
pistons; D, chain wheel upon the 
axis of which is fixed a lever not 
shown, in connection withatuinbling 
beam ; e, aperture through which 
w ater enters flrom pressure column ; 
r, pipe in communication with main 
cylinder A. and g, pipe for dis- 
charging the water admitted both 
aliove and under the main piston n. 

The position of the valve pistons in 
the woodcut shows that the pressure 
column is supposed to he flowing 
through the holes X, upon the piston h, 
producing a down stroke, and that 
tiie water which haabeen introduced 
under this piston in order to make the 
upstroke Is leaving through the pipe 
F, holes X, and onuet pipe a. 

The applicationaofpi^arederi ved 
from natural fklla has been extended 
tTy Sir William Armstrong in 
flowing manner. 

llhien the moving power eonsista 
of 1 eolttmn ct water, tke iitMMre nwdy execeda 91 0 or BOO ftat t tad tn loOh 
eawa he lias emploT^, to produce rotary motioii, a pair oferUadenandiiiitiuia 
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ore greatly aimplifiid, and in fact are reduced to a single clack in connection with 
iM h cylinder, opening against the pressure, which is the same as the rtliif valve in 
till valve chest of the hjdraiilic crane Ihe water pressure eiigims ericted at Mr 
ih aiiiiiout's lead mines, at Alknhiads iii Norihumberlaud. present examples of such 
engines applied to natural falls They were there introduced under the adMceof 
Mr Sopwith, and are now used for the various purposes of crushing ore, raising 
materials fW>m the mines, pumping water, giving motion to machinery f* r washing 
and separating ore, and driving a saw mill and the machinery of a woikshop In 
all these cases nature, assisted hy art, has provided the power. Small streams of watc r, 
which flowed down the steep slopes of the adjoining hills, have been collected lutu 
reservoirs at tle\ations of about 200 feet, and pi]>CH have been laid from these to the 
engines 

Another application of h}diaulic machinery at the same mines is now being made 
in situations where falls of sufficient altitude for woiking such engines cannot be 
obtained, which from its novelty deserves special notice For the pur|K)se of drain- 
ing an extensive mining distiict and seaiching for new veins, a diilt or level 
neat ly six miles in length is now being execute d This diift runs beneath the valley 
of the Allen nearly in the line of that river, and upon its com be three mining cbtablisli- 
ments are being formed. At each of these powi r is requited for the vatious purposes 
aliovc mentioned, and it was desired to obtain this power without resorting to steam 
engines The rner Allen was the onl> resouice, hut itb descent was not sufficiently 
rapid to permit of its being advantageously applied to watei piessmc engines On 
the other li ind, it abiiuiidid with fulls biiitahle for overshot wheels, but these could 
not he applii d to the purfioses required uitliout piovibioii for conveying the power to 
many separate places Under these circuiii'^tanees it was detei mined to employ the 
btreuni thiough the medium of oveishot wheelb in forcing water into accuniulatois, 
and thus generating a powii capable of being traubmitted by pipes to the numerous 
pointb win re its agency was reqiiiied 

A somew h it similar plan is also adopted at Portland Ilaibour, in connection witli 
the coaling establishment there foiming for the use of the navy The object m that 
case is to provide power for working hydraulic cranes and hauling machines, and 



more particulariy for giving motion to machinery arranged by Mr. Goodeiibr putting 
coal into war steamers. A reservoir on the adjoining height i^orda an avaiUblc 
head of upwards of 300 feet ; but in order to diminish the siae of the pipes* ctUw*** 
and valves connected with the hydraulic machinery, and also with a view of obtain* 
mg greater rapidity of action, a hydraulic pumping engine and aooomalator en in* 





■ceomulator, c. The accumulator mm ii mounted with two eonoentrio boiei, <Ld 
one for affoi^ing the pumping, the other the winding, preMum. * 

As the power required is of an intermittent character, the steam engine is con- 
trolled by the screw and weight, «, actuating the throttle-vaWe,/; and in older to 
guard against the (loasibility of the ram rising beyond prescribed limits, a waste 
valve, y, is operated upon by the rod and stop, A. From th< accumulator, wrought- 
iron pipes h\ fitted with cast-iron flanges, extend through an engine shaft 60 fathoms 
in depth, and a level 1,500 feet in length. These pipes or main terminate ifi a 
feciproeating pOle-englne,>?y. 08fid;y, having a stroke of five feet ; A, A ate inlet Snd 
outlet regulating-valves; /, momentum Tulve for obviating the cooenssion which 
would otherwise result firem suddenly arresting the flow of the water t m, 
slide-valve, actuated by the canti-lever, u, and ball, o. The pump-rod is attached to 
cross-piece, q, and the pump itself if shown at c. 

Tocompensatef^any excess of weight in the pomp rods, a balance, 4 is eooneoted 
by means of a chain with the cross-head, u. The detailed eirangement of die theft 
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M veil as tho hydraulic vinding-engine, is not shorn n, but this machine is also 
dependent on the accumulator for its power The pressure applied is 750 lbs. per 
square inch. No leakage of vater is experienced at the joints, and in every respect 
the performance of the apparatus is most satisfactory. 

In this arrangement, intensity of pressure takes tlie place of magnitude of 
volume, and the power assumes a form susceptible of unlimited distribution and 
division, and is copable of being utilised by small and compact machines. The 
writer has recently applied engines fitted with two cylinders, each liinch diameter 
and seven inches stroke, to the winding of underground tackles or w mdlasses. 



Fig, 982e shows an illustration of Armstrong’s rotary water-pressore engine. It 
rendered doable acting by bringing the force to bear four times in the orank-circl& 
The cylinders are made to oscillate, and the plungers are attached directly to t^ 
crank-pin. A piston is formed at the inner end of the p1anger» and water is admitted 
behind the piston, while the fhont is placed in eommhnication with the prennfW’pip^ 
A is the presBure pipe j B, the exhaust-pipe s «« goTemor-TBlTC | w, o, elide valvsi 
TOT producing admission and emission to and firom the cylinder, o,|>| 
pl^ o<minanicatiog with the cylinders, c, x>, in front of the pistoiL We 
IllST** motion from the oscillatory movements of the eflinden, end ■wot*®* 
ordinary Dahape pattern. ^ ^ 
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"hydraulic press, ortbe BRAMAlnPiiESS. Mr. Bramah took his patent 
in 1796 It ri>8t8 upon the well-known hydrostatical principle^ that when a mass of 
fluid is in equilibrium, presiiurc applied at any part of it is transmitted over its whole 
mass, and each particle sustains &e same pressure as every other particle. In its 
sioiplest form, it coMsists of a large piston moving in a water-tight cylinder, the 
bottom of which is filled with water, which also communicates by tubes filled with 
water, with the bottom of the cylinder of a small forcing pump. The water in this 
last is submitted to any pressure we may wish to apply, and that being transmitted 
to the large piston, lifts it up, moving along with it whatever may he connected with 
it. The apparent gain of power is just in proportion to the difference of areas of the 
sections of tlie pump and of the cylinder. If the one, for example, have a radius of 
only one-fourth of an Inch, and the others one of ten inches, the area, being in the 
proportion of the squares of the linear dimensions, will be as 1 to 1 ,600 ; and the 
apparent gain will be exactly proportional to this difference. 

HYDRIODIG ACID (ilcii/c Hydnodiqne^Vr.i ffydnoiLaiire, Germ.) is an acid 
formed by the combination of 127 parts of iodine with 1 part of hydrogen by weight, 
and by measure equal volumes of iodine vapour and hydrogen combined without con- 
densation. It is obtained pure and in the gaseous state by introducing into a glass 
tube, closed at one end, a little iodine, then a small quantity of roughly powdered glass 
moistened with water, upon this a few small fragments of phosphorus, and lastly more 
glass ; this order, iodine, glass, plKisphorus, glass, is repeated until the tube is two -thirds 
filled A cork and narrow bent tuhu are then fitted and gentle heat applied, when the 
hydriodic acid is libcrati.d, and may be collected in dry bottles by the displacement of 
air. A nother process is to place in a small retort 10 parts of iodide of potassium with 
5 of water, add 20 parts of iodine, then drop in cautiously 1 part of phosphorus cut 
into small pieces, and apply a gentle heat ; hydriodic acid will be formed abundantly, 
and may be collected as before stated The following equation expresses the reaction : 

2KI + 5I ^ P + 8HO yield 2KO,HO,PO» + 7HI. 

Hydriodic acid ^atly resembles hydrochloric acid ; it is colourless, and highly acid, 
it fumes in the air, and is very soluble in water. Its density is 4*4, and under strong 
pressure condenses to a yellowish liquid, which solidifies at 60^ Fahr. 


water, and passing a stream of washed hydrosulphuric acid through it until the 
colour disappears ; it is then heated to expel the hydrosDl|iharic acid^ then allowed to 
rest, when it may be decanted fVom the precipitate of sulphur. The reaction oontiata 
simply in the displacement of the Bolphnr by the iodine, HS -i- IsHI + 8. 

This liquid may be eva.mrated until it acquires a density of 17, when it consists of 
HI+llHO. It then distils at 262^ Fahr. without decomposition. The solution 
cannot be long kept, it being decomposed by the oxygen of the air with the liberation 
of iodine, which imparts a dark colour to it. Chlorine decomposes It instantly, with 
liberation of the iodine. 

The solution of hydriodic acid and of the iodides possess the power of disaolvina * 
considerable quantitv of Iodine, forming a dark solution.'^H. K. B. 

HYDROBENZOIN. A eomponnd prodneed by the aetion of naieent hydroaen 
on Aydriifo— Btlter Almmd Oil See Bxhioub. ^ 


HTDRO-CABBONS. Compoiiiids eonsliHng of carbon and hydrogen only. Bee 
Cxmuwrm Htdbooiii} lee also Watta’ Dictionary ^ ChemistiTr 
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JIYDROBROMIC ACID I!Br. S^e Brohinb 

HYDRO CARBON See CABnuR&TTi>i> Ihnnooir 

IlYDKOCHLORK' A( II> (Chhrhwhnquit IV , Vo/Atoi/if, Ocnn ) A compound 
of chlorine and h)d<ogin whith i8 a coTourksb gas of a peculiar Buflucating pungent 
odour , It reddens \ ( gi tahU blues, but posstMUS no bleaching properties 1 he solution 
ol ludioehlorie uidin water is the muriaik acii» and seiBiror bvltoI commerce, 
anciently Manne Acui 2 volumes of chloiii caiid 2 volumes ol hydrogen combine 
to form 4 Noluniesof this ueid HC I » eq 16 5 It is best prepared by beating a 
mixtiin of 6 ])arts ot chloiide of sodium (jummon wit) and lU parts of concenti iMd 
sulpliuMc acid pi evioiitily diluted with 4 pirtn of witir, ina capaeiousg'ais retort eon 
uee ted with u se t of W oolte s Imttles This acid is e xtracted on a 1 irgt scale from si t- 
aalt, by the netioii of siilpliuric acid and u niodeiate heat , but it was originally obtaimd 
from the a ilt by exposing i mixture of it and of common clay to ignition in an earthen 
retort The acid gas which exhales la rapidl} condensed by vatei 100 cubic inches 
of water arc copiblc of ahsoibing no less than 48,000 cubic inches ot the acid gas 
win rtby the liquid acquires a specific gravity of 1 ilOO and a volume of 142 cubic 
inelus 'Ihis vast condensation is accompiinic d a ith a great production of he it , 
whence it becomes necessary to apply irtiheial refiigeralion,ebpteially if so strong an 
acid as the above is to be picpared In general, the muriatic acid of comiiieiec hss 
a specific gravity varying from 1 15 to 120, and contains, for the most put 
considerably less than 40 parts by weight of aeid gas in the hundred The abov 
stiongci acid contains 42 68 pel cent by weight , for since a cubic inch of watei, 
which weighs 252 5 grams his absorbed 4S0 cubic inches — 188 giaius of gas, and 
352 5+ 188 >-440 5 then 140 5 188 100 42(8 In gei erul a eery good approx i 

matioii may be found te the peicentige of n il muriatic icid, in m} liquid sample, by 
multiplying the decimtl hgiiies of the spe e ifie graiit) by 200 Ihus, foi example, at 
1 1(2 we shill have by tins lulc 0 102 ^ 200 ==‘12 4, lor the quantity of gas iii lUO 
puts of the liquid Muriatic acid gis consists of ehlonne and hydiogen combined, 
without condensation, in equal \olunies Its specific giuvity is 1 247, atr^ 1 000 

scaling up muiiute of ammonia and sulphuric acid, apart, m a stiong glass tube 
re curved, and then causing them to act on each other, Sir II Davy piocured liquid 
muriatic acid He justly observes, that the generation of clastic substances in close* 
> e8«i Is, I ither with or without heat, oifeia much more powerful means of approximating 
tlun molecuh 8 than those depv ndent on the application ot cold, whethci natural or 
aitiflei il , for as gases diminisned only in volume for esery degree of Fahrenheit s 
sc lie, begmnmg at ordinary tempeiaturcs, a very slight condensation onl> can be 
piodueed by tbe most poweiful fietaing mixtures, not half soomuch as woull result 
ft 0111 the application of a strong flume Co one part of a glass tube, the other part being 
of ordinary temperature , and when attempts aic made to condense gases into liquids 
by sudden nurhanieal coiiiprctoion, the heat luatautly generated presents ifoiniidabLe 
obstae ie to the success of the experiment , whereas, in the compression resulting fiom 
tlieir slow geneiation in close vessds if Ae process be conducted with common pn - 
cautions there is no soiiiee of difiSculty or danger , and it may be easily assisted b> 
artificial cold, in coses where gases approach near to that point of compression and 
temperature at which thiy become vhpOurs.— Rlbl Trana 1823 

Ihe inmiatic acid of commerce has usuallr a yellowish tinge, but when chemically 
pure It IS colourless It fumes strongly in the air, emitting a corrosise vapour of a 
peculiar smell The chaiaotlmstio test of muriatic acid«in the most dilute state, is 
nitrite ot silver, w^^ causes a curdy precipitate of chloride ot silver 

J he preparation^ this acid upon the great scale is frequently effected m this 
country by acting upon sea salt m hemispheiical non pots, or in cost iron cylindeis, 
with eoiieentrated sulphur c acid , taking 6 parts of the salt to 5 of tlie acid Ihe 
mouth of the pot may be coicred with a slab of siliceous freestone, perforated with 
two holes of about two inches in diameter each, into the one of which the acid is 
pouied by a funnel in successive (oitions and into the other, a bent gloss, or stone- 
ware tube, 18 fixed, foi conducting the disengaged muriatic gas into a series of large 
globes of bottle gloss, oae-third filled with water, and laid on a sloping sand bed A 
wiik 18 commonly employed for working off each pot , no heat being applied to it ti 1 
the sicond day 

The decomposition of sea-salt by sulphuric acid was at one time qgmed on hv 
some French manufacturers in large leaden pans, 10 feet long, 6 feet bro^ and a foot 
deip, coveied with sheets of leads, and luted. 'Ibe diseng^fed acid gas was made to 
ciuulate m a conduit of glased bricks, nearly 650 yards long, where it was cdndenseil 
by a shit t of water exceedingly thin, which flowed slowly in the opposite diwetiott 
the gas down a slope of 1 in 200. At the end of this ca^ nearest foe appai«tu>* the 
iiiuriatu acid was as strong as possible, and pretty purai but Cowards the ofoe r 
the* w ater was hardly acidulous. The condensing part orfov apparatus wa« foeHfo*® 
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tolerably complete ; but aa the decompoaition of the aalt could uot be fished la the 
leaden pans, the acid mixture had to Iw drawn out of thenii in c*r«ler to be eOMpletely 
decomjKised in a reverberatory ftimace ; in this way nearly 90 i>er OM. of thu 
muriatic acid was lost. And besides, the great quantitr of giis given off dnrinff the 
emptying of the lead ohunibers was apt to suffocate the workmen, or aeriotialjr ini|iin‘d 
iheir lungs, causing stvere heniopt^sis. The emplo>inent of murtatio acid la so 
inconsiderable, and the loia of it incurred in the pn^oediog procois is of so little 
consequence, that subsequently, both in France and m I'njlaod, sul^mte of soda, for 
the soda inanufactnre, boa been procured with the dissipation of }he fOvrialic acid in 
the air. In the method more litely r«^orted to, the gaseous products air disoharged 
into extensive vaults, where currents of water condense tluin and carry them off into 
tile 1 iver. The surrounding vegetation is thi ri‘by savinl lu soma measure from being 
buriud up, an accident which was previoiutty sure to happen when fogs precipitateil 
the floating gases upon the ^ound. At Newcastle, Li verpisd, and Marseilles, where 
the ninviimptiou of muriatic acid beats no proportiou to the maniifncture of soda, 
tho> process is n«j w practised ui>on a vast scale. 

Tlie apparatus for eomlensing muriatic acid gas has been modified and changed, of 
late venrs, in many different ways. 

rhe Bastrinijne apparatwi. At tlio end of a reverberatory fiimaoe, rectangular lead 
trough or pan, aliout 1 foot deep, of a width equal to that of the interior of the furnace, 
that is, about 6 feet wide, and Gj feet long, is encased in masonry, having its upper 
edges covered with cast‘>iron plates or fire tiles, and placed upon a level with the 
passage of the flame, as it escapes from the reverberatory. Tlie arch wliich covers 
tliat pan forms a continuation of the roof of tlie reverlieratory, and is of the same 
luigtit. 'I'he flume which proceeds from the fuinuce containing the mixture of suit 
and bulphtinc acid is made to escape between the vault and the surface of the iron 
plates or fire tile^, thiough a p«i8sage only 4 inches in height. When the burned air 
and vapours reach the extremity of the pan, they uru reflected downwards, and 
made to return beneath the bottom of the pan, in a flue, which is afterwards divided 
so us to lead the smoke into two lateral flues, which terminate in the chimney. The 
pau is thus surrounded as it were with the heat and flame discharged from the 
rcveiberatory fumflco, A door is opened near the end of the pan, for introducing 
the charge of scu-salt, amounting to 12 bags of 2 cwt. each, or 24 cwt. This door is 
then luted on as tightly as possible, and for every 100 parts of salt, 110 of sulphuric 
acid arc iiourod in, of spi'cific gravity 1*594, containing 57 per cent, of dry acid. 
This acid is introduced through a funnel inserted in the roof of the fumaco. Decom- 
position ensues, muriatic acid gus mingled with steam is disengaged, and is conducted 
thr«)ugh 4 stone- ware tubes into the refrigerators, where it is finally condensed. These 
rtfr gerators consist of largo stone- ware carbovs, called Jame-Jeannes in France, to the 
number of 7 or 8 for each pipe, and arrangea so that the neck of the one communi- 
cates with the body of the other ; thus the gas must traverse the whole series, and gets 
in a good measure condensed by tiu water in them, before reaching the last. 

When tbe^ operation is finishod, the door opposite the pan is opened, and the 
residuum in it is discharged, in the form of a fluid magma, upon a square bed of 
bricks, exterior to the furnace. This paste speedily concretes on cooling, and is then 
broken into fra^ents and carried to the soda manufactory. The immense quantity 
of gaa exhaled in discharging the pan, renders this part of the operation very painfui 
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impoiwibility of completing the decomposition of the nit, lince the residunm must be 
run off in e liquid state, dually, the damage sustained by the melting and corrosion of 
tlie lead, dee., are among the causes why no more than 80 or 90 parts of muriatic acid 
at ri70 are collected, equivalent to 29 per cent of real acid for every 100 of salt em- 
ploved, instead of innch more than double that quantity, which it may be made to 
} icid by a well conducted chemical process. 

'J'hc cylinder apparatus is now much esteemed by many manufacturers. Ftg. 963 
represents, in transverse section, a bench of iron cylinder retorts, os built up in a proper 
furnace for pnMlucing muri- 
atic acid ; and^y 964 a longi- 984 

tudinal section of one retort 
with one of its carboys of con- 
densation. a is the grate ; 9, 
a fireplace, in which two iron 
c} Iinders, c c, arc set along- 
side of each other. They arc 
feet long, 20 inches in dia- 
meter, about ^ of an inch I / 
thick, and take 1 ti cwt of 
salt for a charge ; d is the ash- 
pit ; ee are cast-iron lids for 
closing both ends of the cylin* 
ders ; /is a tube in the pos- 
terior lid, for pouring in the 
sulphuric acid ; g is another 
tube, in the anterior lid, for 
the insertion of the bent pipe 
of hard glased stoneware n\ 

I is a three* necked stone-ware carboy ; A is a tube of safety ; /, a tube of communi- 
cation with the second carboy ; mmmni are the flues leading to the chimney n. 

After the salt has been introduced, and the fire kindled, 83 j per cent, of its weight 
of sulphuric acid, of sp. gr. 180, should be slowly poured into the cylinder through 
a lead funnel, with a siphon-formed pipe. The three-necked carboys may be either 
placed in a scries for each retort, like a range of Woulfe’s bottles, or all the carbo}S of 
tlie front range may bi‘ placed in communication with one another, while the last oar- 
boy at one end is joined to the first of the second range ; and thus in succession. They 
must bo half filled with cold water { and wlieu convenient, those of the front row at 
least, should be plunged in an oblong trough of running aater. The acid which con- 
denses in the carbons of that row is apt to be somewhat contaminated with sulphuric 
acid, muriate of iron, or even sulphate of soda ; but that in the second and third will be 
found to be pure. In this way lOU parts of sea-salt will >ield 130 parts of muriatic 
acid, of sp. gr. 1 *19 ; while the sulphate of soda in the retort will afford froip 208 
to 210 of that salt in crystals. 

It is proper to heat all the parts of the cylinders equally, to insure the simultaneous 
decomposition of the salt, and to protect it from the acid ; for the hotter the iron, and 
the stronger tlie acid, the less erosion ensues. 

Some manufacturers, with the view of saving fiiel by the construction of their fur- 
naces. oppose to the flame as many obstacles as they can,itnd make it perform numerous 
ciiculations round^e cylinders ; but this system is bad, and does not even effect the 
desired ccoooiiiy, Clause the passages, being narrow, impair the draft, and become 
speedily choked up with the soot, which would be burned profitably in a fr^r space ; the 
decomposition also, being unequally performed, is less perfect, and the cylinders are 
more injured. It is better to make the flame envelope at once the body of die cylinder; 
after which it may circulate beneath the vault, in order to give out a portion of its 
caloric before it escapes at the chimney. 

The fire should be briskly kindled, but lowered as soon as the distillation com- 
mences ; smT then continu^ moderate till the evolution of gas diminishes, when it 
must be heated somewhat strongly to finish the decomposition. The iron door is now 
removed, to extinct the sulphate of soda, and to recommence another operation, 
sulphate ought to be white and uniform, exhibiting in its fracture no undeeomposed 
sea* salt. 

liquid muriatic acid has a very .sour corrosive taste, a pungent suffocating smell* 
acts very powerfully upon a vast number of mineral, vegetable, and animal sahitam^ 
It is much enipluyed for making many metallic solutmns ; and in combinasloB wim 
nitric acid, it forms the aqua regia of the alchemists, so call^ from its property of o“' 
■OlvinggoU. SMSoBiLlllAwdllpTUU. 
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HYDROCYANIC ACID Cyanhydtic acid^ Prwaw ocic/, C'NH This 

highly important acid is ri gardcd b> all chimists as ^ing formed on the enact type 
of the ordinary inorganic hydracids, such as the hydrocblorio or hydnodic. The 
eomponnd radical analogous to chlorine, which is contained in it, haa received the 
name of cyanogen, and posbesscs the formula C*N That this body is precisely 
analogous in its relations to the simple salt radicals is rendered certain by numerous 
fhets It combines diitctly with mttals to form compounds , it possesses the same 
rapour Tolnme, and unites with hydrogen to form a hydracid, which in its turn 
decomposes the metallic oxides with formation of water Thus we have, with metallic 
oxides and hydrochloric acid (M standing for a metal), MO + IICl -iMCl H- HO^ and 
with hydrocyanic and meiallic oxides (Cy standing for cyanogen), MO-f HCyaiMOy 
^ HO Two volumes of chlorine and two of hydrogen y leld four volumes of hydro- 
chloric acid gas, and two volumes of cyanogen with two of hvdrogen yield four 
volumes of hydrocyanic acid The density of the vapour of hydrocyanic acid is 
consequently 0 9476 The theoretical number being 0 9342. Its density in the fluid 
state IS 0 6967 at a temperature of 64 4^ It boils at 80^ F at ordinary pressures. 

Hydrocyanic acid is never prepared in the anhydrous state except as a curiosity 
or for the purpose of teientiflc investigation. In foct it cannot be long preserved of 
great strength , a somewhat complex decomposition invariably taking place in it, 
with production of brown adhesive matters containing cyanide of immenimn, and 
also a sabstanee by some conaiderad to be an acid, and known as the asnlmie. Para- 
cyanogen IS probably formed at the same time. The eoostitntion of anlmio acid is by 
no means well known, and even its very existence, u a definite chemical anbetanee, 
» donbilbL It la aingnlar that the presenoe of a mineral acid greatly retards the 
decomposition of pramc acid, especially if it be dit^l||^^rinaeopmlan acid eoose- 
qoently may be preserved of umform strength, mem filled and eleeely stoppered 
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1)ott1oi, fir almoft any length of time Ihe deadly nature of prussic acid unhappily 
causes it to bt onl} too licqucnily ri«orUd to by the dcspaiiing or the murdtrer 
fortunately, howevir, in spite of ito volatility, the chemist possesses excellent means 
^or Its dctiction 

PteparatiOH — 1 H} Irated acid As prussic acid is largely etnpio} ed in medieine , 
but in a very dilute form, it is usu il to prepare it and dilute until of the projicr digit e of 
fitrength 1 he following process for preparing it will be found to give a sitisfuetoiy 
I CBult, and, moreover, it nia^ be performed on any quantity of materials 1 he apparatus 
lor the purpose will vary with the scab on which the experiment is to be made If on 
n few ounei s, glass retorts and flasks answer well, if good condensation is ensured by 
means of a Liebig's coudenst r well supplied with very cold water 11 a large quantiiy 
of prussic acid is to be made, such as severed gallons, tlie appaiatiis should consist el 
a stone a are still, with head adjusted by giinding Ihc head should bccaiablt ol 
adjustment with a stoneware odiptcr to a woini of the same material enclosed in a 
tub of water 1 he joints are to be luted with a mixture of one h indful of aim iid 
meal and five handfuls of linseed m al aoikid with water to the consistence of putly 
A solution of lough chloiidi of c'lleium in water is to be made and pi icid in a laige 
iron pot, with a cover so contrned is to permit the vtill to drop m up to the flange 
10 parts of yclh w |)ni8siate of potash are then to be bruised m a moitir ind mixed 
with dilute Rulpliuric aeid prepaied by adding 6 parts of sulphuric leid (lUnsit^ 1 b50) 
to 42 of Mjtei Jhi head being luUd on, a fire is to be kindled in tiu fuinuce 
under the iron pot and the chloiidi of calcium both is to be kept boiling constantly 
iiiilil *10 purls of acid linve distilled < vet fhe biak of the itill should be placed m 
the funnel whieh eoiiduets the aeid to the \^mehester quirt bottles whieh aic to 
eontaiD the product and apiece of wet bladd i is to be stuUhed o\cr the limiiel to 
pievint evaporation of the acid iiit > the labot itorv 1 he woim used for the purpose 
must be asccrtiiinid to be pcifectlj ele in and, it prussic acid is to be fiequently niadi, 
slio lid be kept speciallj foi that oteriti n Jo each A^incbester i^uait of the acid 
distilling ovei, one di op of sulphuiic acid maybe aided to insure its keeping Hut 
the acid thus | re pared genet illy keeps for o long time even without this precaution, 
owing piobably to small traces of the sulphuric acid being carried ovei duung the 
distillation 

It is quite impossible to conduct the operation so as to yield a product of unifoim 
stieiigth It IS absolutely necessaiy therefore to determine the percentage of real 
lijdiocyanic icid, and dilute it to the required degree It fortunately happens that 
1 gidiu of hydrocyanic acid yields almost exactly ^ grains of cyanide of silsir, for 
one (quivakut of acid « 2** pioduces I equivalent of cyanide of silver »134 so that 
27 134 1 4 9G 1 he acid produced will have probably to be reduced to one of 

tw o standaids , namely, the so called bcheele s strength, containing 5 per cent of acid, or 
the F L , contauiiijg 2 per cent , 100 grains of the former should, consequently, yield 
*25 grains and 100 of the PL 10 giains of cyanide of silver lii either case the cal- 
culation becomes obvious 

2 The anhydrous acid Several procofMci forcondncting this dangerous operation 
nic known , the following is, perhaps, the most generally convenient A large glass 
retort is so arranged that its neck is directed upwaids at an angle of about 45^ » 
a cork fitted to the aperture in the neck connects a glass tube with a bottle containing 
a little chloride of calcium From the latter vessel another tube proceeds to a U tube 
containing fragments of chloride of calcium, and fiom the latter a third, conducting 
the dehydrated s a pflgr of prussic acid to an upright glass tube contained m a mixture 
of ice and salt ullthe retort is placed a mixture of 10 parts of yellow prussiate of 
potash, 7 of oil of vitriol, and 14 of water The retort is to be heated with a charcoal 
file, and the temperature of the bottle and U tube, containing the chloride of calciunVi 
18 not to be allowed to fall below 90°, m order to prevent condensation of the anhy- 
drodv prussic acid taking place anywhere except in the tube contained in the ft'eeaing 
mixture 1 he vapour St anhydrous prussic acid is so dangerous that the greatest 
pie caution must he taken to prevent inhaling the smallest portion 
JhtictKM q/* prusstc acid — When prussic acid exists in moderate quantity in a 
solution It may be detected by first adding a few drops of potash, then a mixture of 
I rotoBulphate and persulphate of iron, and finally a little hydroehlono aeid % a bHgw 
1 luc precipitate indicates the presence of the acid A much more delicate test, and 
( lie that IS applicable when, fW>m the dilution of the solution, the salts of iron are no 
longir capable of acting, is by the conversion of the pru'sio aeid into oulpbocyamde 
of ammonium For this purjiose the prussio acid is to be warmed on a iraleh 
e ith a drop of sulphide of ammonium, until the aolution has become oolourlaMt 
addition of a trace cf a solution of a persalt of iron will show, by the * 

blood red colour, the presence of Abe aoid sought A vdty neat mod* of app yW 
*hi8 test 18 to place one drop of sal|fhlde of ammonium on a watch glass invarlsu 
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another containing the suspected flnid On \wrmg the apparatna m A warm place, 
arranged m this manmr, fur a short time« the upper glaali aiU be found to oontAm 
sulphocyanide of ammomum, which after dijing. wHl be in a ilMe well adapted for 
showing the reaction with a persalr of iron — >C O W 
HYDKODYNAMICS The merhantcal science wiiiib treats of the motion of 
fluids This science has of eouisc, most imp>rtatit heai mgs on the pompingHm^ee, 
watti-whecls, dc , emplo)ed to Iheihtate the optraiton ot the numr It it not hoir- 
Gver possible to embrad this, which bidung^ to mechanical enginceiing, m this worh. 

H\DltO nx niAr lOR a nmuc s urn times giirf ii t » th* niaol|iit& employed 
for cxpi lling tb( wattr fro n woven goods Sec Desk ca r lov 

Il\ DUOILUOHK AC [D It wi>.observ(d by Sewankhardt, in 1070, thaifluor 
spit ill (I oil of vitriol would cat into glass S hteU, in 1 7** 1, determined that this 
]H.culur property wns due to the liberatiou of an acid f^m the floor spar 

]|>diofluoric acid is btst obtained by placing finely powdered fluor spir in a leaden 
ictirt anl twice is weight o( highly cone utnited oil of \ilriol. u gcntlt htat 
th< I IS distil <1 ^(r wliiili must be collected in a hafl n tube, in uliiih by means 
(fit / ug mixtiin , It mue be condensed mte a liquid It i solution ct this acid m 
n lu I ih required, the extremity of the tube from the ret rt is earned into water 
lUdrollii UK acil attacks ghss eith griat k ad mess, by acting on its silica 
( 1 hs iqoD wtiieh iiii) dcbign is to be itched is covirt 1 nith an etching wax, and 
the d bign made in the usiid manner this is placed over a leadtn vessel, in which 
IS a mixture of fluor spar aiiel oil of vi ii 1 u gentle heat being applied hydiofluoric 
Kid e*«( apes and immcdiatilv it tuc kb the glass SecliroiUNi 
IMDltlHjFN dug ai d I r Wayutiioff Germ) A pc imanently gaseous cl 
inentar> I >ds tl c lightest ot all ki own substanceb, its specific gravity being 0693 , 
lOO cubic mchcb wcig) mg under ordinal} pressure and temperature, only 2 14 grains 
It is tlnrcfou nearly 14 '» times lighter than atmospheric air 
] iom Its extrcii e 1 ghtness it w is formcrl} used lor filling balloons, but it has been 
Miperse led f r that put pose by ord nar} coal gas, which can bo obtained at a much 
the tper i ite , the diflereiue of bnoyint power being eompenstted by increasing 
considerably (he si/ ot the bill ion It is itself inflammable, but will not support 
c onibustion In buinmg it combines with oxygen forming water, which contains Jth 
ot Its weight of h^diogin 

It is gcneially pic]artd by the action of dlute sulphuric acid on zino, althongh 
then are minv othti ptoccsses which furnish it as the decomposition of steam by 
lion tilings with the aid of heat, the dicompohidon ot water by electricity, &c 

In the aet of c mbining with oxygen as when burnt m tho oxyhydrogen blow- 
] ip , the gieatest possible heat is obtained, a piece of stout platinum wire being fused 
when placed in the flume, winch cannot be aflected by the greatest heat of our 
liiinaccs 

]1}drogcn is often used in the piocess of soldering metals, in which ease it 
Is requisite to bring the t(\o sui ices of the metul together in a perfectly metalhc 
state at a high temperature llvdrogen effects this completely, by its combustion 
it supplies the heat, and by entering, into comb nation with tho oxygon of the air, 
prevents the formation of oxides, which are so easily formed at the tempemtniw 
required for the melting of the metals, and which, when present, prevent the union 
of the surfaces See Aitooi<mous Soldfhxho 
H} drogen is often usi d also foi the reduction of metals from their different com. 
binatioDS , the reduction is effecud by passing a current of hydrogen over the com* 
pounds heated to redness 

Its use 111 reducing ores on the large scale has been proposed, bat as yet it has not 
been practically applied 

UYDUOOEN, PUOSPUORETTED or PH08PHAM1NE A compoaad of 
hydrogen and phosphorus, PH3 It is spontaneously inflammable when allowed 
to escape into the air See lYatts’ ** Ihctiosary of Chemistry ** 

HYDROGEN, SULPUURETTLD See 8 i7I,phurbtted HTDEoasE 
HY DROMETER An instrument for ascertaining the speciflc gravitiei of liquids 
Raum^'s hydrometer, which is much used in France, and other conntnes of the eem- 
tinent of Europe, when plunged in pore water, at the temperature of KP Fahr ^ 
marks 0 upon its scale , m a solution containing IS per cent of common salt 
(chloride of sodium), and 65 of water by weight, It marks 1 5^ , so that each degree 
IS meant to indicate a density corresponding to one per cent of that salt Set 
ALConoLMETER and Arbometee 

HYDROPHANE A variety of opal which readily imbibes water, and when 
immersed it becomes transparent, though opaque when diy It is found in Hungary 
and in Ireland, near tlie Gtanfs Causeway, and at Creareagb, BallywiHin. 

UYUROSTATIGS 1 he coienoe which treats of the eqmlihiiom of SuldA and of 
the pressure exerted by them 
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HYGROMETER* 


In the engineering anringemenU by whicli water la supplied to towns, hydrostatics 
bctoomes of the utmost importance. The highest possible level is obtained for the 
reservoir ; and fhim this a series of pipes is arranged through all the streets and 
houses. The tendency of the water is to rise to its original level, and hence all the 
pipes are filled with water, and in all such as are below the level of the water in the 
reservoir a pressure upward Is exerted equal to the height of the reservoir above 
that point i and if a hole is pierced in the pipe, the water Jets out with a force equal 
to tills pressure. In the highest houses, the water perhaps only finds its level, and 
flows out without pressure quickly. See Hydraulic Machinery for Minus; 
Hydraulio Crane 

11YOROSULPHURET8. Chemical compounds of bases with sulphuretted 
hydrogen, or hydrosulphuric acid. 

HYGROMETER motst, measKrr), is an instrument which measures 
tbeiMount or degree of moisture in the atmosphere. 

Water, both liquid and solid, alwa} s tends to assume the gaseous form, and in so 
doing exerts an elastic force increasing as the temperature rises, but in a higher 
ratio, and in order that such increasing force may be exerted when water is confined 
in a given space, it is necessary that a larger and larger quantity of water should 
become vapour ; if the weight of water be not increased, its elastic force will rise 
with its temperature, but in a much less ratio. For aqueous vapour, like any other 

g as, tends to expand by ^th part of its volume at Fahr for every degree of 
icreased temperature. The terms saturated and of maximum elastic force arc 
applied to aqueous vapour, when any reduction of temperature or increase of 
pressure causes some of the vapour to be condensed. The temperature of saturated 
vapour is said to be at the dew-point. Thus, aqueous vapour of 60^ Fahr and of an 
clastic force of 518 inches is saturated, and 60° is its dew-point. These remarks 
apply to aqueous vapour mixed with air; differing only in vapour spreading less 
rapidly in a space filled with air than in a vacuous space. Air is said to be saturated 
with moisture when the aqueous vapour it contains is of maximum elastic force, the 
temperature of the air is then called its dew-point 
Daniell’s hygrometer was the first accurate instrument invented of the kind ; it 
consists of a small glass siphon, at each end of which is a thin glass bulb about 
1} inches in diameter, a small but delicate thermometer is placed in the longer leg, 
as much ether is poured into the lower bulb, which is of black glass, as will half 
cover the enclosed thermometer bulb ; before sealing the tube the etlicr is boiled to 
drive out all the air ; the instrument is completed by covering the upper bulb with 
muslin. It is placed on a small brass stand, on which is fixed another thermometer 
whose readings show the air-temperature, at the time the siphon shows the dew- 
point To make an observation, all the ether in the tube ia collected into the lower 
irnlb, and fVoni a tube or bottle a few drops of ether are poured on the muslin of the 
upper bulb, its evaporation condenses the vapour within, fresh vapour flows along 
the bent tu^ from the lower bulb, gradaailY the temperature is reduced, until the 
dew-point of the snrrounding air is reaohed, immediately a film of condensed 
\apour fWnn the air surrounds the black glaas bulb like a ring at the level of the 
ether within it, and if the thermometer be read directly, almost the true temperature 
of the dew-point can be obtained, while the exterior thermometer will give that 
of the surrounding air. The expenditure of ether is an objection to this instrument, 
while its portability is a great recommendation. ^ , 

Subsequently^^veral other hygromiters have been devised, but none that can 
comi^ with IMlpauIt’s Condenser Hygrometer, which is a perfect instrument of 
its kind. It consists of a very thin and brightly polished silver thimble, 46 mm. 
high and 20 mm. in diameter, fitted to a gloss tube, which is again fixed by a smell 
litteral tube, and a metallic tube, to a stand ; the upper end of the gloss tube is closed 
by a cork bearing a thin glass tube descending m arly to the bottom of the silver 
thimble, and a very delicate thermometer, the pear-shaped bulb of which is in the 
centre of the thimble; an exactly similar thermometer, similarly placed within a glass 
tube and silver thimble, is mounted on the other side of the stand, but the oork is 
not penetrated by any glass tube. To make an observation, as much good ether as 
will more than a third fill the thimble is poured iuto the lesser tube of those first 
d( scribed ; the cork is then fitted air-tight and the instrument is put in eonneetion, 
by means of a caoutchouc tube, with a common aspirator. Water flowing from the 
aspirator, air ie drawn through the tube, and babbling up throof^h the etSer, 
a sufficiently rapid evaporation. Afler a mlante or two dew will be frmned on the 
polisliid surface of the thimble, the thermometer should be instantly read, and the 
stream from the aspirator stopped, another reading' sbonld be taken on the inctnej 
of the evaporation of ttie dew; within a few minutei the procem of eoUeeting mm 
evaporating the dew may be repeated many tlmee, and the mean d repeated readififli 
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will give a very exact poiat llie other ihirmometer will g ve theaummnding tem- 
pi ratun Ihe c >atiiDPib ot th 8 mitruniinthaa pn^tnud t)ie w iieral um it deaervei 
Instramtnt mukira lii\e icndcnd it Um eoatly hv < mitting the Btcond tliermom(.ter 
and Its appendages and snbstitutmg a tube of black gla^s U T the silver IhiMifalek For 
ordinary use a common test tube with about inch (pth of cthei, in which is 
inserted a dihcate tube Ih rmometer and a gioas tube nitv be nsed succ««i»fulJy by 
blowing throu^i the tube which should Ik of con^deialle length to reduci the 
fttniKnturc Proibssort onnell has iovemed an hygrouubr white an exhausting 
fringe is used to lower the tempi ratuie 

A more important instrument than either of the above mentioned 1*4 th* i S3 chro- 
nic Ur 01 w i t and dry bulb hygrouit U 1 ^ htle with the oihtrs the Constant repetition 

(t in frpiitmwt 18 necessary this uduies it <«iinpl3 to the r adiug ol an o^trii 
u n It consists of two delicate therun mcUis one recording the o^inaiy tenipeia* 
ture ot tbi air, the bulb ( f the other is coveted with muslin ound t) i i ck a liinij 
wiik K twisted cduluctiBg to a cisum of rain <r distilled witer, tlu li(tt form f 
whiil IS a short h til neck d glass bottle Ihe thennometeis should be exactly 
sin dui nl placid at about iiom 2 to 4 inches apart, and jaiallcl with tach otlici 
m I III d on metal acalee 

Hheu the air is coinplctdy saturated or in that eonditum wlun it will take up no 
moil moihtuie, the ieadni[^b of the two will be the Maine but um the atmosplure 
liioinis dntr, evaporation becomes niori mpil and the mcicui> in the wet bulb 
will iail more or Jess dtgieia ow the ordiuar} Uiiipcintiiie rvi])oiaton will 
jroceid ft om the wet bulb even below the Irccxiug point, but the leidmgs hhoiild 
ti cu Ik taken with gnat cate, as the differences will alwa36 be small 'Jbe 

reiding of the wet bulb will give the temperature of ivajoiation, and fiom that 
and the temperature of the ordinary air has to hi deduced the di w point 
}i\Ml NU A OOURBAllIli A tree growing in South Ameiiea, flrom which 
till risin antnii exudes 

in PLllOXk MURI ATI S The old and incomet name of Chi oratfs 
ll\ poem ORU^ A< m CKP Fq b7 5 When finely powdered chlorate of 
pot ish 18 gradually mixed into a piste with strong sulphuiic acid, and heated in a bath 
oi alcohol and water a 3enow gas is disengaged which is this h3pochlorie acid, or 
the peuxule of c/Uorme Although of much intirest ns a chemical compound, it has 
no usi in the arts See Watts* Dictionary of Cheuiistry ** 

IJYPOCHLOROIIS ACID CIO Eq41b This acid is best obtained by diffusing 
r d oKide ot mercury finely di\idcd thiough twelve times its weight of water, which 
IS iiitroduecd into a bottle containing chlorine and agitated until the gis w absorbed 
All owchloiide of mercury is formed, which is removed by suhsideriee 1 he we ik 
f'uid obtained is put into a (lask, and heated in a water bath, when the evolved gas is 
lullected in a smaller poition of water, which becomes a pure aolution of bypocblorous 
ac id 

J hi salts in termed hypochloiii « See CnLORiurr and RLFArBitra 
llYPOSULPHArrb &a> ne com pounds formed by the union of byposulphutio 
acid w ith bases 

11 \ POSUliPlllTCS Saline compounds formed by the union of hyposulphurous 
and with bases 

Ifypoaulphate of Soda The salts of thi h> posulphunc acid aie obtained from tlio 
bvposulpbate of manganese, which is itself thus preptred find} dividid binoxide of 
m inganisc is suspended in water, artificially cooled, and a stream of sulphurous acid 
} isMtd through it Ifie binoxide gives up half its oxygen, becoming protoxide, 
which unites with the )i} posnlphuric acid which is formed, producing the soluble 
1 yposulphate of manganese, which is separated irom the excess of binojade by filtra- 
tion 

The following equation represents the reaction 

MnO" + 2SO» - Mii0,8*0» 


If the temperature were allowed to rise, iolphnne acid w^uld be formed, and not 
hune — 


li}poBulphu 


MnO« 4- 80> MaO,SO*. 


The hypoBolpburic acid, unlike the hypoeulphnrous acid, may be obtained in (be 
iVee state, and its solution permits even of being evaporated m voeiio, itotil it acquiree 
the density of 1 347 , but if carried further, it is deeomposed into •ulphurio and 
sulphurous acids 

The aeid is obtained in the free state by adding baryta water to the faypoeulpbate 
of manganese, the soluble hyposulphate of baryta, filtered from the oudi of man- 
ganese, and prcoipitoted exactly by tbs cautioua addition of sulphuric aoil and fiU 
VOL. 11 T T 
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ICEIIOrSE. 


It prl fioni the precipitate of suljihatc of baryta, yields the pure solution of the acul 
whuh may he eraporatid tn lutuo^ as above stated 

It has no odoui, l>ut a vety soul taste 

'ih( liyposiilphatc of soda may bo made directly fkom the man^pincsc salt or fioin 
the fret luid 

All th( h} posulphates are soluble , they ha%( not as yet met with an} commercial 
application 

JItipvsulphiU of Smia Ihis salt, no^ so extensively used for photographic ])ur- 
pos(s, iiist iiitioduccd by Sir J Herschel It may easily bo prep4ired by the 
1 tllowiiifr prousH VIZ b} ti msiuittinf.r thmiifrh a solution of sulphide of sodium 
( pn piled b} fiisiiifr tO(if< tlier in u cove led ciueihlc equal wcif;htR of carbonate of soda, 
and fhoids of sulphnt), a stnain of sulphurous acid until it ceases to be absoibed; 
the liquid IS then fiitcied and eiuporated, when the hyposulphite of soda (NaO,S ()- 
•f SUO) ciystallises out. 

Anothci and pci haps hotter pi ocess consists in cliRcstinff a solution of sulphite of 
sodii oil floueisof suljihur 1 he siilplrnr ci idnalh dissolves foi ming a c oloui U sn 
solution, which yields on evapoiatiou ciystils of hyiHisulphito of sodU| the reactmii 
boiiig shown by the following equation — 

NaO.SO* 4 S - NttO.8-0^. 


The har}ta salt may be obtained in smill biiiliant crystals, by mixing dilute 
solutions of ehloiide of banum and hyposulphite of sola 

Tlu h>posulphurous acid is innpible of « listing in thcfrcMi state, for almost imine- 
diatil} on the addition of an acid to tlic solution of its salts, it is decomposed into 
sulphurous acid, with liluiation of snlphui (S O’ SO^ + S ) 

The soluble h} poeul phi tes have the power, in a marked dCfTree, of dissolving certain 
salts of silver, a^ the ehloiide, icMlidc, &e, which are insoluble m water, forming 
With them soluble salts, whose solutions possess an intensely sweet taste, although 
the solutions of the hyposulphites alone possess a disagreeable bittei taste 

Fiom the above leactiun aiises the prineipal value of the hyposulphito of soda, 
which is iise^d by the photographer to dissolve off from the photograph, after the 
action of the light on it, all the undecomposed silver salt, tlius pi eventing the further 
action of the light on the picture. 

A (biiible hyposulphite of soda and gold is used for gilding the daguerreotype plate, 
and fur ecdouiiug tlie positive proof obtained in photographic printing. This double 
salt in 1 } be obt iiiiid in a state of purity, by mixing concentrated solutions of 1 part 
of c hloi idc of gold, and 3 pai ts of liyposulphite of soda , by the addition of alcohol it 
is piicipitatcd , tlu pieeipitdtc must be le dissolved in a small quantity of water, 
unci ugim pieeipitaU'd b} alcohol Its fonnation is explained by the following equa 
tiou — 


b(NaO,S())+ AuCl’« 2(Na0,S'0’ + AnC.B^l^.^CNaO S’O”) + SNaCl 


1 etr ithionate oi llyix)kul)»hite ol soda and gold C hlor 
sods. or DfMlIiim 

HYSON A green tea. See Tea, 


L 

IIIEX An animal of the goat kind, the hair of which is esteemed for some kr ds 
of manufacture. 

K'E Water begins to solidify or to become ice at 32° of Falir. 

K'^EHOUSE. {Glaciue, Fr , JCishaua, Germ ) For the uses of common life* m 
tliese climates, the most economical and convenient means of refrigeration in hot 
weather jnay be procured by laying up a store of icc m winter, m such ciroomstancefl 
as will preserve it solid during summer. 

An icehouse should not be regarded as an object of mere luxury ; in the sottth^ 
countiiesof Euiope it is considered among people in easy circumstanbes as an indis- 
pensable appendage to a country mansion. During the dog davs, espeelally at those 
l>criods and in those distncts where the sirocco blows, a lassitude and torpor of lamd 
and body supervene, wiUi indigestion or total loss of sppetite, and somstiinei 
teries, which are obviously occasioned by the cxdess of heat, and are to bo prevents 
or counteracted chiefly b} the use of cold beverages. By giving tone to the stgffOOb, 
Hcd drinks immediately restore the functions of th# nervous and muscular 8fa*a®J 
when they are languid } while they enable pemons in hcClUi to endure witboaimnco 



ici:iiousE, 


643 


inconvenience an atmosplurc bo close and inltry as aould 1 k) intoleralile aitliout this 
remedy Icehouse k, moreover, afford to country gentleinen a great a^raatage m 
eniibling them to pit serve then fish, halth«.r miut, dead poultry, and game, 'which 
would otherwise, in particulat states of the w(>ather, immediately spoil Coiiaidenng 
at how little expense and trouble an it < house can be coioir Jitod, it is surprising that 
an\ respectable habitation in the country should not hsvi one atta< lied to it The 
simplest and most scieiitifle torin is a double etme, that is, two oiicsjeuned base to base t 
the* one being of stunts or brick-Work, sunk under ground, w ith its api x at the bottom, 
into winch the lee is i ninned, the othn 1m nig a eonicnl i d of larpsntiy covered 
with thatch, and pointiii at top The ciiirauee should be | iaee><* ah'ays on !ht north 
aide. It should consist of a oonidor or porch with double duois, and In screened 
ft mil the sunbeams by a small shruhberv Such arc the piiiKiplea upon which an 
uehoiisc should befoiiiu*d, but they will be beUti understood by the following (\- 
plaiiatioo nnd figure 

A di\ and saiid^ sod if possible should be scliThd , and In r< a eavits i*' to be dug 
about 16 it It in diameter, tciunnating below like the point of a sugar loat. Its 
onlmary depth tor a laniily may lie about 24 feet , but the larger its duiieiisions are, 
the loiif^ei will it preserve the ice, provided it be hlled In digging, the workman 
should slope the ^ound progressively towards the axie of the cone, to preeent the 
earth falniig in. Ihis c micil slope should bo faced with buck or stone wnik about 
one toot thick, and joinU‘d with Roman cement, so as to be air and water tight A 
well IS to be excavated, at the bottom 2 feet wide and 4 deep, covered at top with an 
iron grating for suppoiting the ice, and letting the water dram away. 

n he upper cone may likewise be built of bnek-work, and covered with thatch , sncH 
a I oof would prove the must durable This is the construction shown in OS') 
^Miutever kind of roof be preferred, there must be left in it an oblong passage into 
the iiiteiior This porch should face the nortli, and be at least 8 feet long by 2^ feet 
w idc , and perfectly closed by a well fitted door at each end All round the bottom 
of thiH conical cover, a gather should be placed to carry off the ram to a distance 
from the icehouse, and prcient the circumjacent ground fiom getting soaked with 
moisture 

Tttf 985 shows the section of a w cll-constructed icehouse Under the ice cham- 

bei A tlie ice is rammed into the space a c is the putt of the dram sink d 1'ho 
pomon ]< E lb built in btuk or stone , the base L of the uc chamber slopes inwards 
tow ards the centre at c The upper part of the brick*work f b is a little way below the 
1 ( 11.1 of the giouiid The wooden framework 
» f !• F forms the roof, and is covered with thick 
thatch G H 16 (he wooden work of the door i. At 
K tlic biuket IS seen for lifting up a charge of ice, 
by iiitans of the cord J passing over the pullej x, 
which enables the servant to raise it easily. 

The ICC bouse should base no window to admit 
light, but be, so to speak, hermetically sealid in 
every point, except at its cesspool which may 
ti rminate in a water trap to prevent circulation of 
air 

A clear day should be selected for charging the 
K ( house , but before beginning to fill, a quantity 
of long dry straw should be laid on the bottom 
crosswise , and as the icc » progressively introduced, 

St I aw 18 to be spread against the conical sides, to pre- 
venl the ice flrom coming into contact with the brick 
or stone work The more firmly compacted the ice 
is, the better does it keep ; with which view it should 
be broken into pieces with mallets before being 
thrown in. No layers of straw should be stratified 
among the ice, for they would siake its body porous 
Some persons recommend to poor in a little water 
with the successive layers of loe, in order to fill up its small crevices, and eonventbe 
whole into one mass. 

Over the top layer a thick bed of straw should be spread, which u to he covered 
with boards sormoimted with heavy stones, to close up the intentices in the stmw. 
The inner and outer door ihonld never he opened at once i but the one diould always 
be that befiire the other is t^ned. 

Dry snow well rammed keeps eqoaUy well with hard ice, if care he to leave 
no cavities m the mass, and to secure its oompaetnest bj sprinkling a little water upon 
the successive charges. ^ 

TTfi 
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'i o LcilitatL tlio CTtiaction of the ice, a ladder is set np against its sloping ikhII it 
OIK MfU of the dooi, and lift there duiing the season, 
lee imputUd — 
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If r M AMTPAr riTRF See FnFf/iNo 

It 1 1 AND MOSS (I irhm d Jshinde I r , Jsidndtwhe Fhehtet Germ ) is i liclun, 
thi i ft arw Island ca w huh contains asubstince soluble in hot water hut forming a 
]e1l> when it cools sidled hrluntm b} M Gmiin I his moss is called in the Phann i 
r opa la / tt la n Jslanda i/v It a( pi ii s to h ive derived its name from the circumst ini o 
tint the Icilaiidirs first discovcted its midicinal qualities 1 ichenine is pn p lied h\ 
cxtricting fiist of all from the plant » hitter ct louring matter h> digi sting 1 | ound 
of It in l(i pounds of cold wiiter (ont'uning on oiinci of pearl ash tluri dr lining tin 
liehi II edulconting with cold watei and Im ling it in 9 pounds of boiling watt i till 
9 pounds he (vnporntid liu j lly which forms upon cooling the filtered solution 
IS dirk colour! d hut, being drud and rtdi««solved in hot water it becomes clear ind 
lolourhss Licheninc consists of 39 3 carbon 7 24 hydrogen and 55 43ox3gen 
'I he inncilnge of let land moss is pnfemd in (»< rniany to common piste for dnssing 
tlu wiitp ot webh in the loom biciuse it remiiiis sofl, from its higiometiic qiiilin 
It 16 uls ) mix( d w ith the pulp for sizing pspei m the \at For si veral curious com 
] ounds obtairud fioin led ind moss see Watts* * Dictionary ot Chemistry” 

If 1 I AM) SPAR f rysfalliscd cirbonate of lime, of wrhich the most beautiful 
speciniins aic bn light fiom Icihnd I lit so ire remaikable for their double refrac- 
tion , and hcnie this cr>stil is sonn times callid double n ft acting vpar 

1I)\A A 1 n S TONE A pi culi tr eUli hone stone It is obtained ih>m the oldci 
slate r ekh of the Snowdon disti ct 

ILIXANIHINF A snhbtance derned from the leaves of the common holl> 
whiih might be imploud for d}iing yellow 
ILI OOPA on 'Ih< produce of the Bmia longifohay one of the most iisifiil 
trees grown in Indii Ihe oil might be denominatid a butter as it is solid R’om 
82^ t» 84 1* ihr and liquefies at 90 to 95® Fahr It is iisid in India foi illiimi 
nntiiig piiiposes and for the m mufacture of snip Simplts of tins oil were sent t> 
thi Intern itiimnl I \hibition of 1862 b\ the Singipore 1 icil Committee 

ILI ( I M I N A 1 ION 7 h( me ins ( f dttumimnfj the relative i duts of vat tow sourt i s 
tf tllum noting pouct 

It IS often of the utmost importance that we should be cnnblid with facility t) 
d teiniiuethi iilatiie v lines of the light which we obtain from uitificial soui ( 
ihe oiils w 1 } in which lhi(> can bi effected, is b^ comparing with some stand ir I 
source of light the illuminating sniicis employed Dr Uie who was on sen id 
ec( tsions called on to direct his attention to inquiries of this nature, instituted inn y 
aery ingenious and ixact experiments, to some of thcbc it appeirs important that we 
sh luld diiect espei nil attention Of tlu original paper on the cost of illumination 
mini piitb lue now obsolete, but as much of it is still of considei able practical valu 
flic followfiiig selections have been made, all such being distinguished by Dr Uri s 
Tiami Aitei ^ny experiments to determine a stmidird, Di Uic says — 

** Aftei coMBing lights of m iny kinds 1 find every reason to conclude that a large 
a ax candle “nrie to thi pound, citliei long or short, that is, either 12 or 15 inchis 
m length as manufactun d by one of the great wax-chandlers of London, and fui 
nislied wiih a wiek containing 27 or 28 fhicadb of the best Turkey cotton, is oapabli 
of furnishing a most unifoi m, or nearly invariable standard of illumination. It afioidj 
oiu tenth of the light emitted by one of tho Argand lamps of the Trimly House, and 
oiu-elc\cuth of the light of my mechanical lamp, when each lamp is made to bum 
w Ith Its maximum flame, bhort of smoking ” 

Dr Urc, however, for many of his determinations employed the French mechanical 
lamp known os Carcel s lamp , and m connexion orith tW the following remarks 
ociur — 

* Mr Samuel Paiker, long advantageously known to the public for his simimbral 
and pneumatic fountain lamps, as well as other inventions snbiervient to domestic 
comfoit having obtained a patent for a new lamp, in which the oil is heated by a very 
simple contrivance, in the cistern, to any desired degree, before arriviog at toe wick 
I iiiHtitutcdan extensive sonis of experimints to determine its valiie m ttcprcdccti^ 
of light, and eonsiimption of oil, compated to the value of other latups, a# ” 

1 audits in these respite 

In fuf 986 A, A, B, B, IS a section of the cylinder which ccnatitotei the cish)*^ » 
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the oil bcinfi; cont iintd bctwem the inner and outii cvlindeifi and receM mpi beat fhitn 
the Hamc of the I imp wIikIi paubcs up through the lunci cyhadefi and lii ruier* 
berated iiion ot Itbs aganiht its bides hv the top ol the met el oliiiiine} luing notched 
and bent back d is a slide valve, winch is opi ned to all ^ the oil to deaetnd to the 
wiek, and is shut when the cistern is te» be se pirated from the pipe of supply at B» 
tor the puipoae of reH.hargiiig t with od Ilu flame la mol ned not by laising or 
lowering tl c wick, as in eommon lamps hut hy raising or lowMing the bell-mouthed 
glass eh nuie v which n sts at its bott mi on thioe points an 1 is moved by nn ms of 
th< rack work meehanisui f The t meentiie eylindiio s] i < a i, nud B, u, mui tains 
A piut impeiial, and should le tnide ent rely lull before lighting tl < lamp so as to 
Lcasf no an in the oisttrii which, b> its expsnsioii with tb« liLUt. would inevitably 
euiise an oveiflow ot ihi. od 

Tin tollowing airaiigeiiunt was adopted m tluse expennun s for di ti nnmiug the 
rclatist illuiinnation ol the dtflt rent lights Hiiiii/ triinnud with esc rv f>i ecautioii, 
my 1 1 < M li nice lian I 1 unp nid elurged it with pun spi no ml, f pi u < <1 it u| on iii 
ibhMi til le, at a dihtiiuc of I ) t et from a w ill ou wh ha wiiiti bluet i pip r was 
btmk Ouoot Mr Parkers h t ud lamps, charged with t ipiintitv oi the bime oil, 
wao iliced upon the same tahh , and each biin„ made to tmru witli its iiitMinuin 
brilliiiKy,bh<iitot sinoknu^th relative iliuininUion of the two lumps was dele i mined 
)v the Will known inetheid ot the compiiisoti oi bhulows , a wiie a lew inches long, 
nd ot the thickness of a r low e)Uill being foun 1 suitable lor en ibling the c) e to ebti- 
mate very nieely the bliideoi (he intercepted lif^hl It was observed in numtious 
trills both by my own eyes an I those oi othtrs that when one e>f the lamps was 
shilled halt an inch uean i to or fnrthe i from the piper scieen it caused i perceptible 
diiTerencc iii the tint of the shadow l*i otebsor Wheatstone kindly en ibled me to verify 
the precision of the above method ot bliidows, by ciuploying, iii boine of tho expen- 
ments, a photometer of his own inveiition in who h the relative brightness of the two 
lights wis determined by the telitiie biighliiesb oi the opposite sides of a lesolving 
Bilycrcd bull, illummited by tin in 

*)S0 
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1. Th% mec^ical Tamp was famished with a glass chimney I 6 inch in dl 
at the 1 2 at top , the wi^ bottom part was 1 6 inch long, and the narrow 

upper part 8 inches. When placed at a dtstanee of 1 0 feet from the well its light them 
may be estim^ as the Muare of this number, or 100 la the first series ex^ 
meats, when burning with its maximam flame, with occasioxud flickermgi of 
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it ( a eqtiul to that of 11 wax candles, and consumed 012 gr lins of oil per 
hour. The sperm oil was quite pure, having a specific gravity of 0 874 compaied to 
water at 1 000 In a subsequent series of experiments, when its light was less flickering, 
find equal only to that of 10 wax candles, it consumed only 815giains, orO 1 1G4 of a 
lb. iHT hour. If we multiply this number into the price of the oil (6s. per gallon) 
pel 111 . lid, the pioduct l‘28U*lc/. will represent the lelative cost of this illuiniuation, 
estimated at 100. 

2 'I’he hoi-oil lamp bums with a much steadier flame than the mechanical, which 
must be Hseiibed in no small dtgne to the rounded slope of the bill-moulhcd glahs 
< hiuine>, wheieby (he air is brought progtessively closer and closer into contact with 
the outer surface of the flame, without being fiitiously dashed against it, as it is by the 
lectangulai shoulder of the common contracted chimney. Whin charged with sperm 
oil, and made to hum with its maximum flame, this lamp required to be placed one 
foot further from the screen tliuii the iiiechaiiical lamp, in order that its shadow should 
have the same dejith of tint. Hence, its nlative illumination was, m that case, os the 
square of 1 1 to the square of 10; or as 121 to lUO. Yet its consimiption of oil was 
only b'l6 grains, or somewhat less than 0 1 of a lb per hour. Had its light bien 
1 educed to 100, it would have consumed only 57G grams pci hoar, or *082 of a Ih. If 
we multipl) this number b} lid, the product 0 9U2d. will represent the relative cost 
of 100 of this illumination 

0 The hot -oil lamp being charged w ith the southern whale oil, of specifle gravity 
0'92G, at 2v bd per gallon, or .3,'d. per Ih, when buinmg with its maximum flame, 
required to be p1ac< d 9 feet and 1 inch fiom the screen to drop the same tint of shadow 
npon It ns the flames of the other tuo lamps did at 10 and 1 1 feet with the sperm oil. 
The square of 9 feet and 1 inch « 82 is the nlativc illumination of the hot-oil lamp 
with the southern whale oil. It consumed 760 grains, or 0 111 of a pound per hour; 
hut hod It given 100 of light it would have consumed 911 giams, or 0 130 of a pound, 
which number hting multiplied by its price djd, the product 0‘4875dL will represent 
the relative cost of 100 of this light 

4 A hot-oil lamp charged with olive oil of specific gravity 0*914, at 5s. 6d. per 
gallon, or 7jd. per lb. when burning with its maximum flame, required to be placed 
at 9 feet G inches, to obtain the standard tint of shadow upon the screen. It con* 
Nuiiied 700 grams pel lioiir. The square of 9^ feet is 90 which is the relative lotcn- 
hit} of the light of this lamp. Had it emitted a ligfatoilOO, it would have consumed 
840 giains, or 0 12 of a pound per hour — which number multiplied by the price per 
pound, gives the pioduct 0 9d. as the relative cost of 100 of this light. 

5 A liot oil lamp charged with Price and Co.’8 cocoa-nut oil (oleine), of specific 
giavity 0 925, at 4v. Gd per gallon, or 5jd. per lb , had to be placed 9 feet from the 
stioen, and consumed 10,35 grains per hour Had its light been 100 instead of 81 (90* 
the consumption would have been 1277 grams, or 0 182 of a pound per hour 1 which 
iiuniber multiplied by its price per pound, the product 1 031d. will represent the cost 
of 100 of this illuniiiiation. 

G. In comparing the common French annular lamp in general use with the me- 
ebanical lamp, it was found to give about one-half the light, and to consume two thuds 
of the oil of the mechanical lamp. 

7. Wax candles ft'om some of the most eminent wax-cbandlers of the metropolis 
were next subjected to experiment ; and it is very remarkable that, whether they were 
tliiees, fours, jy sixes in the pound, each afforded Very nearly the same quantity of 
light, fur e q||||equired to be placed at a distance of 3 feet from the screen to afford 
a sh idow of the same tint as that dropped fh)m the mechanical lamp, estimated at 100. 
'1 he consumption of a genuine wax candle, m still air, is, upon an average of many 
expel imcnts, 125 grains per hour, but as it affords only ^ of the light of the mc- 
clitiriical lamp, 11 times 125» 1376 grains, or 0*1064 of a pound Is the quanti^ that 
would need to be consumed to produce a light equal to that of the said lamp. If 
multiply that number by the price of the candles per lb.-«30d. the product «5‘892a. 
is the cost of luo of illumination by wax. A wax candle, three in the pound (short), 
is one inch in diameter, 12 inches in length, and contains 27 or 28 threads, eoen 
about of an inch in diameter. But the quality of the wick depends upon the capil* 
larity of the cotton fibrils, which is said to be greatest in the Turkey cotton, aw 
lienee the wicks for the best wax candles are always made with cotton yam imported 
from the Levant. A wax candle, throe in the pound (long), is } of an inch in diameter, 

1 5 inches long, and has 2b threads in its wick. A wax candle, aix to the pound, » 9 
inches long. | of on inch in diameter, and has ^2 threads in its wick* The light 
of this candle may be reckoned to be, at most, about less than that of the 
the pound. A well-made short three burns with surprising regularity In still air, he*®6 
at the rate of an inch in an hour and a half, so thsd the ifhole candle will left l9 hoom 
A Irmg three will last as long, and a six about 9 J hours. Sp. gr. of wax ^ 

». A Rpcrmnceti candle, three in the pound, is ^ of an inch in diameter^ 19 ilicW* 
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long, and has a plaited wick, instead of the parallel threads of a wax candle.* The 
same candles foui m the pound, aic of ati inch in diainettr, and 13) inebea long. 
Lach gives viry ncuil} tlu saim quanrirv of light as the corresponding wax caudles. 
VIC ^ of the light of the above mei imnu al lamp, and (oimunies 14X giaUis |ht hour. 
Multiplying the last number by 1 1, the product, I5b2 gi h -atCVaia of a pound, would 
lie the coDBumption of spirmaeeti rcquisih to give 100 of illiimiiiattoii Multiplying 
the last number by 241 /, the price of the candles i>er pound, the product, .5 >A2</ is the 
relative cost ol 100 of this lUammation 

9 StKtnt attd candles, comnioi I) calhd Cicrman wnv onsnme IfS V grams, or 

0 024 of a pound per hour when « initling the same light a*4 th sbmdtiid o' candle. 
Multipiving the lattei number hv 1 1 uudby Ibif. (the pnit of the* indltw pi r 11 k), the 
produit 4 224if. will n present the nlatiK tost f 100 of thii* lilnmmation 

10 Tullow candh s moulds short threes, 1 inch in dium< b r, and 12^ in length; 
ditto long threes, of an inch lu dlametei, and 11 in length , ditto, I ng fours, of 
an inch in diaimnr, and 13 J m length Larhof ihise enmih bums with aniosi un 

1 1 rt nil firht, wl u li vanes tiom ^ ofthi light of the mtch iiiual lump - the avt lugo 
iiii> Iw fiiktn at V{ rhethm Monsurntb each 144 graiijh 01 0 2 of a pound pii hour; 
A tin h number, multiplied by 14, and by 9d (the ptice pii pound), gmsthc pioduct 
2 lit/ for the relative cost of 100 of this illumination 

11 ralmtr'it spiiading wiok candles Distance from the screen 1 feet 4 inches 

with a shadow equal to the btaiidard. Oonbuniption of tallow pci hour 2ij t grams, 
or 0 09 12 of a pound "1 he bquare of 3 ft et 4 im In s » 1 1 9 is the 1 clat ivo illumina- 
tion of this candle— 11 9 0 3332 100 . 0*28 x lod es^ll'O is the relative cost of 

this illumination. 

12 Cocoa nut sU urine candles consumed each 168 grains per hour, and emitted a 
light equal to ^ of the standard flame Multiplying 168 by 16, the product 30 88 
gtams, or 0 441 of a lb , is the quantity which would lu consumed per hour to aflbrd 
n light equal to 100 And 0 441 miitiiplud by lOr/, tin price per lb, gises the pro- 
duct 4 44 Id as the cost of 100 of tbiN illumination fier houi. 

13 A gas Argnnd London lamp, of 12 holts 111 a ciicle of J of an inch in diameter, 
with a flame 3 inches long aflordid a light -78^ conqiared to the mechanical lamp* 
and estimating the light of the said mechiuical lamp as before at 100, that of the 
liot-oil lamp IS 121, and that of the above gts flame 78 17, or in round numbers HO, 
and the ctmmon Fteneh htmp m qtneral um 10 

Collceting the preceding rt suits, we bhall have the following tabular view of the 
cost per hour of an illuminution equal to that of the mechanical lamp, reckoned 100, 

01 that of eleven wax caudles, three to the pound. 


Tadll of (''osT per Hour of One Hundred of Iixdmination 


1 . Paikcrb hot-oil lamp, with southern whale oil 
2 Mcchamcul 01 ( arcel lamp, >i*fh sperm oil 
). PaikeVb hot oil lamp, with bp< rm oil 
4 Ditto ditto coniinon olive oil 

1 Ditto ditto cocoa nut oleine or oil 

G Frciie^i lamp in general use, with sperm oil 
7. ax caudles ...... 

8 Spermaceti candles - - . - . 

9. German wax (Stearic acid) ditto . . • 

10 Palmer's spreading wick candles « . • 

1 1 Tallow (mould) candies . . . _ 

12 Cocoa nut stcariiic of Price and Co. 


l*enre Ptiun 

0 4875 or about \d, 

1 2801 • - 1 j 

0 002 - - 1 

0 900 . - I 

J-031 - . 1 

1 7072 - - 

5 892 - - 0 

5 352 - - 5' 

4 224 - - 4 • 

2 800 - 2!^ 

2 120 - - 2 r 

4 41 • - 4i : 


The following table contains, according to Pfclet, the illuminating powers of dif- 
ft n nt candles, and their consumption of material m an hour , the light emitted by a 
Argand lamp, consuming 42 grammes (^42 x 15^ grains) m an ^ui, being 
culled 100 — 



Inteniltj of Light. 

Coniumpfelon per Hour 

Tallow candles 6 in lb. 



Steanne, or pressed tallow, 8 in lb. - 






Wax candles, 5 in lb. 

1361 

871 

Spcnnaceti, 5 in lb. • 

14 40 

802 

Stearic act^ commonly called steaiioe, 


5 in Ih 

14 40 

9*83 
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Till siiljoimd tnlili shows the icononiical ratios of the canUUs where the secoiil 
t I linn ^.ives the (jiidiititv of inatenat in gr iiimiis which u reiiuisiU to produce as 
iiiiK h light nh till < ill oil lamp — 




Qitll) t 

Pric 

1 or Kilo 

io%t fl gl 



M It rill 

1 grAiiiiiM 

II 1 

1 allow cm 111 fipirlb - 

. 

70 1) 

1 1 

40 c 

08 t 

, H per lb - 

- 

8*1 02 

1 f 

40 c 

120 

I*ii bed talloM, 'i p 1 11) - 

- 

08 

2 f 

40 c 

21 r ( 

i\ 1 III Ik 5 pel lb 

- 

f 4 04 

7 f 

60 c 

48 0 1 

S| nil 111 ti ditto, '5 pci lb 

- 

bl 01 

7 f 

60 c 

4’’8 c 

Sti 11 UK, 1 pir lb - 

- 

f " >4 



it 1 i 


llii so results ni i\ In. comniud with mini f,iven above A kilogramme, oi 1000 
giamiiiiB ] 5 410 giuitis i j lbs avoiidup IS — Uu 

'I he ruh obsened in the diteiiiiiiiation ot tin si ipustions of illuniiimting power, 
IS scioiding to till liws of optics, tlmt tin sum of the iiiipingmg lajsfiomany 
8 iiiee IS invirsih as tin s(|uaii of the distiiice fioni their soiirit 
^ 111 nuiiuiicil istiinitior of the d giies of intinsity ol light constitutes that 
hi iiieh oi optics wliiih is tiriii d PnorouiTiir 
* It light bi 11 mitiii il I iniiition, i somithiiig seattend m minute particles in all 
diuc lions It IS obM us tint tin sinii qinntity whieli is diffused over the surface ot a 
s) 111 11 I inci Mine > itli th lunuii nis ] oints, it it continui its eoursi, will suieessiMly 
bi dilliiMlovti Ingn and 1 ir ^ii eoniiiitne splieiiial surlaies, and then its intensity, 
OI the iiiimbei of i ns wliii h fill on a given spaci, in each will be invtrstly as the 
whoK siiil Ills o>ii mIihIi It IS diffusid , th it is, inversely as thi square oi thiir radii, 
01 of tin u dibtaiK s tioin the source oi light l<et a candle he placed behind an 

H iq 11 siriin, iull of sin ill i [uil aid similar holes the light will shine thiou^h 
tins iiid be intitccptcd mall other p irts, formir g a pyramidieAl bundle oi rays, 
Il n iiig till candli in the common %ertex If a sheet oi white paper be placed behind 
this, It will U seen dotted oior with small luminous specks, disposed exactly as the 
Il Us in till senen Suppose the holes so sin ill, their number so great, and the cjo 
so listint fiom till pipit, that it cannot distinguish the individual spicks, it will still 
lie ivt agiiieiil impiessiun of brightness, the piper will appear lUuiiiinatecl, and 
pit SI lit II luutilid appearance, which, howevir, will grow more uniform as the liolis 
me siiiallir und closir, and the eye more distant, and if extremely so, the papei will 
npp ai uniiniul) bright Now if eveiy alternsti holt be stopped, the paper will 
minifistly neiivc only liilf the light, and will therciore be only half as much illiinii 
n it d , and ctetens paribus the degree of illumination is propoitional to the number of 
holts in the Fcieen, or to the nuiulH r of equally illuminated specks on the surface { i e 
li the speck be inhnitily diminished in si/e, and infinitely incriascd in number to 
the u umber of ra)s which fall on it from the original source of light ’* (HerseJul) 
ill asoiiing thus Sir John Herschel proceeds and establishes the following definitions — 
Iht real intunsic brightness of a luminous objict is the intensity of the light of 
caih pliibiial point m its surface 

Thi appannt intnnuc bnqhtness of any object or luminary is the degree of lUumi- 
11 itioii < f Its iim^e or pictuie at the bottom oi the ijfe 

Tht absolui^fht oi a luminary is the sum of the areas of its elementary portions, 
cai h iimltiplitd by its own intrinsic biightness 
Tht appaient hght of an object is the total quantity of light which enters our eyes 
fiom It, however distributed on the retina 
Various instruments, called photometers^ have been devised to measure the illumi- 
n iting power of any body , these are, all of them, more or less defeetive, and the 
leplts which wo obtam with the best of them are merely comparative with each 

Sonquer*s photometer consisted of two surfaces of white paper, of exactly equal sire 
and reflective powei, cut from the same piece in contact , these are iH^uminated, the 
om by the light whose illuminating power is to be measured, and the other by a 
ijgl t whose intensity can be varied at pleasure by an increase of distance, and can 
t lull fort be ozdctly estimated The variable light » to be removed or approached, 
till the two surfaces are judged to be equally bright, when the distances of the 
tumiiiaiieb being meosmed, oi otherwise allow^ |br, the measure required « 
asi-i ruined 

photometer Before a screen of white papdr, 

Dlickenid cylindrical stick, and the two lighta to be 


in a daritened room, is 
compared are so placed that 
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two shadows aie thiowii upon the screen side by side, «ith an interval between them 
about equal in breadtii to either shadow The brighter flanit must ilusn be removed, 
or th( feebler brought nearer to tin siiein, till the two shadows appear of equal in- 
when their distances fn>ni the lights must bt measured, and their total iUu> 
ininating powers will bt in the dinct ratio of the squai s of the distanoes, 

UiUhuH photomttet consists of a rectangular box, about an inch and a half or tao 
inches square, open at two ends. It ih blackened witimi to absorb the extraneous 
light Within, inclim d iit angles of 4 to its axis, are fdaeed two rectangular pieces 
oi plain looking gl is«i cut fVom < n< amt th< same reel iii ^utarstiip , these no fhatened 
so as to meet in the middh ol a natrow slit, about an luch long, and an «.igUth of an 
ineh bioad, which is covt nd wiLb a blip of fine tissue oi oil« d piper, and ablackenetl 
caid ptL vents the ntlcctud iniagis trout tninj'hng If we would einnpire two lights, 
tiny must lx; placi *1 at siuh a distance from each other, ami from the instrument be- 
tween them, that the light fioiu eteiy part ol eai h shall 1 ill on the rc lice tor next it, 
an 1 bt 1 « dec ted i > the coi 1 1 sp( nding poi non ol tlic pape 1 be nisi i unient is then to 
b rnovul m it \ «> the out oi thcoth(.r, till the papei on ( itiui side ol (liedivision ap- 
p trs equally illuiiunated hen the lights aic thus xiu ny cquali>«c*(l, it is clcai that 
lilt cotil illuminating powiis olthe lututnaitcs are dim il> as the squares of then dis- 
iiu < es IVom the middle of tin instrument. ** 

WheatsUntLi photoi ittf i is a small sphere with a icllc^ting surface, which being 
pi iced between the two lights, each light is set u on it by tlu spectator, the two being 
leHictcd from different points ot the sphtre’s suilicc. an ingenious but simple 
nil chan icul contii%<incc a rapid looped motion is communicated to the ball, and by 
the prim iplc of tlu ptts * lue o/ wipj fusions the speitatoi imniidiatily s< Cb two 
Itjopid curves otdilhmit biightiii sis flic hi ighter light is u moved until thi se cutms 
ftii III ol the bAuie I iiglitnesb, and the intcnsitieb ol the luminous points are then as the 
b juarch ot tin distani* s 

Iiunicn\ photonut I cons sts of a shut of ciiam coloured lettir paper, rendend 
tiauspaient over a portion ot the sintaie by a mixiuic of hpinnaciU and reetihid 
naphtha, whiih is solid nt conimou tempi ratuics, but bet omes liquid on the application 
ol u very geiitle beat liie mixture is liquified and painted over the paper witli a 
bi ubh, leaving a round disc of the size of half a crown in the centre uncovered. When 
a light is pi iced on one side of the paper a dark spot is obsci ved on the uncovered 
portion When another light is placed on the otner side of the paper, the spot is still 
distinctly visible, if the distance of the light is such that the reflected portion from the 
pape r be cithei of giiatir or oi less intensity iban that transmitted. When the pa]icr is 
so situated between the two flames that the transmitted and reflected light are of the 
same intensity, the uncovered spot is no longer visible. 

It will bo evident from these descriptions that it is possible only, by any of these 
contiivances, to compaie one light with another, there is not any arrangement by 
which we are enabled to cxpiess absolutely the illuminating power. Upon the prin- 
I iplc of comparison, and comparison only, the following taoles have been constructed 
b> the relative experimentalists The observations of Peclet have been already given, 
llie following comparative view ol wax and stearine candles manufactured in Hcrlin, 
which have ^en deduced from the observations of Scbubaith, is of much xalue. 


Kind ofcUHlles, and whence obtained 

Rolotlve 
Intenflti of 
light 

Coniiimptlon 

In onu hour, 

In grammea 

Relative 

lllumlnriting 

power 

Common wax candles, of 
Tannhaoser - - - 

Wax candles, of Walker - < 

Stearine candles, of Motard - 

Stearine candles, of Mag- 
net and Oehmichen * 

Stiarlne candles, fh>m the 
same makers - . . ' 

Candles made flrom palm oil - • 

^4’s 

6*b 
. 8*i 

'4’s 

6*s 

8's 

■4’s 

e’s 

.8's 

r4*8 

6*s 

8's 

6’S 

8’s 

rvs 

6*8 

.8's 


n 

85 20 
88*20 
100*0 

92*66 

97 69 
104*1 

81*74 

78 98 
100*7 

86*11 

92 66 
96*54 
85*86 
108*0 

82*67 

82^86 

118*70 











r>50 IMPORTS AND LXPORTS 

ThoRo remits rIiow ur that the mean illaminatiiig power of wax and 6t<arine 
rnridli 8 is tu nrly the Name 

11)0 illuminating powti of gasiB and of gas burneis will be found in the article 

( OAI Cl AN 

II MI* NITP Titanipi hotr Iron See Iron and Titiniitm 
IMPFRMrAHLl* is tin epithet given to any kind of textile fabric rendeied 
water proof b}* one or othei of the following subetances — 

1 ] msied oi) to whieh a drying (juality has been communicated by boiling with 
litharge or siigat of lend 

I 1 lu same oil holding in solution little caoutthouc 

) A varniHh iimdo b> dissolving eaoutchouc in reetificd pofroletim or niphthi, 
applied between two surfaces of cloth as described under Maciutoshs patent bte 
C AOUTCIIOK 

4 Vegi table or mineral pitch, applied hot with a biush, as in making tarpauling 
for covering goods in ships 

5 A solution of soap worked info cloth and decomposed in it b} the action of a 
solution of alum whence re suits a mixture of acid, fats, and alumina, which insinuates 
itjbelf among all the woolly filaments, fills their interstites, and pie vents the passage 
of watn 

G A solution of glue or isinglass, introduced into a stuff and then acted upon hy a 
clear infiisi m of gills whereby the fibres get impregnated with an insoluble, imp r 
iienlle puheiiilent Icathet 

7 Plastei w( ik is r nelered impermeable by mixing artifiei il or natural asphaltum 
w itli it 

IMPORTS AND 1 \PORTS Meineirindum by the Inspector General of 
imports and xports ns to the method adopted for ascertaining the lit tl Valui of the 
im|orts iTite th United liingdom, issued by the Statistic il Department of the 
11 ird of Inelc in April 1864 

Ihe Jual \ ttlitt of the imports into the United Kingdom — a term repeatedly 
(m|hied in this work as showm in the Statistical Accounts published under the 
authority of the (ae \erument, is ascertained as follows — 

1 111 the case of certain articles — of those namely, m regard to which the tanflT 
pr serthes th it their value (cither with or without a speeilic ition of quantity) shall 
1 statid in the entry inwards at tlie Custom House — it rests on the declaration ot the 
nil] ( itcis 

if the officer of Customs to whom such declaration of value is tendered should 
sec reason to question its correctness, he is entitled to require further evidence on the 
point 01 he may satisfy his doubts by an eximination ot the goods 
The articles of which the value is ascertained by this method, however are but 
few compared with the whole number of those included in tlie Stttistical Registry, 
and they are generally of minor importance 

2 In the case of the more numerous and more considerable artic les which are 
entered at the Custom House by quantity alone, the value exhibited in the Statistieal 
Record is obtained by means of a process oi computation which combines the 
epnntity with the aierage prices of the several commodities 

The asemge prices thus employed are supplied to the Inspector General of Imports 
and Exports, in part by some of the leading merchants and brokers of the city of 
London who willingly aid an operation so obviously serviceable to the public, in 
part by tlm e goA^on, who have special facilitus for watching the coarse of the 
markets, and wl^^'eceive a fixed remuneration from the Tieasury lor collecting 
sueh prices in the ports of London, Liverpool, and Hull, respectively 

In striking the ivengc price for each article, regard is had to the specific distino 
tions under which it is exhibited in the tanff— these distinctions being of necessity 
observed also m the Statistical Registi^ — and not being in every instance identical 
with th sc whieh are commonlv reeognised in mercantile transactions 
As the same article, in man) e ises, varies widely in its market value, according to 
tl I eountiy of whieh it is the produce, separate pnees applicable to the importations 
from the different countiies ait in such cases required 

1 he rules whuh are required to he kept in view in fixing the average prices will 
nppeir more distinctly on refcicnce to the annexed copy of an explanatory note 
wh (h was addressed to the mei chants and brokers from whom assistance iras sought 
It th( time whin the registry of Value** was first established 
When the prices obtained from different sources are found to disagree* snoh dis- 
le^reemcnt unless it bf referable to some known cause is made the sulseot of a oarc- 
tul investigation before the average is finally adinstid. - 

The as 01 age price of an ai title being fixed for a particular month for the ports of 
I nd »u and Liverpool separately^and, in the case of certain dtscnptlons of mw 
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ehandifle* fbr tbc port of Hull alno— tbc qaantity imported into eaoh vi tbe porta is 
ctnuputed at the price belonging to it, and the mean value tbua ascertained of tbe 
importations into the two or the three ports, is adopted as tbe general rate of valoa- 
tiou for the importations into the Kingdom at large 

' The value attached to the importations of each article fttr the entire year is the 
sum of the values iiffixiil to the importations of eaoh 8iic< essive tnondi. 

The muuner in wIjkIi the operation is effected is shown in the annexed table. 

The following tabic shows tbc miniici in which thi ' Real Value ** ol imports is 
computed in tbe olDce of the Inspcctoi (letieral of Imports iiid Exports. 
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IMPREST. A paper printed in tbe report on tbe public aoconnts, ffites an 
authoritative definition of this technical tern, so anintelligible to many perUns. The 
word “imprest” is generally used in opposition to tbe term final pwiment’* A 
final payment is a payment made in final discharge of an obligation erf the irovem. 
mimt to the pnWic creditor j as, for instance, the payment of a bill for itoies tunnlied 
t«» the government, or the payment of salary to a government clerk. An 
means an advance of public money, to enable tbe person to whom it may be ma? to 
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carry on ronie (ublic ser\i(e and the pirsori to whom the ahaiicc is made is 
calitd flu luipriKt a(( omit lilt 

UBAl ION, AUllMl t llie 1 gvptians have liom time iinnienior il 

biiii accuBtoiiud to hitch h> ortificiil w ninth without the aid of luiis, iii pc 

cul ai stovt s, called Mamm li* M de lit ttiniiir published in 1 laucc, about a ci iit iiy 

ap,o sonu ingenious obser\ations upon this subject , but M Doiiniinam was the iiist 
peison who studied with due attciitiou ill the cneunistauees of aitificial mcubitioii, 
and mounted the proctss succtssliill) upon the commercial scale bo fur buck as 
I""? he eoniiiiunK ited to the Aei lemj of Seienees an interesting fact which he had 
IK tieed upon the iiiech iiiisni eini lo>ed by chicks to bieik then shells, and lor oiiii 
tune piiui to the 1 iiiieh revolution he furoislud the Parisian market with excellent 
])oultiy at a pc nodot the jeu when the liiineis had ceased to supply it Ills estil 
lishment w us i uined at that disusti ous eia and no othci h is ever sine been constructed 
or conducted with siinilui cite Jlis ipf iiatusdenves pcciiliu interest lioni the fact 
that it wiis founded up nthe piimipK of the eiiculation of hot water, by tlie inteslnu 
motions of its paitic Us in a r turning si nes of connected pipes, a subject iftei w iids 
illiistiated 111 the expeiinuntil reseiiclusof Count Itumtoid It lias of late >e irs 
been intiodueed as a rioicitt/ into tins rountiy, and npp ud to w inn the ipirtnuiits of 
ininj piiblie ind piivate buiUlni^t llie following de t nls will [ie>\e thul the tlieoiy 
uncljiietiee ol hotwatei eirculition were as perfectly iindeisteiul by M Bonueinini 
fif1> V irs uuo i** thei ire at the present diy 1 lu y weie then pul liel\ evlnl itnl it 
h i( ide e in Putts unlweie literwu Is e tinniunu ited to the woil 1 at Inge in the 
iiitei sting nliele of the J n tjdtptin Ji hn f * intilled ItiLuhaiun {itJiLiilU^ 
iineUi the h ad ol Ht inliUui dc Jtnji alun 

1 lie uppii itus ot M noniumiin eonsisted 1, of ibnler md pipes for the cireii 
liii n ol w itei , 2, of a legtil itoi c lie ul ited to manitun in equible teinpnaluie , 

I I St )\e ij ntiiient be ited e uislantly to the degree best fitted loi inciil itioii, winch 
I 11 1 the /laU/fu/e/ pitch lie alt le bed to one side n /»e i/ssoiu/c or chiek-ruom, lot 
e I II n^ the chickens during a fe w days after me uh ition 

1 1 il I IS leprc sente I iii set tic il section and giound pi in, in Jigs 087 and 988 

J I j o d ol i elouble cjlnidei of coppei or cist non U 4 hiving a giap b (sei 
pi in) ail ashpit at d (section) The water occupies the 
shided spice c, c h p, c, c, are five vertical flues lor 
e inducting the burnt air and smoke which first use in the 
two extciior flues c, c, then descend in the two adjoining 
flues 7 , (jf, and hually remount through the passages i, i in 
the eentiol flue h During this upwaids lud downwaids 
cue uhtiein, as shown by the arrows m the section, the 
jiioduets of combustion lie iiiidc to impart neaily the 
whole of their heat to the water by which they arc sur- 
lonuded At the coinmcneeiiicnt, sonic burning paper or 
1 we o J shavings arc inseited at the orifice m, to establish a 
cl I aught in this eiicuitous chimney The nii is admitted 
into the ashpit at the side, m regulated quantities, through 
a sniill 8(|uarc door movable lound a rod which runs 
lioiizontally along its middle line This swing valvo u 
acted upon by an expanding bar (see lb at Ri.oulaior), 
which opens it more oi less^ according to the tempeiature 
of th stoM ipartH||t in which the eggs are placed 

i> is the upper Office of the boiler, by which the hotter and consequently lighter par- 
ticles of the water eontinually ascend, and arc replaced by the cooled particles, which 
ont r the boiler near its bottom, as shown m^p 989 at n Into further details iclative 
to the boiler it is iieeelless to enter , for though its form, os designed by M Bonnemain, 
IS e Kcclleut and most eeonomicil of heat for a charcoal file, it would not suit one of pit- 
eoal, on account of the obstruction to the pipes which would soon be caused by its soot. 

Iwjig 989 the boiler is shown at ii, with the rod which regulates the air door of the 
ashpit D IB a stopcock for modifj mg the opening by which the hotter particles of 
V Iter ascend , o is the water pipe ot communication, having the heating pipe of dis- 
tribution attsclicd between F f, which thence passes backwards and forwards with a 
vt i> slig It slope from the horizontal direction, till it reaches the pous^mitre o P Q* B 
tr \ e 1 s(.b this apartment, and 1 1 turns by n n to the orifice of the boiler H, where it toms 
^eitically downwards, and descends to nearly the bottom of the boiler, discharging ^ 
tint p)iiitthe cooled and therefoie denser particles of water to replace those which 
e lutinuallv issue upwards at D i, n isa tube surmounted with a funnel for keeping 
ilu ruu^i of pipes always full of water , and K is a siphon onfloo for permitting 
i'^eapi 1 1 the di'.engnged air, which would otherwise be apt to occupy partially th* 
pijKb and obbtiuot the aqueous circulation 
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'J lu tlic c( ol <1 in tii s<rp«*ntmc tnUs llie ouickcr its circulition 

> II In, IlLCBUM the (III |UIK( of (1 list ) tllL w ittf sl ific top ftxid bottom of 



til btilr, -whuhi ih h »1 m <1 s ni (luit villU puit x i ii s iits 
hi ill hi Kirs till (^ with V It i t ) suj]>h th ikiihsUi. mo stmt to tin liintc 1 tin iiid 
t 1 1 K the t^{. MB ^ ^ ui( 11 ^ th( tta}sMM man ntmosphou un ilogoiis to that 
1111 1 1 ih I o h ( 1 lh( lu 11 

When vit wish t hatch with this appiiatiis tkc fiiP i"* to be kindhd in the 
I o III, 11 d as S(oi as tlu timpdatuK has risen to iiloiit lOO® F the me mtro- 
( (letd , hilt onivrnt tw ntuth of the whole niiinhei intended upon the fiibt diy next 
i i> II like numb« i is I lul upon th ti ijs, and thus m siu ee ssion ter fwentj d lys, so that 
upon the twmti fust d ij ilie ipps lust placed iiiuj he liitehed for Mit most part, and 
w t III oht nil d ul> afti i waids in equal numlier ot chtckb lu thib way rcgulaiity of 
( m is established in the k iiiiig of them 

Dili ing tlie fiist d i}s of ineuhation, natural as well as artifu ml, a small portion of the 
w it( r cont lined in the < gp evapotahs hy the he it, thiougli the bhcl), and m replaced t>y 

I lik( quantity o( nr, which is afti maids useful for the iispiration of the animal If 
lilt w iim Unio«!pluiesuiroundingthi t,;gswirt vciv drjjsuchaportionoftlu iquious 
] lit ot the egf s ^ oiiUe\ ipoi itc thiough the poiihof the shtlls as would endanger the 
liitiiri lift ol thi chick m oto The transpiration from the hod} of the hen, as she sitb 
np m lur tpps counttratts this dislocation in pcncial , }ct in aer} dr> weatlui man} 
h iiclmig e,.ps f nl fVom tint cans , iinlesa they he plattd in moist decomposing straw. 
J lu w Iter b neeis n n are th lefoie essmtiil to sucetss in aitifieial incubation 

Afurthi ehitlinsare hat 1 t the} aioli ii sfiired inti thernrsen o Q on the* fi ont 
sd of wli eh tlu It IS a s ill i i it I Hough filled v itli iiiilh t si ed Small divisions aic 

II > 1 < between tlu hioudbol sue >*\c diys, to enable the superintendent to^ar} their 
f di p to th( ir age 

In ordn to sup] 1} an establishment of the common kind, whole 100 eggs are to he 
1i ire he d dul}, a dozen of hens would be nteded, ard 150 eggs must be placed undei 
tium ns onh two thuds in geneial suet ted At tins rate, 4300 mothers would he 
rt pined t > s t biow supposing we should tolltef ten times ns many hens, or 43,000, 
we vhoiild lit t be able to ctmimand the ahoseiiumbti of ehicken<i, as theie is Seldom a 
t( nth pait of he i-i in a brooding state Tlcsidis there would be in this case no fewer 
thin 720 hens ever} day coming out with a flesh blood of chickens, which would 
letpnrt n regiment of supermfendents 

Aiitiicml Incubation bymtariHof Hot Mtmral Wafert —Thin cnrions process is 
ell bt rihed Tiry briefl} in a letter b} M. D’ A reek 1 be following are extracts from his 
letUr — 

“ In June, 1825, 1 obtained chickens and pigeons at Vichy, by artificial incubation, 
ifTi cted through the means of the tlu nnal waters of that ] 1 tee In 1 827 I went to the 
biths of Chaiides-Aigiies, principally for the purpose ol doing the same thing there 
Finding the proprietor a zealous man, I succeeded in making a uscfiil application of 
this source of heat to the production of poultr} 

** 1 he advantage of this process may be comprehended, when It is known that the 
invalids who ariive at > ichy, foi instance in the month of Mhy,flnd chickens only the 
size of quails , whereas, by this means, they may be readil} supplied six months old 

** The good which may be done by establishing artificial ineubation in places where 
hot springs exist, is incaMahte , it may be introduced into these establishments without 
at all Intel fering with the medical treatment of patients, since the hatching would go 
on m winter, at a time when the baths foi other pnrposes are out of use. ” 
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“ 1 here le no other trouble required in bleeding chickens, by means of hot b-^ths. 
thnn to bn ok the iggb at the piopit timt , for wIku tht apartiiitnts arc closed the 
\thol( of the interior will re iulil> acquire a Bufflcicutl} elevated and ver^ eoustant 

t< miKiiitim ” 

OMilllS 1 Iin n CJ O ni m a tissue of the fibrous tniiunil called amianthus 
( r iihbestob ( otiou and line n e loth may be bebt tendered me ipable of buining with 
flame by being imbued with a Holutiun of sal inimoniae or of alum 
INDIAN INK, or CHINA INK Aiery beautiful black pigment, the he s eaneties 
of which aie oht lined fVom China It m composed of a very fine black, cemented 
together with some kind of Hiiiiual gelatine 

INDIAN MA I TING M'lts nude m India from the retd Papyrus corymhosua 
INDIAN R1 D A mineral from the Persian Gulf, which re iches us iii a btate u{ 
a dark red Coarse powdti a silicate of non and alumina, containing lime and m ig- 
tichia The same name is given to a jngnunt artificially prepared, which is e sen- 
tiully a sesquioxidi of iron 

INDIAN \ I LLOW This is a peculiar precipitate obtained from the urine of the 
cow and, according to borne tnithoiities, of the csmel, after the anmml has been eating 
decayed and yellow mango leaves — the Mangiatana mantftfer It appeals to be com- 
])ostd of magntbia with a yellow body which miy be prepared pure by boiling the 
mubb with water, to which small quantities of inuiiatic acid are added, until the whole 
dibbolveH, and then filtering On cooling, the liquor deposits the colouring matte iii 
biilliniit yellow scales te rmed pwretc acid bee Watts* ** Dictionary of Chemistry ” 
IN DI A 11 UDHhU bee CAOurciionc 

INDK AN A colouiless buhbtancc ousting in woad, and probably in other 
plants yielding indigo Indigo blue may be prepared from iiidican by treating it 
With sulphuric or hydrochloiie acid See Indigo 
1 NDIGO This invaluable dye-stuff oonsists essentially of a blue colouring mitter, 

to which the name of Jndigo blue has been applied This colouring matter occuts m 
file leaves of several species of plantSy which, though few in number, belong to very 
difii lent genera and orders The only native European plant which is known with 
ee rtainty to > leld it is the /salts Unctot lo, or common woad It has also been supimsed 
to occur in the following plants, all of which arc natives of Europe, vir — Aatagalui 
qh) tfphyllust Centaurea Cyanua^ Chelidoniummqjua^ Ciesr aric^iiisfff, Colutea arboreacena^ 
CoruntUa Lmtrua^ GaUga ojfficmalia, Hedyharum Onttbrychta, Inula Helemum, Iria Gtf^ 
uutinca, Lotus comicidatus, Medicago aattva, Mercurtalis perennis, Pofygonum avu ularct 
Polygonum lagopyrum, Ithinanthua Crutagcdlif Sambucua Mtyta, Samhucua Ebulua, 
ScdUMoaa sucewaand Faecimum MyrUUua According to the investigations of Giobert and 
others, however, none of these plants aflfbrd any indigo>bluc, though several of them, 
Buoh as the Marcurtalta perennia^ contain a blue colouring matter of a peculiar nature 
The indigo-bearing plants growing in tropical coontrieb furnish far more indigo blue 
than the /satis tinctona buch are the various species of Jndtyofera, natives of the 
Ktst and West Indies, the Nerium tinctorium and Calanthe veratnfoha of Hindosfan, 
the Aackpiaa Unctona and Maradanta ttnctoria of Sumatra, the Polygonum Unciorium, 
the /satis indigoltcat the Juaiwia tinctona^ and the Bletia TankerviUimt of China, and the 
Amorpha Jruiicoaa of Carolina Most of these plants belong to the natural order 
Leguminosse. Uhe othcis belong respectively to the orders Grucifere, Apooyucoe, 
AsolepiadesD, Polygonem, Acanthaces, and OicbidesB Indigo blue has sometimes 
been observ^ t o jpr m in the milk of cows, especially such as have been fiid exclu- 
sively on saint Ijlk It has also been found by PrOut, Hossall, and others in the 
urine of indiviooR suffermg from various diseases, and Schonck has lately shown 
that the urine of men and animals, even when m a perfectly healthy state, may be 
made to yield mdigu-blue in small quantities by treatment with strong acids Hence 
ir appears that this colouring matter may be obtamed fh>m a vanety of sources, though 
it is nowhere found m great abundance. 

The use of woad for the purpose of dyeiug blue seems to have been known in 
Europe from the earliest times. We are told "Sj Caesar that the Britons stained their 
bodies blue with woad, in order to give themselves a more formidable appearance m 
battle, and Pliny informs us that their women, before entering on certain saered r|^» 
which were performed m a state of nudity, employed the same means of colounog their 
bodies, whereby they acquired the appeanmee of negroes. During the middle sgei 
the cultivation of woad was carried on very extensively in several countnes of Europe^ 
especially in Thuringia in Germany, in the provmoe of Languedoc m Franbe, nnd m 
the neighbourhood of Bieti in Italy. The leaves of the plant were grotthd 
pulp, and then submitted to a long process of fermentation, by whien meM 
were converted into a mass of a dark colour which Was moulded into haAft diT w# 
UM of the dyer CSee Woad.) Ho attempt to extriet the Uue eolo|W(|i|p 
from the plant seems, however, to have been made bsAire the eommepeofeant « W 
priieiit century 

kether indigo m its present form was known to the nnoieete h®* k®ee dert*®^ 
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PliD}’ and Dioscorides refer to a pigment called Tndiewn, which ffaematoiiave been of 
a bhu* colour, though tlu'fo is little* doubt that ih« article to wl^ Ui* name JnUiCum 
tiu/rum Mus appluHl moh identical v itli our Indian ink. * Of induntm Plioy that 
i( eomes from India and is obtained from the aliuie ftdln ting to reedj; that it ia black 
\ehen rubbed, but of a fine mixture of piirjde and blue when 4iai|0l*ad ; and that 
there is another kiiul vhieh is found ^summing on the dye*vo«scll where purple is 
djed, tins being the scum of the purpU-dsh. He adds that th^ who adultoruto 
iudii*um dye pigeon’ ■» Uuug or ubalk viib woad. but that the geuuine substaoee may 
be k«H»i^ii by bent nig it, when it gi\es a heautilUl puiplo vapour and emits a Kiuell 
like that of the sea, aud tor this it has been supposed to lie obtained tfronk tlio 

irx'ks. U can liaidti be doubled that in this passsge indigo is referred to, and that 
the sioond kind of nidiouni mentioned by iM my consisted probably of the scum of 
tndigo-blue found llouiing on the surface ol tbo liquor in which the dyeing was per- 
loniicd. It aecMiis, hnwover, that at that time the oolouriug matter was not so oom- 
ph ii'> apuratuS tuMii the other vegetable matters of ibe fdant as at the present 
div. -.1, <»<* pigioiis dung coloured with woad would lioai* very little rosemblancc to 
oii'i puseiit aidigo, but would be a fair mutation of the preparation usually made 
horn V oad. It is probable, tlicrefore, that ut that period tbo process of munufncturiiig 

II (tigo a ^l.ry riuh oiic, and cousisUd merely in the separation of a imrtion of 
tin vegetable from the remainder. Even at the present day the uaiives of some 
countries, where the arts have not attained any high degree of development, produce 
an article from indigo- bearing plants which serves the purpose of dyeing blue, though 
not much resembling indigo in appearance. In Sumatra, for instance, as Marsdeii 
iiiloims us, the natives do not mauuiucture indigo into a solid substance, but leave the 
stalks and brunches for some da}S in water to soak and macerate, then boil it, and 
Moik with their hands some vhunam (quicklime) among it, with leaves of the paciio 
hnfnt (a species of fern) for fixing the colour, after whuh they drain it off and use it 

III the liquid state. On the west coast of Africa the leaves of the indigo plant are 
moulded into balls, which arc then dried in the sun and stored up until they are 
wanted. These balls, w hich have a slight blue tint, may be preserved a long time 
and be transported to great distances. When they are to be used for dyeing they are 
broken and reduced to a fine powder. This powder is then mixed with water to which 
th<* ashes of a ccituin plant are added, and the liquid is boiled in large earthenware 
vtbselb of a conical form, when it assumes a deep blue colour and is then ready lor 
dyemg the fabrics which arc plunged into it. 

The article known os indigo in the middle ages must have been very similar to the 
indigo of the present day ; for though Marco Polo had described the manner in which 
the substance was produced from the plant, it was for a long time considered as a 
ininoral ; and even in the letters patent obtained in 1705 by the proprietors of mines 
in the principality of llalberstadt, it was classed among minerals on account of which 
works wore suflered to be ereef*^. 


Indigo seems to have been first extensively used in Europe by the Jewish dyers, 
who introduced it into the dye-houses of Italy. It was not, however, imported in any 
large quantities until the discovery of the passarc round the Cape of Good Hope. 
At the beginning of the 17th century, the Dutch commenced carrying on an exten- 
sive trade with the East, and indigo was one of the articles which they imported in large 
quantities into European countries. Its use was found to be attended with so many 
advantages, that the employment of woad for the same purpose was gradually aban- 
doned. The colour produced by it was more brilliant and far cheaper than blue 
from woad. On the other hand it was asserted that the goods dyed with indigo faded 
rapidly, and that the vitriol and other corrosive substances used along with it caused 
them, after some time, to rot. At the same time the exportation iS large anma of 
money in payment for indigo, and the rapid decline in the cnltivation of woad, which 
liad previouuy fbmished occupation to great numbers of people in rarions countries of 
Europe, and had been the source of great wealth to individuals, caused so nmoh alarm, 
that the most stringent measures were adopted in order to prevent the me of, indigo 
in dyeing. A decree of the Qenaante diet held at Frankfort, in 1577, prdldbitA, 
under the severest penalties, the newly invented, peTuicioua, deceitful, eating and 
corrosive dye, called the i/eetTf for trhich vitriol and other cheaper matelEiala were 
need instead of woad. This prohibition was renewed in 1594 and 1608. In the year 
1650, Elector of Saxony prohibited the sale and importation into biidominiom of 
all fiibrict dyed with other materials in the place of woad. This was followed by an 
imperial mandate iasud from Batisbon, in the vear 1654, forbidding the importation 
and the use by dyera of indigo and other iqjonous substancea, and threatening with 
imniriunent and the confiscation of their goods aU persons w ho ahoiild ofihr for anv 

cloth dyed with ibrbuldea ai^ deceitfid dyes instead of with the r ^ 

wood. The people of Hnremberg even went ao for m to oompel 
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annually to take oath, not to employ indifro, and tliis was continued down to a veiy 
n ornt peiiod, though it was ncll known tiint its use a os indispens ible to them. In 
I iiintc, the use of indigo was forbidden m 15 8, in consequence of an urgent represen- 
t ition by the states of the province of Languedoc, and this prohibition was nftcrwaids 
K peuted several times But in the will knoan edict of 1669, in which Colbert mpa- 
1 ited the fine fioin the common dyers, it WdS stated that indigo should be used with- 
out woad , and m 17.37, dyers were left at liberty to use indigo alone, or to implo} a 
mixture of indigo and woad. In Liigland the use of indigo was also fot bidden, and 
by nn act passed m the uign of riizubcth, staichers were authoiiscd to bum both it 
and logwood in iveiy dye-house where they could be found. This act remained in 
tone fur ncutl} a ci ntuiy 

It has hem doubted whether the plant which is employed in America for the 
manufacture of indigo is a native of that continent, or whether it was introduced b} 
the Spaniards. It was rcmaiked b} the fist voyagers on the niw continent that the 
natives coloured thin bodies and d^id their stufis by means of indigenous plants 
which resembled the indigo plant of Asia. Fernando Columbus, in the life of his 
f atilt 1 , sn) s, that this pi lut grew in a wild state in the West India Islands, and that it w as 
( iiltiv itid for the pm pose of obtaining from it a blue pigment. Ilcinandcs mentions 
il .iniongthe native plants of Mexico, and says, th.it the Amciicans used it for dicing 
till II liait black. He adds, that they made from it a pigment, which tiuy naniid 
m huilU and //euo/iiif//i, the same as the caruUum of the Latins, and he desciibes also 
the Tiiitliod of preparing it Ncveithiless it appiars that the Indupfera tincturia and 
Anil were really intioduccd into America by the Spaniaids, and were the plants em- 
])loyi(l 1)} them tor the maiiufiicture of indigo m Mexico, Guatemala, and 8i Domingo, 
though some of the vai leties pi oduced by the influence of the climate and soil difier very 
widel> in appearance fiom the paiint stock. The manufacture of ludigo was atone 
time ( in led on extensively in Ccntial America and the West India Islands, and these 
( ouiitiics formerly supplud the chief portion of the article consumed m Europe. The 
iiidigo of Guatemala at the same time surpassed all others in quality. Id cousequcnce 
liowiver, of the political disturbances in America, and the gieat iinprovenientB which 
bfti e been ifficted in the manufacture of mdigo by the zeal and perseverance of our 
luiiiitiynien in the East, its production m America has diminished very much, and at 
the present day, the indigo consumed in Em ope is deiivcd chiefly fiom India, and more 
c'.p iitlly fiom Bengal, Oude, and Madras The remaindei is imported from Java, 
the Mauritius, and Senegal in the eastern hemisphere, and from Caraccas, 
Itia/il, and Gaiiteiiiala in the western The East Indian and Brarilinn indigo comes 
psckid 111 chistb, the Guatemala in ox-hides, callid serons Its quality depends upon 
the spiitis of the plant, its iipencss, the boii and climate of its giowth, and the modi 
of manufacture. 

'Plu pi infs which arc cultivated in the East Indies, arc the J/idigofiKt Unctoria, 
Am/, (inpeima and pseudo iincUtna Ibe districts of Kishenagir. Jessore, and Moor- 
sludibad, in Bengal, langing from 88^ to 90^ east lat and 22^^ to 24*^ north long, 

] lodnce the finest indigo That from the districts about Burdwan and Benates is of 
II cfiiiser 01 haishcr gram. Tyroot, m lat 26®, yields a tolerably good article. The 
portion of Bingtil most propitious to the cultivation of indigo, lies between the riv<r 
lloogly and the mam stream of the Ganges. The ground having been ploughed m 
Oitobii, November, or beginning of December, the seed ot the indigo plant » sown 
in the Inst half oj^arch or beginning of April, while the soil being neither too hot 
nor too (liy, piopitions to its germination. A light mould answers best ; and 

biinsliinc, witn^ceasional light showers, are most favourable to its growth. From 
twenty -four to thirty pounds of seeds are required for sowing an acre of land. The 
1 >I lilts glow rapidly, and will bear to be cut for the first time at the beginning of 
*iia}. 111 some districts, so early as the middle of June. The indications of maturity 
.lie the bursting foith ol the flower buds, and the expansion of the blossoms t at which 
period the plant contains most colouring matter. Another indication is token iVom 
the leaves ; which, if they break across, when doubled flat, denote a state of matnnty. 
But this character is somewhat fallacious, and depends upon the poverty or richness 
of the soil When much ram falls, the plants grow too rapidly, and do not sufficiently 
eUboinie the blue pigment. Bright sunshine is most advantageous to hs production. 
'J'iie flist cropping of the plants is best ; after two months a second is miiae) hot St 
the present day, planters ncier undertake a third or fourth. ^ 

Two methods are pursued to extract the indigo from the plant; the first wfeCwB 
by fermentation of the fresh leaves and atems ; the iMCond, by maceration of the ansa 
kavis 

1 From the itemt leaver. — In the indigo factories of Bengali th#re are two liW 
stone built cisterns, the bottom of the first being nearly upon a letel with WJ" 
tile SI cond, m order to allow the liquid contents to be run otit of tho 000 into t«9 
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Tho appflrmoit it cilled the fermenting Tet, or the iteeper ; iti tret li 20 Ibet eqaare, 
and its deptfi 8 fort \ the loarermost, cJlod the beater or heating if as breed as the 
other, but one third longer. The cuttings of the plant, as they eome from the field, 
are stratiiled in the steeper, until this Is ftUed to withm 5 or 8 inotee firom Its brim. In 
order that the plant, during its femientatioD, may not swell and riae ootof the vat, benms 
of wood and twigs of bsiuboo are braced tightly over the surfhoe of the plants^ fifier 
which water is pumped upon thein uutil it stands about 8 or 4 inches Oom the 
edge of the vessel. An active fermentation speedily couimcnces, which is completed 
withui 1 i or hours, n little longer or shorter, aoeorduig to the tempemtare of the 
air, the prevailing winds, tlie quality of the water, and the ripeness of the plants. 
Nine or ten hours after the immersion of the plant, the condition of the vat must bo 
ex:iiitine<l i fl‘Othy bubbles are then seen rising like little p 3 rTamidg, at first of a white 
colour, but soon becoming greylsh-hlue, and then deep purplish-red. The fermenta- 
tion is at this time vitdent, the fluid being in constant comnmtiun, and apparently 
1)01 1 II iioiuineruMe bubbles mount to the surface, and a dense copper-coloured scum 
rt>%( IS the whole As lung as the liquor is agitated, the firmentation must not Im 
dtstutbed ; but when it becomes more tranquil, the liqnoi is to be drawn off into the 
i,tw<»r eistem. It it of the utmost consequence not to push the fermentation too far, 
hi cause the quality of the whole indigo is thereby deteriorated *, but rather to cut it 
shoit, in which case there is, indeed, a loss of weight, but the article is better. The 
liquor possesses now a glisteuing yellow eolour, which, when the indigo precipitdtes 
changes to green. 1'he average tempi^ratnre of the liquor is commonly 85^ Fahr. ; 
Its specific gravity at the siirlace is 1*U015 ; and at the bottom 1 -00.8. 

As soon as the liquor has been run into the lower cistern, ten men are set to work 
to beat it with oars or shovels 4 feet long, called buaquets. Paddle wheels have also 
been employed for the same purpose. Meanwhile two other labourers clear away 
the compressing licams and bainlioos from the surface of the upper vat, remove the 
ixhaust^ plant, set it to dry for fuel, clean out the vessel, and stratify fresh plants in 
It. The fermeuted plant appears still green, but it has lost three fourths of its hulk 
ill the process, or feom 12 to 14 per cent, of its weight, chiefly water and extractive 
matter. 

'i'ho liquor in the lower vat must be strongly beaten for an hour and a half, when 
the itidigo begins to agglouicrate in flocks, and to precipitate. This is the moment 
for judging whether any error has been committed in the fermentation ; which must 
tic corrected by the operation of beating. If the fermentation has been arrested too 
soon, much froth rises in the beating, which must be allayed with a little oil, and then 
a reddish tinge appears. If large round granulations are formed, the Wting is con- 
tinued, in order to see if they will g^ow smaller. If they become as small as fine sand, 
and if the water clears up, the indigo is allowed quietly to suliside. Should the vat 
haic been over fermented, a thick fat-looking crust covert the liquor, which does not 
disappear hy the introduction of a flask of oil. In such a case the beating must be 
moderated, and when the granulations become round, and begin to subside, and the 
liquor clears up, the beating must be discontinued. When the fermentation has been 
excessive, the froth or scum diffuses itaidf spontaneously into separate minute particleo, 
that move about the surface of the liquor. On the other hand, a rightly fermented 
▼at is easy to work ; the froth, though abundant, vanishing whenever the grenulatioos 
make their appearance. The colour of the liquor, when £awD out of the steeper into 
the beater, is bright green ; hut as soon as the agglomeration of the indigo eomroenees. 
It assumes the colour of Madeira wine ; and speedily afterwards, in the course of 
beating, a small round grain is formed, which feUs down and leaves the water trans- 
parent, when all the turbidity and froth vanish. 

'l%e object of the beating is threefold : fire^ it tends to disengage a great quantity 
of carbonic acid present in the fermented liquor; secondly, to mre we newly de- 
veloped indigo its requisite dose of oxygen by the most extensive exposure of its 
particles to the atmosphere ; thirdly, to ag||glomerate the indigo in distract flocks or 
granulations. In order to hasten the precipitation, lime water is oeeasionnlly added 
to (he fermented liquor in the progress of beating ; but th'^sc who manufeetnre the 
superior qualities of indigo, avoid the use of lime, as it has a teoden<^ to make the 
indigo hard and red. In one side of the beating vessel a beam is fixed uf^ght, in 
which three or more holes are pierced a few inches in diameter. Theee see elo^ 
with plugs during the heating, but, two or three houn af^arwerds, aa the indigo 
subsides, the upper plug is irithdrewn to run off the smrnatant liquor, and then the 
lower plugs in succession. The state of thie liquor affords, on beiog examined, an 
indication of the saoeem of both the proeesses. When the whole liquor has run 
off, a labourer enters the vat» sweepc all the precipitate into one corner, and empties 
the tliinner part into a spout which leads into a cistern. 80 feet long, 8 feet wide and 
.3 feet deep. When all this liquor is once eollected, it is pamped throaOh a hog 
VoL. a U U , 
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mIjkIi letaiuh the impnriitcs into a boiler plactd nt the Bide of the cistern end heated 
t< (1) iliition The iioth soon subsides leaving an oily looking film upon the liquor 

1 li 111 li^o 18 by this plot css not only freed fiom the yellow extraetive matter, but 

Its density and the intensity of its colour art increased From the boilei the mixtmo 
is 1 un, fit I two or thn e hours into a general rieeiver, called the tai or table, 

vliieh toi a lactory of twelve pairs ot preparation vats, is 20 feet long, 10 leet wide 
and 1 feet deep having a false bottom 2 leet under the top edge The eistern 
stuiids 111 u btsiii of inufioni} (made water tight with Ohunam hydraulic cement) the 
bottom ol which slopes to one end, in ordei to facilitate the drainage A thiek 
woollen web is stretched along the bottom of the inner vesbel to act as a filter but 
a piece of eottoii cloth is gener^lv preferred to wool, as tlie bans which are detached 
fioin the iuttei injure the quality of the indigo As long as the liquor passes through 
tut bid It 18 pumped back into the receiver Whenever it runs clear, the receivei iseo 
veie d with another piece of cloth to exclude the dust, and allowed to drain at its leisure 
Ne xt morning the drained magma is put into a strong bag and squeezed in a press The 
indigo IS then cnrefullj taken out of the bag and cut withhiass wire into cubical pieces, 
imatiiiring about J inches each way, which are dtied in an airy house upon shehes 
of wicker work Duting the drying, a whitish efflorescence appeals upon the pieces, 
which niiibt be caicfnlly removed with a brush In some places particularly on 
the c asl of Cuioinandel, the dried indigo lunij s are allowed to effloresce in a cask 
foi home time, and when they become haid they are wiped and jaeked foi exporta- 
tion 

] rom some experiments it would apjicai that the gas disengaged during the middle 
period of the ferineiitation i6 conipohed m lUO paitsof 27 5 carbonic acid, 5 8 oxygen 
and bO 7 nitiogen , and towards Us conclusion, of 40 5 carbonic acid 4 5 oxj^en, and 
^'jO nitrogen Caiburetted hydiogeti does not seem to be disengaged That the 
liquor in the beating vat absorbs oxygen from the air in proportion as the indigo 
becomes fleicculeut and gianulai, has been ascertained by experiment, as well as that 
hiinstiiuc accelerates the separation of the mdigo blue Out of 1000 parts of the 
feimeiited liquor of specific gravity 1 OOd, the blue precipitate may constitute 0 7'! 
of a pari bueh a proportion upon the great scale is however, above the average, 
which IS not inoie than 0 5 When lime water is added an extractive matter is 
thrown down which amounts to from 20 to 47 parts m 1000 of the liquor It has a 
dirk biovin tint a viscil appearanee, an unpleasant smell, and a bitter taste It 
becomes moist iti damp air, and dissolves iii water without decomposition It is 
pre ( ipitated by lime alkalies infusion of galls, and acetate of lead All indigo coo 
tuns a little lime derived from tbe plant, even though none has been used m its pre 
paration 

2 Indt / ium dried leai es — The ripe plant being cropped, is to be dried in suoshine 
from 9 o clock in the morning till 4 in the aftcinoon, during two days, and threshed 
to sepal ate the stems from the leaves, which are then stored up in magazines until a 
sufficient quantity is collected foi manufacturing operations Ihe newly dried leaves 
must be free tiom spots, and friable between the fingers ^\hen kept dry, the lea\is 
undergo in the course of four weeks, a material change, their beautiful ^reen tint 
tuining into a pale bluish grey, pi evious to which the haves afiord no indigo by 
inaieratioD in water but subsequently a large quantity Afterwards the pioduet 
becomes liss considerable 

According to some manufacturers, the plants should be cut down in dry wcatlier, 
an honi or ^^Itefore sunset, curried off the field in bundles, and immediately spread 
upon u dryWor Next morning the reaping is resumed for an hour and a half 
before the sun acts too powei fully upon vegetation, and the plants are treated m 
the same way Botli cuttings become sufficiently dry by So clock in the aftcinoon, 
so as to permit the leaves to be separated from the stems by threshing They are 
now thiouglily dried in the sunshine, then coarsely bruised, or sometimes ground to 
powder in a mill and packed up for the operations of manufacture 
The following process is put sued to extract indigo from the dried leaves. They 
are inftised in the steeping vat with six times tbeir bulk of water, and allow^to 
luacerate for two hours with continual Btimng till all the floating leavea sink The 
fine green liquor la then drawn of into the beaung vat, for if it atood lonfM m the 
steeper, some of the indigo would settle among the leaves and be lost Hot water, 
as employed by some manuiheturers, is not necessary The process with diT 
possesses this advantage, that a provision of the plant may be made at the 
suitable times, independently of the vicissitudes of the weather, and the laJJ® 
may he uniformly made , and moreover, the fermentation of the flrash IsayeSi 
capricious in ito course, is superseded by a much shorter period of iiflipla maoW*' 

tlOB 

We are indebted to Dr lloxburgh, for a deseriptioo of the method einplaj*^ 
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maiiufioirturiopf indif^ ftoro the Ntnum ttneUtriumor Wn^hita tmetnria (Tide Traa- 
Mciioiih ot tho S(K icty of Aitii, vul. xxviii ) Thin plunt, wMeh attains the iite of a 
snidU tiee, 16 found ou the lower rei. ions ot the niouDtainotta tract near Bijaiuuodry, 
and also on lulls in the neighbourhood oi Salem and Vondip^ry* and grove In a 
■terile as will as rich soil The leares Ivgin to aijKar m March and April, and 
ut the end ot April ha^e attained their full siae, vhi i they are foi g^th^rftig. 
At tin end ot Auguit they begin to nsKume a yellowish rusty eolour and soon (kll 
oft The lea>vs jield no indigo untd the plant ih sexual yenr^ old but the best 
haM s tor linking indigo are obCainul tioin hiw husln j miits Tliey iniproro when 
k< pt fur a day oi two, but when thi) begin to witht r, tbe> vuld but a amaU portion 
it M.r} bud ludigo, and a hen ipiit dr} only a duty hromn feciila la this they 
(liiUt ii nil tin. Ifu\t6ui the comuiou mdigo plant, a bub may I dried before ox - 
ti u'liou Miuliout lo^s of colour. Thty ulbo differ fironi the I itu i in not yielding tboir 
loloui to cold water >Vuh cold water only a haid, blarx tlintv I’wtante ts ob- 
t iiiKil not him ludigo It ih therefore nccisHary to • nipl >y liot water, which ix* 
ti I iln. colour 4 1 } It idiU The leaves having biet* <.olleCU.d, are ou the ensuing 
tin thu wn into copper sialding vessels, which are tiun filled with cold water to 
'I hill 2 OI } iiiehes ot the top. iiard watir contaiuing a large quantity of bicarbonate 
I June is better adapted lor the purpose Uiaii ram aater The tire is then lighted 
ui I 11 nut lined ratlin bnskly until the liquor ocquins a deep green colour. The 
Ua\<.b theu begin *o asbuiiie a yellowish loloui, the heat of the liquor being about 

I ill to 160° I'ahr Thi fiic is then tciiumd and the liquot lun oft into the beating 
A ac Ht 1 1 It lb agitated from 5 to 20 minutea It is then mixed with about ^ to yJIgth 
p 11 1 of I HIM wdtei , w Inch produces a spi edy granulation. After the indigo has subsided 
tiie bupirimt ml liquid appcHrs of a clear Madeira w ine colour. The quantity of indigo 
obtaimd, uuiountb to 1 lii from 2^0 lbs. of green leaves ; built vanes according to the 
biason and the state of the weather. In August and l^pteiiiber, the produce is only 
oue>hulf or two-thuds oi what it is in May and June, and even that la diminished if 
the weather is wot, or th< leaves aio ticated immediattly after Ikying gathered The 
bi aiding requires about thru hours and the agitation and precipiUtion the same 
time, 'riie indigo is inipioied by treating it with a little sulphuric acid The only 
itiult it has IS, that it bitaks into small pieces, unless it has bciu dried slowly in the 
siuide protected from the sun. 

In the bouthern pioviuces of Chmaa species of Jndujoftra is extensively culti* 
> ited for the sake of the dye which it aftords. In the northern provinces two other 
plants are employed by the inhabitants for the same purpose. Mr. Fortune, the 
Mill known Chinese traveller, to whom we owt the description of these plants 
and ot the process of manufacturing indigo fiom them, states that one of them ts 
grown IQ the neighbourhood of bhanghu, and he haa given it the name of ImIim 
tntliyutica. The othir, which is a bpecies ot JumImcio, is laigely cultivated in the 
lull} country near Niiigpo, or rather m the valleys among the hiila It seems to be 
iasily cultivated, it glows most luxuiiantly, and is no doubt very productive. 
Having evidently been intioduced fioni a more southern latitude, it is not hardy in 
the province of Chekiang any iiion than cotton » about Shanghae ; but nevcrthelesa 

II succeeds admirably as a summer ct op It is planted at the end of April or beginning 
of May, after the spring frosts are over, and it is olcated from the ground m 
Detobtr. During this period it attains a height of a foot or a foot and a half, becomes 
very bushy, and is densely covered with large green leaves It is cut before any 
flowers are formed '1 he plants aie grown, not from seed but from cuttings. 1 hise 
luttmgs consist simply of u poition oi the stems of the previous year, which a^r 
being stripped of Uieir leaves are tied into bundles, each contalnuig upwards of 
lUUO, and kept during the winter in a drv shed or outhouse, where alter being firmly 
packed together they are banked round with dry loam, and covered with straw or 
litter so as to protect them from the frost During the winter months the euttings 
remain green and plump, and although no leaves are produced a few roots arc 
generally found to be formed or in the act of forming when the winter haa passed 
and the season for planting hu come roond. in this slate they are taken to the fields 
and planted. The weather during the planting season is generally showery, sa this 
happens about the change of the monsoon when the air is charged with moisture. A 
few days of this warm showery weather is sufficient to establish the new crop, whieh 
now goes on growing with luxunanee and requires little attention during the summer, 
indeed none except keeping the land free from weeds. In the country where this dye 
IS manufactured there are numerous pits or tanks on the edges of the fields. They are 
Dsually eircnlar u fbrm and have k diameter of about I i fimt aud a depth of 2 feet 
About 400 catties * of stems and leaves are thrown into a tank of this sise, whkfii it 


* A ChlocM Cittjr U equal to Itlb 
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t)u n filled to the brim with clear water. In five days the plant is partially deeom 
poaed, and the water has become }elIowish -green m colour. At this iHiicnl the 
whole ot the atema and leavca are rtmored from the tank with a flathended broom 
made of bamboo twigs. \^hen every particle has been removed, the woikinin eni- 
jdo^ed give the water a circulai and rapid motion with the biooms Just noticed, which 
IS eontiiiued for some tune. During this part of the opi ration another man Ins 
ciiiplo^id himself in iiiixiiig about thirt} catties of lime with water, which water his 
lieeii taken out ol the tank for the purpose. This is now thrown into the tank, and 
the tapid eneular motion oi the water la kept up for a few minutes longer. Whin 
t)ie lime and water have been well mixed in this way the circular motion is allowed to 
cease Four men now station themselves lound the tank and commence beating the 
wulei with bamboo rukca made for this purpose. The beating process is a vei y 
gentle one As it goes on, the water gradually changes liom a greenish hue to a 
dingy }(llow, while the fioth iK'Comcs of a beautiful bright blue Dining the ploc(s^ 
the head woikman takes a pailfukof the liqnid out of the tank and be its it rapid! v 
with his hand Under this operation it changes colour at once, and its value is 
judged of by the hue it pusents. The beating process generally lasts for about 
half an hour. At the end of this time the whole of the surtkee of the liquid is 
eoverid with a thick coating of froth of the most brilliant colours, in which bliu 
pn dominates, especially near the edges At this stage, it bung desirabk to inoor- 
poiate tliL tioth with the liquid below it, it is only necessary to thrown small quantity 
of eiibh igc oil on the surface of the froth. 1 he workmen then stir and beat it 
giiitly with their fiat brooms fora seooiul or two, and the whole instantly disappeiis 
'J he liquid, which is now duiker in coloui, is allowed to repose for some hoots, 
until the colouring matter has sunk to the Iowct stratum, when about two thirds of 
the Iiouid 18 draw n off and throw n aw ay. The remaining third part is then drawn into 
11 small square tank on a lower level, which is thatched over with stiaw, and here it 
r( mnins for three or four days By this time the colouring matter has separated 
Itself from the water, which is now entirelv drained off, the d}e occupying tliiee or 
tour inches of the bottom in the form of a thick paste and of a beautiful blue colour. 
In this state it is packed in baskets and exposed tor sale in all the country towns m 
tins part of Chino. Like the Shangliae indigo, made fiom hatu mdigotna^ it is 
lalltd “ 7\f n-chtny** by the Chinese — Gardner* a Chtmtcle and Agricultural GaztUt, 
April 8th, 1854. 

The cultivation of indigo in Central America, has fkllen off very much of late yeais. 
NicHKigui foriiuMl> exported annually about 5000 bales of 1501^ each At piesent 
the expoit probably docs not exccid 1000 or 2000 bales Under the government of 
bpiiiii, the state oi San Salvador produced fiom 8000 to 10,000 bales annually. A 
piece of ground equal to two acres generally produces ftt>m 100 to 120 lbs at a 
cost of not far from 30 to 40 dollars 

'Fhere is an indigenous biennial plant abounding in many parts of central America, 
w Inch produces mdigo of a very superior quality, but gives less than half tlie weight 
which IB afforded by the cultivated species The Indtgo/era dxsperma is the species 
employed in cultivation. It attains its highest perfection in the richest soils. Jt 
w ill grow, however, upon almost any soil, and is very little affected by drought or 
by superabundant rams In planting it, the ground is perfectly cleared, usually 
huint over, and divided with an implement resembling a hoe into little tienches, 2 
or 3 inches m depth, and 12 or 14 apart, at the bottom of which the seeds are strewn 
by hand, anMightly covered with earth. A busliel of seed answers for 4 or 5 acres 
of land. I^Vicaragua it is usually planted towards the close of the dry se ison m 
April or May, and attains its perfection for the purpose of manufacture in fWitn two 
and a half to three mouths. During this time it requires to be carefully weeded, to 
jircvent any mixture of herbs, which would injure the quality of the indigo. When 
it becomes covered with a kind of greenish larina, it is in a fit state to be cut. This 
18 done with knives at a little distance above the root, so as to leave some of the 
blanches, called in the West Indies ** ratoons,’* for a second growth, which is also m 
readiness to be out, in ftQm six to eight weeks alter. The crop of the first year is 
usually small, that of the second is esteemed the best, although ^t of the third is 
baldly inferior. It is said that some fields have been gathem fbr ten consecutive 
years without being re-sown, the fellen seed obviating the necessity of new plantings. 

After the plant is out, it is bound in little bundles, carried to the vat, and placed in 
layers m the upper or larger one called file steeper (tnojadora). This vat hoUt fiW 
1000 to 10,000 gallons, according to the requirements of the estate. Boards loaM 
with weights are then placed upon the plants, and enough water let on to cover toe 
whole, which is now left to steep or ferment. The rapidity of this pToeeff dep^w 
much upon the state of the weather and fiia condition of the plaoL Sometinai it » 
occomplished m 6 or 8 hours, but generally requires frotti 15 to 2(K The proper lengw 
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of time ii determined by the coloar of thefatumted water ) bat the great aceret ia to 
rhcck the fermentation at the proper point, for upon this, in a great dagree* dependa 
the quality of the product. Without diHturbing the plants the water ia now drawn off 
b> cocka into the lower vat or ** beater '* rpp/peodoro), where it la strongly and ineea- 
santly beaten, in the smaller estates with ]>addles In hand, tn the laW** hy wheel! 
tum^ by horse or water power. This is coBtinned until it thanget Irmn the green 
colour, which it at first displaysi to a blue, and until the eulooring matter, or floooulm, 
shows a disposition to curdle or aubaide. This la •onietmiet hastened by the inAision 
ot certain herbs. It is then allowed to settle, and the ^ itvr is carefuil} dtawn off. 
Thu pulp granulates, at which time it resembles a fini soft clay : after which it la 
put into bags to drain, and tlien spread on cloths in the <iun (o diy. When properly 
dned,it is carefully selectidriu ordingto its quality, and pa< hinl in hide cases. if>() Ihs 
called tfrons 'fhe quality has not le*is than 9 gradauons, the best being of 
the highest figuu I'roin 6 to 9 are called and .ire the last, tVoiii 3 to 6 

rorte*: from 1 to 3, inclusivu, cobreg. The two poorer qualities do not pay expenses. 

A minsttna of 100 3 aids square produces on an aver.i^e about one rcrooii at each 
cutting., After the plant has passed through the vat, it is required by law that it 
shall 1)0 dried and burnt; because in decomposing it generates by the million an 
annoying insect called the indigo fly.** 

'fhe following aciouiit of the manufacture of indigo on the Senegal is taken from 
l\rottet*a ** Art di* Tlndigotier ” : — 

The land destined to the cultivation of the plant ought to be perfectly level and 
fit o from undulations, so as to prevent tlio seed from being washed mto the hollows 
or lower parts by the heavy rains so frequent in the tropics Soils of a greyish colour 
abnuuding in clay are not adapted for the purpose, as they arc too compact and cold. 
Sandy soils of a whitish coloar most also be avoided. Light soils, abounding in 
humus or vegetable remains, and having a colour between grey and dark brown, 
are to he preferred to all othiTs. The soil should, at all events, not be one very 
retentive of moisture. The quantity of indigo obtained from the same weight of 
plant may vary, according to the soil, from 4 lbs. to 10 lbs., and the quality also 
varies in a corresponding ilegree. The extent of ground which is required for the 
produaion of ludigo on a large scale is so great that the use of manure becomes 
uliiio^ impoMible Nevertheless the employment of the refuse of the plant, atti r the 
extraction of the indigo, as a manure on fresh plantations, is found to he attended with 
very beneficial results. The ground, if new, niust be turned up by means of a ; lough 
or hoc, to the depth of at least 10 or 12 inebis, three times successively at intervals of 
3 mouths, before the sowing takes place. The sowing must only he undertaken 111 
fine weather, never during heavy rain. The seed employed shonld be perfectly iipe, 
and, if possible, not more than one year old. It is to be left in the seed-vessels iii 
which It 18 contained until the time when it Is wanted. The latter are then put into 
a wooden mortar and reduced to fragments, and the seed is sepanited by winnowing 
from the dust, debris, &c., with which it is mixed. The sowing is to be effected 
broad cast and as evenly ns possible It should take place, if possible. Just before the 
approach of ra’.n, in which case ihi use of a harrow is not required, as the rain gene- 
rally has the effect of completely levelling tho ground and covering up the seed w ith 
soil. The Jndtgofera Unctoriu, and its varieties macrocarpa and fmargwata, being a 
plant wiU^ numerous crowded branches, it is not necessary, in sowing it, to take more 
than from 6 to 7k kilogri, of seed to 1 arpent of ground ; but the Indtgojem Mil, being 
more sparingly branched, and therefore taking up less room, requires to moro 
thickly sown. At about ten or twelve days after sowing, when the yoang indigofenr 
liave attained a height of about 81 to 108 millimMres, the ground must be careftiliy 
weeded, and this operation must be repeated as soon as the weeds have again made 
their appearance and commenced to interfere with the growth of the crop. vHien the 
season is favourable three months are generally sufficient to enable the plants to attain 
the degree of development necessary for the production of indigo. At the peri^ 
when tnflorescenoe commences the plant is fkr richer in colouring matter thjMi at any 
other. As soon, therefore, as there are any indications of flowering, a^ when the 
lower leaves, in the axils of which the flowers appear, lx gin to acquire a yellowish 
tint, and when pressed in the hands produee a slight ciackling noise, no uiht must 
be lost in catling down the plant This is efibeted by means of good knives or sickles, 
and as near the gronnd as possible. The stems, after being cut, are tied together into 
bundles or sheaves and carried to the manaffiet^. Since the cohmring prinei^ of 
^e indigofira is extremely soseeptibleof ebaoge by the action of destmetive ageneiesi 
it isnecessary tonse thentmoct despateb In gathering the erop, and to have the mann- 
Ihclory of snob a sine in proportion to the pbiatatson, that no time maybe lost hi wvh* 
ing up the material as soon ns grthered. The plants mnston no account be out when 
they are moistened either with rain or deWtbeoaiise in this case they aoqttire a blackish 
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tint in roDieqaenee of tbc friction to which they are exposed m cutting them ami 
Inking them to the manufactory, this tint being a sin of the disappearance of the 
colouring matter. Besides this, it has been observed during the continuance of 
rain the indigo-producing principle diminishes very considerably, and sonictinus 
e\cn disappears entirely, so that, if cot during or Immediately after ram, the plants 
yield little or no indigo. The indigo plant is subject to the attack of a green cater- 
pillar. whith sometimes appears in sneh quantities as to destroy the whole crop No 
certain and easy means of destroying this pist is known It has been recoin mended 
to pass woiKlon rolleis over tiu ground, before the plants have attaimd any great 
Bi/e, so as to crush the caterpillars without injuring the plants, and this plan has been 
attended with partial success 

111 order to obtain good results in the mannfactnro of indigo, it is necessary that 
the plants should lie of the same age, of the same species, and from the same field 
"I'lie tmhqufera and begins to firmeiit several hours sooner than the I fmetorm, 
BO thit if a mixture of both lie taken, the produce from either one or the other will he 
lost, and the indigo obtiinid will oImi he of a bad quality The plants should, as 
soon ns possible after being gathered, be placed in the steeping sat, which is a vessel 
built of hruks, and well lined aith cement, from 3^ to 8 meties in lengtli, of the 
snini* aidth, and almiit 1 niitie deep In this vebsel the plants are unangid in biic- 
eessive layers, the lower layers lieing slightly inclined towards one end, in ordt r to 
f Kiiitite the Buhscqnent lunniiig oft oi the liquor The vtssil being full, a number 
of poles of fir wood an laid lengthways ovei the plant'*, «it a distance of IbJ mill 
from one another 'Ihrec beams are then laid ero^swise ovci the poles, then ends 
being wedl scHiiied by pissing them tliiough slits which are cut in the upright 
posts at the sides o^ the cistern, and then fixing them by means ot iron pins, passing 
tliiough holes in the posts By this means the plants are pi evented fiom rising above 
the surface of the liquor during the process of maeerition The sat is now filled 
With water from an adjacent cistern, in which it has been allowed to stand for 
hours for the purpose of allowing all foreign matters contained m it to be depo- 
sited After standing in contact with the leaves foi about 6 hours, a change usually 
begins t > manifest itself in the liqii ir, which must therefore, from that time forwaid, 
be caiefully watched As soon as this liquor begins to acquire a green colour, and 
when a little ot it on being kept for a short time in the mouth, leaves a slight impres- 
Sion of harshness (dpreM) on the tongue and the palate, it is a sign that the macera- 
tion IB complete, 11 id that tlit liquor should be drawn off without delay. If this be 
not done, the colour of the liquot changes from green to brown, a new species of 
ferment ition commences, accompanied bj the formaiion of acetic acid, and the 
|[>lant begins to yield substances of a mucilaginous nature, which contaminate the 
indigo, and completely spoil ito quality. It is thnefore of the greatest importance 
to uscertiiiii exactly when the maceration of the plant is complete The following 
are the chief indications of this point having been attained . — 1. When the water 
which was at first clear begins to become muddy and acquire a slight greenish tinge 
2 When bubbles of a greenish colour nse to the surface here and there 3 When 
towards the edge of the vat some mucila^, or a kind of greyish scum, commences to 
he formed^ 4 When a very slight puride pellicle is observed on the surface of the 
liquor, especially near the comers of the vat. 5 When the liquor begins to exhale a 
slight but not disagreeable odour of herbs When the fermentation has proceeded 
too far, the following phenomena present themselves < — 1. A considerable quantity oH 
large bubblesj^ir are disengog^, which burst at the suffiice, forming a layer of 
greyish muen^ 2 Tlie surface of the liquor becomes coif red with a copper- 
coloured pellicle. 3 A heaving of the liquor in the vat is observed, giving nse to 
the disengagement of large greeniih hubbies which communicate a brownish colour 
to the water. 4 The liquor acquires a fetid smell, a strongly acid taste, and a soapy 
appearance. These phenomena manifest themselves when the weather is hot, after 
the fermentation has continued about 12 or 14 hours. It then becomes impossible to 
obtain mdlgo of good quality, the onlp product being a black matter resemoling was* 
The liquor la now run oft from the steeping vat into the heater, which is a cistern 
of about the same dimensions as the former, hnt situated at a rather lower level. Here 
it 18 sutjected to the beating process, the object of which is to expose the reduced 
indigo to the oxygen of the atmosphere, as well as to promote the diseilgagencu^ ” 
the carbonic acid gas with which the liquid is charged, and which prevents the pre* 
sipitatioD of the ludigo. The beating la performed 1^ men, who, provided wiin 
paddles, agitate the liquid rapidly, so aa to bring every part of it suooesitu’rfy 
contact with the air. It » of importance that this proceis ahould be brokca odf rf 
tight moment, tbr if it be continued top long, the gratu formed ad irvt will redh**Ht« 
end be lost. And if, on the other hand, it be arrested belbre the proper tod to 
tmved, a poruon of the indigo will remain uupvecipttoted. la order to oe i i l tf” 
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what «titi the liquor \s a little of it must he poured tnlo a drinking glav and mixed 
with an equal Tolnme of cleat water If (here la formed rouud the c rouuifirence of 
til glass A lint of a hluish-green colour the heating muat he contfnned ; but if on the 
contrary tht liquid oppt ars of a uoitonn brown colour and if on adding to it a frw 
dr tpH of ckar hme wa(< r with the Anger the indim piu ipitMet iiimtdiuteh m gdalns, 
the process must be ai rested 1 he 1 h sting usnally net nptea Arom uti hour and u k ilf 
to two hours The liquid is now to be well niixed with abdttt of its rulotne of 
clear lime witer and allowed to rest until the ludigohnn quite luttled fly opening 
Slice the plugs which art placed at difterent hr if^his In the Side at tlu vesStJ 

the cleir liquor is tli« n drawn off iii m paratc portions and permitted to run nwa^ cure 
iHiiig taken that non ot the indgo w allowed to be carntd away wii)i the witer 
H\ iiif nis of anoinning situated near the bottom ot the liating Tat the ludigo nuMd 
w til w lur IS thin run off, uud Aowtng tliiough a caul ti received on a doth 
still mi or Alter Ilns Alter lests on a round or tour- nmred vessel the ton of 
wh (h IS on a I i 1 with the siirfhcc of thf ground, and whuh is call 1 tlu diMt n 
A\ It I (Ik liqiu is run through ihtfllUt, tht indigo whuh itmams Ixliind m a state 
o( I iMf IS inixi d up amiii with watei, and thi inixtiin it j < imd on a « inviis Alt< r and 
ilio u d to run inimedlati 1> into the boiler Fhi rdusi niatur consisting of liuvts of 
111 plant Bci reiniinsnnthi canTas, while tht indigisusixndi din waUr runs through 
II Im- ili 1 is a > V sst I w nil si U s oi masonry and a Imttom c onsmting oi a c oppir plate 
wl II h lists (n iioii bars and is well cimciited to the sides Uiidiriiesth the ci | per 
) I ti !>• tlu fill place rill t< p must he coviud with a wooden lid, consistinp ot two 
t1 1 | s which arc fixed to Uiiigih ut the sides and meet togither over the top At the 
inoiiuiit when the luixtnrc < f indigo and water is introduced into the boiUi, the latter 
must uln ady be iboui one thirl f 11 of hut water, the mixture lieing suffluent almost 
to fill It entirely Ihe heat is now raised gradually to the boiling point, and the 
boiling 18 contmuid for about two hniir« In order to pi event the indigo irom ad- 
ht rmgto thr bottom and sides < t the Imikr, the liquor mast be kept continually stimd 
w iha womleii rike The object ot the boiling is to drive away nil thi carbonic 
w il that may still be present in the liquor to remove the soluble extractive n atlcrs 
wlmb wrutd render the ludigodull and impure, to prevent the fermentation or putre- 
faction of the indigo which would othcrwiFC take pi ice, and lastly, to faeilitite the 
subsequent proci ssis of filtenng and pressing The fire having been removed, the 
liquor IS allowed to stand for some timi and as soon as the indigo has settled the 
supernatant liquid is drawn off by means of taps fixed in one of tlie sides of the* 
boihr The lowest tap is then opined and the indigo is run eiff with the water and 
re ceiled on a filter, consisting of blue Guinea cloth stretched on a frame The first 
portions of liquid which run through are usually coloured with indigo, and must 
therefore be caught in a suitable vessel and poured on the filter again As soon as 
the liquid has percolated, the indigo, which is now a compact paste is removed from 
the filter by means of a wooden ladle and put into a press which consists of a wooden 
h IX pierced with holes The \ having oeen lined with cloth, the ludigo is put iny 
the cloth 18 folded round it as evenly as possible, a wexiden lid is dropped on the 
cloth and the masa is submitted t pressure by means of a screw, until no more liquid 
runs through at the bottom, which takes palace aa soon as the ineligo has been reduced 
to about a third of its original volume The press is then opened, the indigo is taken 
out of the cloth, laid on a table and divided by means of a knife into pieces of a ciihicai 
shape These cubes are then taken to the dijing shed, where they are placed on 
trellises covend with matting or very thin cloth, so as to admit of the flree passage of 
air Oare must be taken not to dry them too rapidly, otherwise the CUkes would 
crack and split into fragments, which are then of little eommereial value, and it is 
therefore necessary to protect them from ciiitents of dry ait by covering them with 
canvas or Guinea cloth Danng the drying process which occupies from to Id 
dajs, the cakes should he tamed several times They are then closely packed in 
boxes, each box holding about S5 kilogrammes. The boxes should lie lined with fiaper* 

Jt may be remarked, that when the indigo is of good quality, the volume of the paste 
diminishes verv little when sahjeeted to pressure If the process of filtering ttkes up 
maeh time and the pressing is attended with diflkcnlty, it uiy be anticipated that the 
indigo will turn oot of bad quality. This may proceed from the plant having been 
overgrown, or from the maeeralion ot the heating process having been oontinoed toe 
long, or from the employment of too large a quantity of Ume water The dif^ulty 
experienced In pfvMmg the IndigD paste, and which is ofren to grsat ss to came tte 
cloth in which it is enveloped to break, vennsed by the presence of a mneib^noos o# 
VISCOUS suhstsnee mixed with the indigo, which may be removed by treating the paste 
again with boiling water, and repeati^ the operstions of filtering and jpreeeittt. 

In ivgaird to the state in which mdiso exists in the plants from whieh It ledeHvedf 
and the natare of ^ proeeae by whieb it m obtained, various qpbisns have besll 
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9111^1 ( iiiitd cbcmiiti. Rcrthollet in hii work on <l>«ing fays, ** that the throe parte 
oi the proiess employed ha\« each a diflirint object In the fint a fermentation is 
istiUd in whiih the aetiun of the atmonphiric uir iloee not interTtnt, since an in- 
flatiimable gai is evolred. Ikere probably results ftoni it eome chungi in the coni- 
|M>8ition of the rolouriog partides thcnisilves , but i specially the siparation or 
fit strut turn of a ytllowisn suWance, which gave to the indigo a grecnibh tint ind 
rciidtrid it susceptible ot undergoing the chemical actum of other substniues Ihis 
B{HCiiS of ferine tation passes into a dcstrnetive putrefaction bt cause the indigo Ins 
a composition analogous to that of animal sulistancfs Hitherto thi colommgpir 
tichs have priservid thiir lupii lit> In the second operation tin. action ot the air is 
brought Into pla>» whuli by coinbiiiitig with the colouiiiig particles, depri vis tbim 
of their solubility, and gives tbiiii thi blue colour The biatiiig serves, at the siini 
tiiiii to tliMiimlc tbi carhoiiK ai id which is formed in the fiist opeiation, and wh cb 
bv Its action prisiiitsaii obstnili to the eonibiniitioii of the oxygen Ihe sipaiiido i 
of tins acid is pionioted by tlu addition of lime but if uu excess be intrnluccd it 
louiiteiactit the frti (oiiibiiiation of the oxygen llie third part of the pioecss has 
fill Its ohjffts the lie |xibilioti of the eolouritig matter, become insoluble bv conibini 
turn with oxygen its Sfpiriition from foreign suhstanies aid Us disiecation wb h 
gives It more or kbs hardness whence its appearance vanes I>c ( osbigiiy was of 
opinion that volatile alkali was the agent by which the colouring matter wis ex 
trailed fVuin the plant and hell in solution until volatilised by the agitati m pr uebs 
Uosbiiigli ettiuluded fieuii liis iXiieriiiients. * that the indigo plants contain ouly tlu 
base of the colour, wliuli is naturally gieen that much eurlumie acid is disetigiigeci 
during Its extricati ii from the kaeeb that the caiboiiie acid ib the agent whereby it 
IS probably extracted and kept dibsolved , that ammonia is not formed during the 
pioeess that the use of the alkalies employed is to destroy the attraction between the 
luisf and the carbonie acid and tluit the sigetuble base licing thereby set at liheity, 
eoiiibiiies with some colouring piiueiple from the atmosphere, foiming therewith a 
eolouud insoluble ftcula which falls to the bottom aud constitutes mdigo * 

('hesreiil who was the first chemist of any emiuence (o examine the ludigo 
bearing plants and their constituents, inferred iioin his analyses of the Isatih tincUria 
and the Imhqofaa aml^ that these plants contain indtffo in the white oi i educed state, 
111 the same state in which it exists m the indigo \ul that in this btite it is held in so 
lution by the segetabk jtiioeb, and that when the solution is lenioved from the plant 
If lb cons cited by the action ot the ntmosplierie oxygen into indigo blue Giobcrt, 
fit in 111 exaiuiuatton of the /«cffi« (ini fetii, drew the following e melusions — 1 In- 
degti blue does not pre exist iii tlu plant but is filmed during the o]e rations by 
means of wlueh welMlieee it lobe extraeted 1 Ihiic exi-is lu u small iiunilKr of 
plants a iMculur principle, difle rent fiom all the known proximate constituintb of 
plants and whub has the pro|Rity of being con\eitible ml > indigo this piincipk 
iiiny be called im/acoycnc 3 1 bis piiiKiple ditlcis from indign in containing on ex- 
cess of carbon, of which it loses a portiou, in (assiiig into the state of indigo blue, by 
the action of a small quantity of oxygen which it takes up 4 ihe loss of this 
portion of eai bon must beattiibufed toils undergoing combustion, and being con- 
seitefd into carbonic acid 5 It differs in its piopeitics fl'um common indigo in being 
emiourless and soluble lu water and by its gi eater combustibility, which causes it to 
iiudergo B|>outanious eoinbustion at the oidinary tem]Kniture of the atmosphere 
6 Its eomhubtibihty is enhanced by heat and by combination with alkalies, especially 
lime , It IS diraiDisbed by the action of all aeids event carbomc acid About the yeai 
1839, the /ytjdjjlipMi fine foriuiN, an iiidigo bearing plant indigenous to China, became the 
subject of a seats of mvebtigaiions by sevi r il 1 rench chemists, chiefly with a view to 
ascertum whethei this plant, if grown in hrauce, could be ads a ntageously employed in 
the prepai atron of a dyeing iiiatonal as a substitute for foreign indigo Baudnmont and 
Pelletier, after an examination of this plant, arris cd at the conclusion that the indigo 
w lODtained in it as reduced indigo, in the same state as it is m woad, according to 
1 kevreuL Robiquet, Cohn, Turpin, and Joly, on the other hand, expressed a veiyr 
decided cqoyiction that indigo blue pre-exists in the plant, but not in a firee state i 
that It is combined with some organic substance or substances, which render it soluble 
in water, ether and aloobol \ and that the operation of potent agencies is roquisite m 
order to destroy this combinatiOD and set the indigo at liberty 1 he explaMtion of 
f hevreul, proofing from an authority of such eminence, and being the umplestt 
has been adopted by most chemista Nevertheless there ore olyections to it which 
render it inadmissible Reduced indigo » a body which is only soluble in alkaUi>Sf 
and cannot, therefore, be contained as such m the ymee of indigo plants, which w 
mostly acid As it also takes up oxygen with the greatest avidity, and is oonwerted 
into indigo blue, it is diffleult to eonceive how the whole of it can be preterfed « • 
eotonrleas state in the cells of plants, in which it must occasionally oome in conts®* 
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with the oxygen elimm&torl hy ihe eegetable orgitium. If th'ffr plants contained 
reduced indigo, the juice ougiit,’ moreoT«r« to turn blue ihe roomeot t became expostd 
to the atmosphere, which ut not elwa^e the t»w The necemlty ft>r a long proeem of 
fermentation in order to obtain the colouring matter would also not he very apparent, 
tin mere contact with ox)gen Iwing, it might tie luii ixieed, all that woe neeeieary for 
tin purpose. The facility with which the indighohiue ig destroyed if the proceM of 
f«i mentation is carried too far, is also iiiconsistent with the tappooillon that it it eem- 
tamed in plsnu cither os such, or in n dc-oxidised ft ite, since indtgo blue w a body 
not cosilv dccfmi|Mtiad, except b) eeiv poweifulagitits 

In order to throw some light on this siitjeet, an tn\ttst%athm was undertaken by 
bchttork into the stab in which mdigo-blue exists lo the isater tmeturm, or common 
wood, which IS the only plant indigenous to Europe iliat yields any eonsidmblc 
tpi iiititv of the coUmring matter SLhiiuck succeeded in obtidning from that plant a 
HiiliHtanoe of pieulur pmpertiea, to which he givi ihc name of /m/Kaa. This 
substance has the appearance of a }eUow or light brown transpan nt syrup It hus 
a \ lit! r taste It is \er> casil) loluble in water, alcohol, aud ether, its solutions me 
} < lli)\r and haio an atid leaction. Its eompoundt with hoses arc yellow When its 
naury sdaiiun is mixed with a strong acid, such as inunatio or sulphunr acid, no 
< hangs takes place at flrat, but on leaving the solution to ctand, or on hiating it, it 
betoincs blue anil ipuloscent, then acquires a pniqde colour, and at length deposits u 
qiKiiititv of purplish bine flocks, which un qui e insoluble m water. These flocks 
(oiisiKt for the most part of indigo blue, but they contain also a red colouring matti r 
uiid M V* ral blown substances of a rcsinoua nature. The supernatant liquid contains 
u picuhar kind ot sugar, and on be mg distilled, yields carbonic, formic, and acetic 
111 ids Ik net It follows that the plant does not contain indigo* blue ready foiined 
iithir in the blue nr colourless stati. that the latter exists in the vegetable juice in a 
staU of combination with sugir, foriniiig a compound of that peculiar class known to 
i.hcuiistii as yiuLoatties This compound is tcadily dissohed by water, and the indigo- 
blu< may tlicn be liberated and precipitated from the solution by means of acids, and 
probabi> also by otlur ag« nts, but the simultaneous action of oxygen is not necessaiy 
duiifig the proci ss of d< i oinpositiun, which the compound undergoes in yielding in- 
digo blue Now if, as seems prob^ible, the sarious secies of indigofera contain indi- 
c 111 01 some similar sulistanco, (he phcuoincita which take place during the process of 
niaiiulacturing indigo may lasily be explained. During the steeping process the 
iiidican IS dissohid, and lu consequence of the fermentation which then takes place 
in the liquor it is di composed into indigo-blue and sugar. The former would then bo 
precipitated, but snict. aininonia is, according to most authors, evolved at the same 
tune, the indigo-bluc is, by the simultaneous action of the alkali and the sugar, or other 
organic maturs contaiiud in the liquid, reduced and dissolved, forming a true indigo 
vat, from winch the colouring matter is aftirwards precipitated by the combimd 
action of the atmospheric oxygen and the lime, during the beating process. Accord- 
ing to Schunck, two distinct pi nods may be observed in the decomposition of indiean. 
During the first ptriod, iiuhgo blue is the chief product of decomposition { during 
the second, the red and blown usuious matters make their appearance with very 
little indigo-blue. The formation of carbonic, acetic, and fonnic acids is, according to 
Sl hone k, dependent on that of the brown resinous matters It would app^r, therefon*, 
that the copious disengagement of carbonic acid, as well as the acid taste, attributed 
to acetic acid, sometimes observed dnnng the manufacture of indigo, are phenomena 
which indicate the formation, not of indigo-hliie, but of other substances, which may 
prove very injurious to the quality of the ludigo. These substances ^ing soluble lu 
alkalies, but insoluble in water, are precipitated, as soon ss the liquid loses the alka- 
line reaction which it possess! s at the oommenoemi nt, and lieconirs acid. Though 
indigo blue is a body of very stable character, not easily decomposed when onee formed, 
except by potent agencies, still tlie assertion of Pirottet sud others, that ** nothing is 
more fugitive and more liable to be acted on by destructive agencies, than the oolour- 
ing priooiple of the iiidigoknc," will be easily understood wW the foUowuig facts, 
mentioned hy Schunck, are Uken into consideration. If a watery solution of indican, 
this uidigo-produemg body, be boiled for some time, it thin yields by decomposition, 
not a (race of indigo-blue, bat ouU mdigo red, and if it be b tied with the addition of 
alkalies it (hen gties neither indigo-hlue nor indigo-red, but only the brown resinons 
matters before mentioned The mere action of alkalies is therefore «afficient to »f m te 
the molecules, which would othci wise have gone to form indigo-hlne, foarruBge them* 
selves in a totally diffirent n anner andyidd prodneta which bear very Ihtlereiiem* 
blanoe to it It is evident, therefore, that one of the chief objects to be kept in view 
by the msnufimturer of indigo, is the proper regulation of the process ^formentatioii, 
so as to present the formation of the other pn duets, which take the flUce of indigo- 
biue, and are formed ut its expense. ^ 
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Th 0 indigo of commerce ocean in picccc, nhich arc •omctimct cubical, Bometiin< a 
of an irrtgiilar form. Thciie piccia arc firm and dry, and are coail) broke i, the fiat- 
1111 c be log dull and earthy It la aomotimcH lighter, donu tunes ap/Mtent/y luaMir 
than wakr, this difiVnnci deiiendingon ita being more or leas fixe fioni foreign 
iiiipurities, as well as upon the treatment of ita paste in tho boiling, pri<uiing and 
drying ojienitionii. Its colour is blue of different shades, ns light blue, purplish- 
blue, copiary blue, and blackish-blue On being rublied with the nail, or a smooth 
hard body, it assumes the lustre and hue of copficr It is usually a homogem ous mass, 
blit It oe.casionall> contiiiiis grains of sand or other foreign Ixidits, and se^mi times 
presents inequalities of colour It is fiequently full of small caMtics, which proccids 
from tho drying process having been conducted too rapidly, and it is also cohered at 
tiiiiis widi 11 a iiitish matter consisting of mould. It vanes very inue h in consistency, 
be iiig soini time s dry, hard and compact, whilst sometiiiiis it is insily broken luto thin 
flit piues liidigo IS devoid of smell and taste When applied to the longue, how- 
cvti, It adheres slightly, iii consequenee of the property which it pesscsscs of npdly 
nl sorbing moisture a propirty which is often hud rccouiK to in older to asecitaiii its 
qiiilitr When thr«>wii on red hot coals it yields vapnirii of a deep purple toUmr 
which when condensed on oeild liodiefc, give shining niuUes having a coppery luMie 
It IS insoluble in wate‘r, cold alcohol, ether ninriitic acid, dilute sulphuric aeid ce>ld 
eilu leal and fat oils , but boiling alcohol and oils dissolve a little of it, which they 
deposit on tofilmg ( rcosote* has tho proyicrtv of dissolving indigo 

Indigo vaiiis very much iii qiiihty lut it requires much disinmination in onler to 
judge fairly of the quality of any satiiple from mere inspection and application of the 
tcMs iisii illy employed bv elealeis A cake of indigo being bieiken, and the nail or 
the edge* of a shilling lietng passe el with a tolerable degree, of pressure ovei the fVac 
tiired part, a fine coppery streak will be preiduccd it the indigo is good If the mdigo 
fill rows up on each sielc of the nail it is weak and bad, and if the coppery streak be not 
Very bright it is not oemsidired good When apiece of mdigo is broken the fracture 
should be he*ll up to the sun, and, if it has not been well strained from the dioss, 
particles of sand will be seen glistening in the sun light The outside or coat should 
also Iw as fiee fWmi sand as possible W hen the s piares arc bioken m the chests the 
indigo fetches a low price and if it is very much ciushed it is only bought by the 
c onsuniirs for immediate use The mctliods emplov ed for ascertaining the true amount 
of colouring matter in any sample of mdigo will be desenhed below 

liidigo IS gent rally e lasuiffod acceirding to the various countries from which it is 
eibttiined 'llii principal kinds arc the following Bcngdl, Oude, Madras, Manilla, 
Java, Cgy ptian (matemal i, Caraccas, and Mcaiean 

At the I resent elav the finest e|ualitics of ludigo are obtained from Bengal, the pro- 
duce of that country having now taken the place in public estimation which was once 
(Kcupied by that of the Spanish colonics Tlic export of mdigo from Bengal, which 
in 18'iS amounted to 120,000 maunds (of 74 lbs 10 ox ), would require for its culture 
about 1,0J 5 000 acres, and an annual expenditure of 1,300,000/ Of this extent of 
land about 550,000 acie*i is believed to be included m the I ower Provinces and con- 
sists chiefly of alluvial land rescued fiom the rivers The best qualities of Bengal 
indigo arc manufactured in the Jissore and Kisbenaghaur districts, but each district 
produces a quality peculiar to itself, and differences of a less striking character may 
be perceived in the proelucc of different fbetorics The Bengal mdigo, when packed 
in chests consists of four principal qualities, vir , the blue, purple, violet, and copper 
But these kinds, bv passing over into one another, produce a number of intermediate 
varieties, such qlpatply bine, blue and violet, purply violet, &c The various quali- 
ties would, themore, be distinguished as follows — 1. Blue 2 Blue and violet. 
3 Purple 4 Purple and violoU 5 Violet 6 Violet and coppei 7 Copper 
1 lio leading London brokers, however, classify Bengal mdigo into the following 
grades — fine blue, fine purple and violet, fine rcMl and violet, good purple and violet, 
middling violet, middling defective, consuming fine, middling and good, ordinary, 
oidinary and lean trash The finest qualities of Bengal mdigo present the following 
ell iracterisucs They consist of cubical pieces, arc light, brittle, of a dean firacturst 
soft to the touch, of a fine bright blue colour, porous, and adhering to the tongue The 
lower qualities have a duller colour, assume more and more of a reddish tinge, are 
hi IV ler, more compact, and less easily broken 

The mdigo from the upper provinces of India comes chiefly Tyroot, Oude, 
an I Benares It is inferior to Bengal indigo , 

Of Madras mdigo there are two kinds, via « 1. Dry leaf, made from dry stacked 
Uav es t and 2 Kurpah, which is mannfiMtured frond the wet leaf in the same wey as 
Bengal indigo 1 he latter has only come into use since 1880 Both are of mfenor 
to Bengal indigo 

The Manilla indigoes present the marks of the mhos upon which they hate wca 
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dried The piocofi are either ( ubioal, or flat ind s()nan or oTinvgnlar shape The 
quality IS Terr unequal Jam lodigo oc eni s in flat, sqnanv or loaengthahaped masst • 
thi |ualit\ api nm< hing that of Bengal Both these kinds are eoeipKnvd ohiefly on 
th( continent oi I uropi 

(•uateniala indigo is imiKirted into this eonntry In wona or hide wrappen, each 
containing about 1^0 Ibn net It oeeun* tn small imgiilar pliceo, whieh are more 
or leM brittle compact hter than water and of a bright blue ooloar with an oeca 
sional tinge of ^lokt I here are three kinds of Onatetuala indigo, Tia I Flon^ 
which 18 the lK8t 0 ! I anproiulua in |imi ty that of ih finer Hcn^ indigoea, J 
hohres and 3 i orte«« nhuh is tli lowtst tn quality bii ig heary, dlllllcuit to break, 
and ol a coppery nd (cilonr Of the first ktnd Ter} little now reoehen the market 
Thi indigo of Cm net »K is, geiuxallY speaking inferior to that of Guatemala 

n ni inufaeliiri of indigo na*i fomurU irritd on in St Domiogo bnt has hr 
some time been entire )v ahandc ued 

Th( mdigo of inmmerte eten when not adulterated is a mixtuu of diffiniit 
ninii T> Whi IS heated m a stab of fine pondtr to iia^ F it 1 sts from 'i t » ]0 
f 1 r < HU in n i ight tho loss consisting < f wati r W lu n the dry powih r is ho it< d in 
i crucible, a gmt part of it hums aw*i} and thtrr is hfl at lust a greyish U8h con 
a sting of the carbonates and phosphatts of time ahd magnesia, siilpliatc of hme alu 
mill I oxide c f II n clay an 1 sand i htst matters art partly derived fVom the plant, 
pfirtiv from the Itni and the impurities 1 tht watci em|>l>}(d in the nianufiictun 
I ht quantity of inorganh m itter contained in ordinary indigo varies tc ry much In 
th( iKttcr quit tus it amount i on an aTn \fK to about lo per cent of the weight , 
Mhiist in the iri nor ^aliius especially of Madras indigo it often rises to between 
30 aud 40 per cent The orginu portion of the mdigo oi that nhich is dissipated 
when indtM is heated, alvi consists of several different substances 

By treating indigo with Mrious sohents Hern has obtained, besides indigo blue, the 
tint colouring matter of indigo three other bodies, \ is mdtffo ghtm tndiqo-b/oun and 
fse/iis) mf, which seem to b contained in various pmpoitions in all kinds of mdigo 
Indigo gluten is obtained 1 \ treating mdigo with dilute aulphuric, muriatic, or aietie 
Be id and then with boiling a ater It is left on evaporation of its solutions as a } ellow 
transparent extiaet, which is soluble lo spirits of wine and C'isily soluble in water, 
moic difficultly in i< id liquids Its taste is like tb it of extract of meat It yields by 
dn distillation much amnion ii ind a ft lid oil, and bchaics in most respects like vege 
table gluten On treating the mdigo, after bung treed ft om the indigo-gluten, with hot 
stiong canstu l}e the mdigo* broan together with a little indigo blue dissohes, 
f rmtng a daik brown almost black solution from which the mdigo brown aftei fil- 
tration from the portion insoluble in alkili is precipitated by means of acid After 
being purified, indigo brown has the appearance of a dark brown transparent resin, 
which IB almost taste less and quite neutral Hy dry diatillation it alforda ammonia anel 
( mpyrrumatic oil It is decomposed by nitric acid and chlorine It combines both 
with acids and bases Its comtounds with xlkalies are dark brown, and easily soluble 
111 water Ihe compounl a th Isirita is not easily solnble in water, and that with 
lime 18 insolnble Bv boiling the alkaline compounds with lime m excess the mdigo- 
1 r iwn mav he separated and rendered insoluble The gree n substance obtained by 
C hevreul ftrorn mdigo seems to have been a compound of indigo brown with ammonia 
containing a little mdigo blue, either in a state of combination or mechanically inter- 
mingled Indigo brown seems to bear a great resemblance in many of its properties to 
the brown resinous substances obtained by Schnnek in the decomposition of indiean with 
acids From its constant occurrr ncc in all kinds of indigo, it may be inferred that it is 
not a mere accidental iropunty but stands in some unknown relation to indigo-hlne As 
long however, as its origin and < fimposition are unknown this must remain a mere 
supposition After th< removal of tne mdigo gluten and mdigo brown, the indigo is 
exhaosted with boiling alcohol of speriflc gravity 0 B3 A dark red solution is obtained, 
which IS filtered and distilled when the indigo-red contained m it is deposited as a 
blackish brown powder, which is quite insoluble both in water and in alkaline liquids 
Indigo red, according to Berxelius, is amorphous, but by distillation in vacuo yields a 
white cr)stalliDe •ubiimste, as well as unchanged mdigo r f Concentrated sulphuric 
acid dissolves tf, formings dark } ellow solution, which deposits nothing on being mixed 
with water , the diluted solntion is rendered colourless by wool, which at the same time 
acquires a dirty yellowish-brown or red colour The description given hy Benelins 
leaves it donhtftil whether the mdigo nd obtained by him ftrorn Indigo was a pure 
uumixtd substance From the leaves of the indigoferar as well as from those of the 
iMtiM nurinrut, a substance may, according to Schunck, be extrasM which has re- 
ceived ftom him the name of lamrabiae, but which seems to be merely Indigo-i^ m a 
state of purity Tins snbctanGc has, according to bchqnek, fhe following properties . 
It crystallises in small ulk} needles of a brownish-pnrpk colour, which when rubbed 
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with A hard holy iihow a ilight bionic likt lustre When CBriTully henttrl it may be 
tiitiiiU folatilibcd yielding A ydlowitth rtdvaiioiir w hub condense 6 in thi form of long 

I I Ml ( hurcl ntedUa hiving a slight me Inlliu lustre It dissolven in concentrated 
bitiiliiirie ueid toriiiing a dilution of a beautiful purple colour, vrhich when diluted 
w ith wAte r } It Ids no di pos t and then imparts a fine pm pie colour to cotton, wool and 
Nilk It IS iiisoliihle 111 watei but dissolves in boiling ulcohol with a splendid purple 
«ol )iir It IS inb ilubh in alkalies but dissolves wht n exposed to the combined action 
of alkaluR and reducing agents, just as mdigo blue does, funning a solution from 
vrhieli It IS a^uiii precipitated on exposure to the oxygen of the atmosphere This 
solution l>es eoiton purple In most of its propeiticb this body bears a striking re- 
N mhlaiiec to indigi blue and the coin]KMitioa of the two is identical 

It has 1 h n doubted whether these various sub tance*s or impurities with winch 
itidig) blue IS issociiited produce any effect in the d>eing pioccbs on cotton In a 

III iiioir by hehwaiienberg to which a pinte was awareled by the Sueicte Ineliibtnelle 
dt Miilhnuac the author arrives at the eonclusion that neither indigo gluten indigo 
bt >wn, nor imligo ledgiees rise to an) npprteubU eflict when uddeel to an indig > vat 
pie piled with pure indigo blue Ne %erthelebseiift(ienc(s are oWn able in d)eiiig with 
elifl lent kinds of iiidi^o which cm oiil> be ex| lamed on the buppe>sition that some 
tliiiip, h bides indigo blue lakes part m the print ss. In the onlmary blue vat, made 
with e ipp ra<» and lime ati) effect which might he produced in dyeing, by the nidif^o 
biouii lb 111 iitialisid by the lime, which forms with it an m soluble compound Indigo 
ltd Imwivii dissolves as mentinied abm in eontaet with alkalies and redne ng 
1^,1 iits and the solution iiniartsa i utile eolour to cotton In the oidinary iiidigo 
\ It Its piisiiict 111 1 ) I dete ted b) precipitating a portion of the liquor and treating 
th I Help tate with I tiling akohol whieli then usually aequires a red colour It is 
pi smIiIi* the re fore th it i sm til part oi the eflect produced in dyeing with indigo may 
Ik due te> mdigo led 

I hit loitioii of the in hgo which remains after treatment with acid alkali, and 
lie )h )1 eons sts esbentially eif mdigi blue, the tine cetlemring matter of mdigei, mixed, 
h twev r, with sand e irthy particles and other iiupuriticB In order to puiify it, the 
u due will still UK ist IS to be mixed with lime the quantity of which must aiiieiunt 
to (w e the weight ei the ciude mdigo, and which ha& been previously slaked with 
M It I I he iiiixtuie is then put into a bottle capable of holding about 1 >U times 
Its A 1 mil f watet III 1 the bottle is hlled up with bi iling water and shaken A 

(|iiintii) 1 hiuh I e 1 r d protosulphatc eif iron, amount ng to j of the weight of 

tiu line IS then all d the bottle is closid with a stopper, well bhaken, and left 

to St iiiil t r sc vet il hours in a warm plaec The mass griduall) beceimes green and 

th in lig » blue is the n converted b) the preeipitated protoxide of iron into reduced 
in I get which dissolves in the excess ef lime, forming u detp yellow solution This 
s )1 itiou when deal is |K)ured oft fiom the depe sit inte> a vesbtl containing i sufficient 
epiantit) of dilute muiiatic acid to supersaturate the whole of the lime 1 he reduced 
iiiiligei which IS precipitAted m greyish white ftoeks, is agitated with water until it his 
Im c line blue, and the rcgcDeratid mdigo blue is collected on a filter and washed with 
water, in order to Fimove the chloride of calcium and excess of muriatic acid The 
following method of obtainmg pure indigo-bluc has been iccommended by Fntzsche 
4 o/ of crude mdigo and the same weight of grape sugar are put into a bottle capabl 
of holding 18 lbs of water, a solution of 6 or of eoneentrated caustic soda l)e in 
alcohol IS tlun added, after which the bottle is filled with hot spirits of wme of 75 pel 
( 1 nt , and the whole is left to itself for some time I he liquid becomes at first wme red, 
then \i11ow and^^ being filtered and left exposed to the oir, deposits the indigo blue 
in h n ill Cl V stalll^Kcides, which are to be filtered off and washed at fiut with alcohol, 
a (I then with water 

Pme mdigo blue has the following properties —Its colour is dark blue inolmmg to 
purple hen rubbed with a hard body it assumes a bright coppery lustre It has 
ntithcr taste nvr smill possesses neither acid nor basic properties, and belongs, as 
n g II ds Its cbtmical afiinitieb, to the class of mdifterent substances. Its specific gravity 
IS 1 «)0 When heuttd in the open air it melts, boils, and burns with a smoky fianie, 
leav mg a carbonaceous residue Hut when it is heated m a vessel partially closed, or 
in \iuno, it begins to evolve atm temperatuie of about 550° F a violet coloured 
> qoiir which condenses on the colder parts of the apparatus m the Ibrm of kmg 
ei)stalliiK needles which are blue by transmitted light, but exhibit by reflected light 
a beautiful eopper) lustre. These needles are unchangid mdigo-hlne, A gfsat 
portion of th( mdigo bine is however decomposed during the heating process. Iwg^ 
blue is msoluble m water, alkalies, and dilute acids lulling alcohol and bodi^ 
of turpentine dissolvo a minute quantity of it, and deposit it again on ooolmg Fi^ 
oils aibo diBRolvi a little of it at a heat exceeding that of boiling water, yielMg Wu* 
Buhitions, the colour of which, when th& heat is fhrther increased, ohaogeib teeocding 



INDICfO. 


GG9 


to Mr Crum, flrft to crimion and then to omnge. Bj tin' action of dilnie nitric and 
chroniii acids indiKo-bhu is dcrouiposed and oonverm into im/iim, a bod^ soluble in 
water and crystal in n.*d nec«lk‘S (Chlorine also decom|>oies indi^blue, 
chanf^ing it into « /i/oMwil/nr, a suhstaucc haritij^ properties rery similar to tlioae of 
isntiiic Both isatinc and cblorisatine atford with different reagents a jpwai number 
of piodiicts of deroiu|M>sition, none of which Iiatc, hosi m i, aa yet found any appUcs” 
tion in the arts. B> the long coiitiniu*d m turn of boiling nitric acid indigo blue is 
vouverted, tiisi into nHittjuUv am/, a shite or} stallino lu id, and then into ntht^pterir 
and, whn li is yell4)u ui if crystal listed. 'I In* latter is sonici lines einplo)cd for iiupari- 
iiig a )<‘!low colour t4> silk and wool. Imt it is geuenlis pie|>ar«d ftom cheapt»r 
iiiatiriaU than indigo bliu Ihe action ot oouocntrati<l sulphunc acid n indigo* 
Mii«> IS ver} remarkablt WIkmi the acid » poured on the pun* substAntc and gently 
III at I 1 It ttciiuires in the first instance a green < olour, wbiih clianpa offer some tiim^ 
to blue No gas of any kind is evolved \^hen liowevei ci udr uidigo ii employed, 
there is a peret*ptihle disengagement of sulphurous acid, n suiting fioiii the action of 
tlio ^imdttiric tt id on the iinpuritieM of the indigo, such os the uidigo-gluun, &.c. 
Oi. aiMiitg wAti r t solution of u beautiffil dc«p blue colour is obtained. The flitun d 
Iii|um! rM»ntain« a peculiar acid, to which the uamis of ^ tulphindajotm 

or eatulM^iulphunc acid have been appbed. 

1 Ins m id IS a vo-Ciilled double mud. It contains indigo-bliie and sulphuric acid, but 
in ^ (ha peculiar stio combination, that neitlnrol the two constituents cun be 
dtiect(d by orti 111111 } ii-agtntR, nor again eltuinuUd uh suih from the compound 
It combines Mitb liaaes, without citlitrof the two couhtitiicnts separating. The coin- 
pound i aiv ( ilhd nidufit-Mulphati^Vt and are, like the acid, of a dark blue colour. 

W hen the solution of indigo bliu iii cotici titrated sulphuric acid is diluted with watir, 
there isu6iiall> formed a snuU()uantit) of a dark blue flocculent precipitate, which is the 
phtnuine of Mr.Cium, or the tndiga-putpU of Berzelius. It is a compound of iiidigo* 
blue with siilpliiiiic acid, cuiitaiiiiiig less of the latter tliau ludigo sulphuric acid. It 
IS aUa}8 formed when the quantity of sulphuric acid employed » not more than 
light times that of the itidigo-ldue, or when the action of the acid on the latter has con* 

{I }U(.d for only a short turn. By heating it with an excess of acid it is changed into 
indigo*stilphuiic acid 'i'hough soluble in ooncentiatcd suipburic acid, it is nisoliihle 
III the dilute ucid, and hence is piecipitated on the addition of water. On filtering 
mid washing, however, it Ik gins to dissolve, as soon as the free sulphuric acid has 
Ikcii n ino\ 1 d, and iiiui tluri Ik' lompieUd) dissolved by pure water. The solution 
has a blue colour, just like that ot indigo-sulphiii ic acid. Its compounds with bases 
li ivc a blue colour with a purplish tiiigc. The blue acid liquid filteied ffrom the iu- 
digo-piirple on licmg supersaturated with carbonate of potash or soda, deposits a dark 
blue powder, whicli consists of the indigo-sulphate of potash or soda. These compounds 
ore insiduhle in waUr containuig a large quantity of neutral salts, and are therefore 
precipitated when the excess of sulphurio acid is neutralised by carbonate of potash 
fw soda As soon, however, as the sulphate of potash or soda hns beeli removed by 
washing, the iudigO’Sulph.it«‘ inu} 1 k' dissolved in pure water, yielding a dark-blue 
solution The indtgo-sulph itcs of the alkalies may also be prepared by steeping 
wool, previously well cleaned, into the solution in sulphuric acid. The wool takes up 
the colour, becoming of a dark blue colour, and after having been well washed with 
water, in order to remove Uie excess of acid aa well aa the impurities which are 
alwa)s present in the solution when crude indigo has been employed, is treat^ with 
carlxinate of potash, soda, or ammonia, which separate the acid fVom the wool, and 
pnKluco blue solutions containing the salts of the respective bases. The Indigo- 
bulphat(*s of the earths and metallic oxides, which are mostly insoluble blue powders, 
may be obtained from the alkalme salts by double decomposition. By an excess of 
caustic alkali, ludigo sulphuric acid is immediately decomposed, giving a yellow 
solntion, iVum which it is tnqKMsible to obtain the acid again. By means of teauelng 
agents, sneh as sulphureUed h}drogcn, nascent h)drogen, proiosalts of tin and irw, 
&c., indigo-suiphnnc acid is decolorised, but the colour is restored bj the oxygen 
of the atmosphere. Indigo-sulphunc acid, in a free state or in eombioation with 
alkalies, is emplojed in the arts for the purpose of importing a blue colour to silk 
and wool. It has very little affinity for oOtton fibre, but is nevertheless employed 
oceasionally for blueing white cotton-yam and other bleached god^ 

By treatment with strong boiling caustic potash or soda lye, indigo-blue isgfidnally 
decomposed and converted into a oolourlces crystallised acid, awiroaihe ocu/. By 
weak solutions of caustic alkalies, it is not in the least affected. U; however, it bt 
suhiected to the combined action of an alkali or alkgline earth and some body 
having a strong affinity for ux}gen, such aa protoxide of iron or tin, sulphur, sul- 
phurous or phosphurous acid, or, organic matters, such as grape-sagar, &e., it 
dinppean by degrees, yielding a yellow solutioD, containing in the place of indigo. 
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blue anotber lubstanct winch has been called uuUqo-iLhth mil loqene or teduced 
inihjo Wheu an ixctss of bouic u(id is uddtd to the )cllow 6)lula)u the indi^o- 
wliitt iR piiCipitaUdin ^hit( or gri}iRh white flocks, which on filtntion and exposiiie 
( the utniORphdc ra|) dl} Ixioim blue and qk reeonvirted into mdigo blue 
Indigo white IS iiiRolubli in water but Rhghtly s luble in alcohol ItisRjluble m 
e iiiRtic nlkaliiB liiiu and bni} 1 1 water i he Boliitions otuxposure to oxygen become 
coveied aith a pilluh of regenerated indigo bine >^ith an excess ot lime it gives 
an iimoluble compound Its coiiipounds with alumina ind nutallic oxides which ai 
insoluble in witir rna> b( obtained by double decomposition Silts of oxide of 
ei ppei when added to its s dutioiib in ilkali, convert it immediately into indigo 1 hit, 
till oxide of copper bung rediieed to suboxide Indigo blue is also converted into 
indigo white when it is exposed to the etiou of fermenting (rputief}iug substan es 
111 the ptesenci of watei lUii the decomposing organic inattei is the leducing 
agent nid imnionia wliieli isusuill) firnitd dining the process of putref iction, is 
the solvent ol the mdigo wbiU If u puce ot eott n wool ui silk be dipped into an 
alkaline solution of indigo white iiid then exirsid to the itmosphere itacqmies i 
him colour, wbieh niu> be mad deeper ly iipeated dippings and bubse<|iient 
e\| osuie It H on this proper (v of indig) white that the dyeing with indigo dc] ends 
rii tine cheniicil formula ot indigo blue, which was first diseove red b> Mr C rum 
IS t "IPNO^, and IdO paits contain therefore b} caleiildtion 73 28 cnbon 3 81 
liylro^eii, 10 68 nitrogeig and 12^3 oxv^en Ihe formula of indigo white is 
( '**11 NO^ and it difleis then I ire tiom ind ge blue by cont lining 1 atom nior of 
hvdtogon which is taken ii]: during the S) called reduction of the latter, and lost 
Ilgam by < xidation dining its reconversion int > iiidit^o blue 

Since the yaluc of indig) depends tiitnel> on the ejuantity of indigo blue which it 
contims, It 18 of great iinportmee to asceit nn the exact amount of the latter in any 
given sample of the article lletore commencing the determination of the indigo- 
Hue a weighed portion of the indig > ought to he heated loi some hours at 212° t , 
rind tin n we iglied again 1 he loss in weight which takes j lae e repi esents the amount 
of watei contained in the aainpk A weighed quantity of the dried tudigo is then 
to b heated over tin flume ot a lamp until all the oi game matter has been burnt 
11 w IV lly wtighiug the residue which is left the amount of ash oi inoigan c matter 
IS useeitainid In older, in the mxt plite to deteimine the amount of indigo blue, 
se\ id methods have been devised h\ yaiious ehemistb, none of which however 
VI Id verv uecuratf results <3f these methods the following are the pimcipd ones 

I A weighed piiutitv of fiuel} pounded indigo is lubhedwiih watei 1 1 a poieel nn 
nioilar An equal weight ot pure lime is then silked with watei and the liydi vte is 
wi II mixed w ith (he indigo Phe m xture is then poured into a stoppci ed bottle ot known 
ca{ aeity, and the inort ir is well imsed with w iter, which is added to the rest I he 
b ittle IS now he it d in a water bath for sever il houis ind i eiuai tity of fiuel> pounded 
sulfliate of iron is added, the bottle is then filled up with watei the stopper is in- 
serted and after the contents have been well sh iken the whole is allowed to reposedur 
smie hours, until the indigo has become leduced and (lie se dime lit has sunk to the 
bitiom A portion of the clear liquor is then drawn ufl with a siphon and the 
qinititv of liquid limag been accurately measured, it is mixed with an excess of 
iiniriatic acid and the pieupitate, after having been oxidised, is collected on a weighed 
filter and well washed with water Lastly, the filter with the mdigo-blue is diied 
It h and weighed, and the weight of the filter having been subti acted fioni 
tint ot the whole the weight of the indigo blue is ascertained bupposing now that 
the wh le quinUgeot liquid hal lieen 200 measures that 50 measuies had hem 
drawn off yicldi^l^O giams of mdigo blue then the sample contained on the whole 
40 giains of the latter For 60 giams of uidigo it is ueeessaiy to take from lib 
to Mbs of water 

According to Mr John Dale of Manebesttr, who has had great experience lu the 
valuition of mdigo for practical purposes, this method though rather long and tedious, 
still gives more accurate results than any other IhequanUtyof mdigo blue in- 
dir ited bv it is generally below the actual quantity contained in the sample Aqcord* 
mg to Rerselius this loss arises from the lime forming an insoluble compound with a 
p irtum of the reduced mdigo blue Mr Dale, however, is of opinion, that even vrbea 
cvtrv precaution has been tsken, a certain loss, proce^ing ftom some hitherto ub- 
asceit lined cause, cannot be avoided When for instance pure mdigo blue is treated 
With lime and copperas in the manner just described, the quantity which is ogam 
ohtiin d by precipitation from any portion of the liquid is always Jess tbanwhat 
It sho lid be by calculation, even when no excess of lime has been employed 

9 Ihe second method of determining the mdigo blue is performed as follows 
About 1 or 20 grams of pure mdigo blue, obtamed by precipitation from an mdigo 
vat, and the same quantit) of the mdigo to be tested, which mast be previously grounn 
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to a fine powdtr, are weighed off and each of them la tuated with about IS timea its 
weight of conocntrikd sulphuric acid in a dusk or })oruUiii basin After being 
heated at a temperature ed 120° to 140 h for about 24 hours, and oecationally well 
agitated the two liquids ait mixed with water, so that the voluim of the two sliall 
be oxuctlv equal lwo<e|UHl imasuiciof a weak eel t ion of hypochlorite of lime 
are then taken, nd to the first is added a quantit) ef the solution of oure indig> 
ihe ehlonm lilierutid bv the excess el sulphuiic aeiliii the solution nestrovs the 
Hue coloui of the iiiduio sulphuric deal More of the Mlution must be aelded until 
the liqu d h gins to a |uiu a greenish tiuge and the number of measures lucessar} 
fill tile p irposc IS uoteel ilu s me \|iiini(nt is tie made with the solutiOli of 
eriide indigo 1 lie ejuiiititv (f ludtgo blue in the Uttei is i c< Uise iii \t eerse ratio 
te the imiiibci of ine'aaurtS wl leh axt rceiuiiote In orekt t j tiki up the whole of the 
elloi e which is I b latcd If foii^im^l tli s ime quaiitity cu hvpochle rite ot 
liini decolorises H n asntesef tb soiutie i ef pin indi^ blue and 204 nieasur s 
of the dilution of <i ale ineligo then thei|uauLity ed iiidigo \ iut contain 1 in lUO pails 

efth IT I is 1 1 the fi 11 )wmg t lup ill D 204 1C7 100 n 618 

\ ji Ur >1 ample s el iidigo rai} le tisttel iii this manner dt the sanii unie 
( II must be taken to prepai* *1 fresh sdution of indige blui foi t\er> senes oi trials, 
» c tins solution undergoes a change on stinding whuli rendeis itquiti innpplicabk 
us t htindaid ef coinpari^un It is lueessai} nlso to pay great ittcntioii at the 

11 me lit when thi giecuish colour iiidudiiiig an excess of the sulphate of mdigo 

h g 118 to appear foi it will often be fi uiirl tint this cedour disappears after standing a 
f w iriiiiuteh md a fiesh e|uaiit of the blue solution must then be added cat tio isly, 
until the gKiiiih luge I e iiicR pcmianeut, e\cn after standing for some tune 
Modifie itions of this f i lu hs h ive been introduced by vinous chemists by the use* of 
permanganate of polish eh lor ite ot potash, or bichromate of potash, in the pi ice ot 
h} pochloi ite of liiiii hut as the principle on which the process depends is in each 
e isi identical iiidtlie in >1 us o)Kr*iudi is almost the same it will be unneecssaty to entei 
int( any minute descnpli m ot these modifie ntions Jhe whole method is, howe\ii 
leii to serious ohjectious and the ie<mlt8 which it affords cannot at all be di pended 
on In thi firstihee it is difheult to institute a strict companson be twe in the dif- 
ftieiit shides of cdoui le suiting from the decomposition of the sulphate of iiidigo m 
dilhiint cases since the pure guen tinge observed when an excess of the pure 
siilfhite has been adde I to the decomposing agent, gives place to a dirty olive oi 
bi< wni-h grctii when a solution of etude indigo is employed, in consequence of the 
nil] unties coiit lined in the lattei bceondlv, it is almost impossible to a\oid the 
f > Illation of a certain quantity of sulphurous acid during the action of coiiccntiated 
sulphuiic acid on elude indigo This sulphurous acid during the follow iiig operation 
becomes oxidised bcfoie the blue sulphate is destroyed, anti hence the percentage of 
indigo blue is apparently raised In employing this method, it is common to find 
moitf than 80 per cent of iridigo>blue magoeid sample of indigo, whtieas the best 
qualities seldom contiiu above GO per cent, and average quahties between 40 and ftO 
per cent Fins method may sho * i percentage of 70 mcligo blue, when the method 
first desciibtd indicates between Oo and GO 
8 J he third method of estimating the indigo-bluc is performed in the following 
ni inner Lqual weights of the samples to be tested are treated with equal quantities 
of concLotr ited sulpliune *icid in the mauncr above described, and tbe solutions art 
then diluted with water and introduced into ^aduated glass cylinders, waUr being 
added to each until they all exhibit exactly the same shade of cclour The richer 
the sample is m indigo blue, the greater wdi be the quantity of water necessary for 
this purpose, the number of me tsures oi water reqnir^ in each case mdicating the 
nlativ amount The great objection to this method consists in the circumstance, 
that tlie diflercDt kinds of ludigo do not gi%e tbe same shade of blue when their solu- 
tums in sulphuric acid are diluted with water, some exhibiting a pure blue colour, 
others a blue with a greenish, or purplish tinge It therefore ^comes difliciilt to in* 
stitute an exact comparison between them 
Kmpk^ment of mityo tm ifpetng — As mdi^blue is insoluble in water, and as it can 
penetrate the fibres ot wool, cotton, silk, and flax only when in a state of solntion, the 
dyer must study to bring it into this conditioo in the m st complete and economical 
manner This is effect^ either by exposing it to tlie concurrent action of alkalies 
and of bodies which have an affinity for oxygen superior to its own, such is oertain 
metals and metallic oxides, or by mixing it with fennentmg matters, or fiaally, by 
dissok mg It in a strong acid, such u the solphuric. The first method is that whica 
is employed in tbe 

Copperat or eommm blue vat — Before being used the indigo most be broken into 
small pieces, the size of nets, moistened with hot water, and then Mt for aday \ alllM 
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wliicb It 18 1 educed to a soft paste in a null The mdigo mill is icprescnttd in /?</? 
090 and 991 

a IS a four sided iron cisteriif 2 fett 11 inches long, 19 inches broad and 18 inches 
d (p cylindrical or roundid iii the bottom, and n sting upon gudgeons in a iioodcn 

I line It has an iron lid consisting of two leaves, between which the rod c moves 

I I and fro ncciving n vibratory motion from the trank I By this constriution n 
fiuuie e, whieh is iim Ic fust in the cistern by two i oints if s', is caused to vibrate, and 
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t I impart its swing i ovcmciit to six non lolhi / /,y toiii imlics in di imetti, three 
bung on each side (f the fVanic which trituiati the indigo inixid with witer into a 
hue paste 1 his iiiilL is oipahle of giindiiig 1 cwt of indigo at a time Whenever 
the paste is uniformly ground it is diawn oil by the stopeork g, which had hecn 
j leiiously filled up by a screwtd plug in order to prevent any of the indigo fioiii 
lodging in the orifice of the cock, and thereby esc ipmg the acti< n of the rollcrR 
Mills of other foims are also used occasionally One of these consists of a he mi 
8ph rieal iron vessel open at tht t p in which a stone (f coi responding shape is fixed 
s IS to le ivc a sin dl space b tween it and the sidis and bottom ot the vessel, m which 
the in ligu uiidtrgocB the iiccissaiy trituration with w iter, the motion being produced 
1 } niiaus of a virticil shall fixed to the centre of the stone 

I he ( thet in, redientti nceessuiy for setting the vat nit coppei is or pi otosulphate 
oi 11 in ni> Iv blikid quid Iniu and water Various proioitions of thesi ingredients 
lit iinpl >>ed Qb foi inst nice, 1 part by weight ot indigo (diy) 3 parts of copperas 
ind 4 of lime or I (f indigo, 2^ of copperas and J of lime or 6 of indigo, 14 ef 
eoppcias and 20 ol lime , or 1 of indigo ^ of coppmis ind I of lime 1 he sulphate 
of 11 on should Ik is fi < < as possible ftvm the red oxide of iron m w 1 11 ns fi( m sulphate 
ot eo| per which would re oxidise the reduced indigo hint Ihe vnt having been 
fillid with water to near the top, the materials an introduced and the whole after 
being well btirred several times u left to stand for uhoiit twelie hours Ihe chemical 
action w Inch takes place is very simple 1 he protoxide of non which is set at liberty 
hy the lime i educes the indigo-blae, and the indigo white » then dissolved by the 
excibs of lime forming a solution, which on being examined in a glass, appears per- 
fectly transparent and of n pure yellow colour, and h comes covered wherever it 
comes into contact With the air, with n copper coloured pellicle of regenerated indigo- 
hlue J he sediment at tlie bottom of the vat consists of sulphntc of lime, peroxide of 
iron, and the in^kblc iiiipiirities of the iiidtgo, such as mdigo*browu in combination 
with lime, as welTas sind clay, &e If an excess < I lime is present, a little reduced 
indigo blue will also Ic found in the sediment in combination with lime 

1 he copperas vat is employed in dyeing cotton, linen, and silk For cotton goods 
no othe r kind of vnt is used at the present day The dy eing process itself is very 
simple The vat having bcui allowed to settle, the goods aie plunged into the clear 
liquor, and after being gently moved about in it for some time are taken out, allowed 
to drain, an^ exposed to the action of the atmosphere Whilst m the liquid the fabric 
attraits a portion of the reduced indigo-blue On now rcmovmg it ftom the liquid it 
appfiiis green, but soon becomes blue on exposure to the air m consequence of the 
oxiduion of the reduced ludigo-bluc On again plunging it into the vat, ihe de- 
oxidising action of the litter does not again remove the indigo-blue which has been 
deposited within and around the vegetable or animal fibre, but oq the contrary* a 
frtsli portion of reduced indigo blue is attracted, which on removal from the liquid is 
again oxidised like the first, and the colour thus becomes a shade darker Bv repent- 
ing this process several times, the requisite depth of colour is attained. Inis effect 
cinnot m any case be prodiicid by one immersion m (he vat however strong it nisv 
1( lie liauty of the coloui is mcicased by finally passing the goods thioUeh 
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dilated fulpharic or luuriatie acid, wliiih rtmoTct the adhering lime aad oxide of 
iron After being used for some time the vat shoald be riAreihed or fed with oopperas 
and lime, upon which occasion the acdimt nt must fint be stirred np, and then allowed 
to settle again, so as to leave the honor clear 1 he indtgo-bloe, however, b m ooorso 
of time gr^ually removed, and by degrees the vat becomes capable of dyeing only pale 
shades of blue When the colour produc i d by it is only verv faint, it la no longer worth 
while using it, and thi contents are then thrown away In dyeing cotton with indigo, 

It seems to be esseutml that the rednerd mdigo-bliie abould be lu combination with 
lime 11 potash or soda be used in its sti ad it b impossilde to obtain dark shades 
of hlu 

W hen cotton pu ci goods are t( he <l\cd of a uniform blu< tV y are not submitted 
to aiiv puparatory piocesa of bbacbing or washing Indeed the use contained in 
uubh ached goods SCI ms rathor to facilitate than to impede the dyeing proeesi. In 
dye mg these goods a peculiar roller apparatus is employed When idtaiii portions 
of th( fihiic are to retain their white colour a different plan is adopud The pieces 
bax ri^ liecQ blea 1 cd those portions which arc to remain white are pi intcd with so- 
i ill fl rtMsti 1 hese resists consist essentially of some salt >f copper, unxid with an 
tifpi piiate thickening material The eopper salt acts b> oxidising the reduced 
111 li^ro blue at the surfisce, and thus rendering it insoluble before it c in enter the in- 
t 1101 of the vegetable fibre since it is only when deposited within the fibre itself 
tint the colouring matter becomes durably fixed Ihe pilots are now sin tc hid 
upon square dipping frames made of wood or of iron, furnished with sharp hooks 
or points of attachnunt Ihcse frames are suspended by cords over a puihy and 
thus immersed and lilted i it alternately at proper intervals In dyeing, a set of 
10 vats IS usid, the fust vat containing 5 or b lbs of indigo, and the quantity in 
rtasing gradually up to 80 lbs in the bst vat The pieces are dipped for 7^ 
mmutes m the first vat, then taken out and exposed to the air for the same length of 
time, then dipped in the second vat, and so on to the last After passing through the 
last vat a small bit of the calico is dried in order to see whether the colour is suffi- 
c^rntly dark If it is not, the whole senes must be dipped once more in the same 
vat in which the last dipping was performed When the bottom of tbc vat is laked 
up 60 as to have more lime in suspension, the vat becomes what the dyer calls /lurd, 
that 18 to say the oxide of copper of the resist is precipitated in a compact state and 
4 onsiquently acts with more efficiency But when the vat has been at rest for Home 
t me and there is little lime in suspension, then it is called ao/lt Wlien it is in this 
state the oxide of copper is thrown down in a bulky form, and when the pieces are 
ilterwards agitated m the liquor, lu order to detach the oxide of iron, which always 
llo’its about in the vat and attaches itself to the fabric, and which if left adhmng 
would cause light stains, technically called grounding , then the oxide of copper is 
also detached, and the indigo penetrates to those parts which are to remain white 
hen cotton yam is dyed lu the copperas vat, the latter is generally heated bv mians 
of steam pipes passing through the liquor the object being to give to the colour the 
pet uliar gloss or lustre, which is Kquiied in this class of gocids Mo pnparitory 
process is required, except siuiply st < ping in hot water In dyeing wooden pins are 
put through the faauks, their ends resting on supports passing over the top of the vat, 
and the yam la then alowly turned over, one halt being in the liquor, the other half 
over the pins It is then taken out wrung exposed to the air, and again dipped, this 
epeiation being repeated until the requisite shade is obtained 

The methods employed for producing the colours called Cfuna blue and pencil blue 
on calico have been described under Calico Printing 
The vrine vat » prepared by digestion of the ground indigo in wanned stale urine, 
which first deoxidises the mdigo-blue, and then dissolves it by means of its ammonia. 
Madder and alum are hkewise added, the latter being of use to moderate the fermen- 
tation This vat was employed more commonly formerly than at preaent, for the 
purpose of dyeing woollen and linen goods 

Irocuf vai —In former times, wood was the only material known to the dyera of 
Europe for producing the blue colour of indigo For this purpose it was previously 
submitted to a peculiar process of fermentation, and the pioduct was named pusttl in 
France For most purposes indigo has taken the place of wood in the dye-house, 
and fbr cotton goods it is now used alone. In the dyeing of woollen goods, however, 
the use of wosd has been retained to the present ^y, for the purpose rather of ex* 
citing fermentation and thus reducing the indigo which is employed at the same 
time, than of imparting any colour to the matenal to be dyed Indsed, the wosd 
used by woollen dyers in this country contains no trace of colouruig matter. Yanoos 
substitutes, such as rhubarb leaves, turnip tops, weld, and other vegetable matten^ 
have aoeordingly been tned, but without succesa, stneo the lennentatkm is more 
steadily maintained by means of wosd than by any other matsriaL Pastel, whi^ 
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doei oonudii a little blao colouring matter, if preferred to woad by many of tbe 
French dyen* Tba materiak employed in the ordinary woad or pastel vat, in ad- 
dition to woadMnd^ indigo, are madder, bran, and lime. In the so-called Indian or pot- 
atih va/, madder, bran, and carbonate of potash are used ; in the German vat, bran, 
carbonate of soda, and quicklime, without woad. The chemical action which takes 
place in the woad vat is not difficult to understand. The nitrogenous matters of the 
woad begin, when the temperature is raised, to enter into a state of fermentation, 
which is kept up by means of the sugar, starch, extraetiTC matter, &c., of the mad- 
der and bran. In consequence of the fermentation, the indigo-blue becomes reduced, 
and is then dissolved by the lime, thus rendering the liquid fit for dyeing. Great 
care is necessary in order to prevent the process of fermentation from passing into 
one of putrefaction, which if allowed to proceed would lead to the entire destruction 
of the indigo-blne in the liquor. If any tendency to do so is observed, it is arrested 
by the addition of lime, which combines with the acetic, lactic, and other organic 
acids that commence to form when putrefaction sets in. On the other hand, an 
excess of lime must also be avoided, since the reduced indigo-blue is thereby ren- 
dered insoluble, and unfit to combine with the material. 

The following account of the method of dyeing woollen goods with indigo, as carried 
on at present in Yorkshire, may snffiee to give a general idea of the process 

The dye-vats employed are circular, ha^ng a diameter of 6 feet 6 inches, and a 
depth of 7 feet, and are made of cast iron | an inch in thickness. They arc sur- 
rounded by biickwork, a space of 3 inches in width being left between the brickwork 
and the iron, for the purpose of admitting steam, by means of which the vats are 
heated. The interior surfkce of the brickwork is well cemented. In setting a vat 
tbe following materials are used : — 5 cwt of woad, SO lbs. of indigo, 66 lbs. of bran, 
7 lbs. of madder, and 10 o^uarts of lime. The woad supplied to the Yorkshire dyers 
is grown and prepared in Lincolnshire. It is in the form of a thick brownish-yellow 
paste, having a strong ammoniacal smell. The indigo is ground with water in the 
usual manner. The madder acts in promoting fermentation, but it also serves to give 
a reddish tinge to the colour* The lime is prepared by putting quicklime into a 
basket, then dipping it in water for an instant, lifting it out again, and then passing it 
through a sieve, by which means it is reduced to a fine powder, called by the dyers 
learr. The vat is first filled with water, which is heated to 140° Fahr., after wLch 
the materials are put in, and the whole is well stirred until the woad is dissolved or 
diffused, and it is then left to stand undisturbed over night At 6 o’clock the next 
morning the liquor is again stirred up, and 5 quarts more lime are added. At 10 
o'clock, 5 pints of lime are again thrown in, and at 12 o’clock tbe heat is raised to 120° 
Fahr., which temperature must be kept up until 3 o’clock, when another quart of lime 
is introduced. The vat is now ready for dyeing. When the process of fermentation 
is proceeding in a regular manner, the liqui^ thooffh muddy from insoluble vegetable 
matter in suspension, is of a yellow or olive-yellow colour ; its surface is covered 
with a blue froth or a copper-coloured p^iele, and it exhales a peculiar ammoniacal 
odour ; at the bottom of the vat there is a mass of undissolved matter, of a dirty 
yellow colour. If there is an excess of lime present, the liquor has a dark green 
colour, and is covered with a greyish film, and when agitated, the bubbles which arc 
formed agglomerate on the surface, and are not easily broken. Cloth dyed in a 
liquor of this kind loses its colour on being washed. Thk state of the vat is remedied 
by the addition of bran, and is of no serious conseqnenoe. When, on the other himd, 
there is a deficum|y of lime, or ifi other words, when the fermentation is too active, 
the liquor acImRs first a drab, then a olay-like colour ; when agitated, the bubbles 
which form on its surface burst easily, and when stirred up from the bottom with a 
rake it effervesces slightly, or Jrttv as tbe dyers say. If the fermentation be not 
checked at this stage, putrefkction soon sets in, the liqmdbegms to exhale a fetid odour, 
and when stirred evolves large quantities of gim, which burn with a blue flame on the 
application of a light The indigo is now totally destroyed, and the contents of tbs 
vat may be thrown away. No fiirther addition of woad is required after the intro- 
duction of the quantity taken in flrit setting the vat, the fermentation being kept up 
by adding daily abouM lbs. of bran, together with 1 quart or 3 piuts of fime. lu* 
digo is aSo added daily for about three or four months. The vat is then used far the 
purpose of dyeinff light shades, until the indigo contained in it is quite exhaneted, anu 
Its contents are Chen thrown away. 

Wodlen doth before beiim dyed if boiled in water fbr one honr, then passed 
mediately into odd water, it be suflbred to lie in heaps immediately 
boiled, it undergoes some change, which renders !t afterwards inemble of takjng y 
rolour in the vat. When a pUme bloom is required qn the doth, ff Is dyed fdlh o®*' 
bear to a light purple shade bedm bdng dipped. In dyeinm the doth Is ptedfdd® ■ 
network of rope attached to an iron ring, which is snspenfid Iqr dsnr mi ^Mn* " 
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a depth of about 8 feet beneath the eurfiMe af the liquor. The eloth k etirred about 
in the Uqnor by means of hooks for about 90 or 80 mioates. It it IMU taken out 
and well wrung. It now appears green, but on being unfoUM and etaosed to (he air 
rapidly becomes blue. When the Yat contains an oxoese of hme Iho doth has a 
dark green colour when taken out It ie then pB«wed throg]^ hot water and dipped 
again, if a darker shade is required. When woollen Aoe|» are to be dyedi they are 
placed in a net made of oord» which is saspanded by hodia at the side of the tat 
Tiler are (hen trsnsforred to a Stronger net and wrung out bv sereral men. In dye- 
ing flocks a more aciWo fermentatioo of the eat it reituired than with cloth. 

The process of dyeing by means of sulphate of indigo is quHS diflbreut ftwm indigo 
dyeing in the vat. This pToeess was discorered by Barlh, at Orostenhayn iu Saxony, 
aiKiut the year 1740, and the colour produced by it is hcaee oalted Sam Mu§. The 
method of purifying sulphate of indigo, by immersing wool in the solution of crude 
ladigo in ml of vitriol, previously diluted with wster, has been deserilicd above. The 
proccs*^ of making sulphate of indigo or extract ^ tWryo, tUi it is called, as now prac- 
houi on the Ijiigi scale, is as follows : — 1 lb of indigo is mixed with from 8 to 9 lbs. 
<>( oil of vititoC and the mixture is left to stand for iKimc hours in a room, the tern* 
1 erature of which is 90® b'ahr. It is then dilutetl with water, and filtered through 
fiaper There is left on the filter a dirty olive-coloured residue, wbicli is used for 
<;ouic purposes by woollen dyers. By now adding common salt to tlie liquid, a blun 
piedpitate of sulphate of indigo is produced, which is collected on a filter, and 
washed with a solution of salt in order to remove the excess of acid. Mo neutra- 
lisation with alkali h required when this plan is pursued. The blue produced on 
wool and silk b> means of sulphate of mdigo is very fiigitive, and is now seldom 
required, its place having been m a great measure taken by the blue from prussiate of 
potash. The chief use of sulphate d indigo is for dyeing compound colours, such ns 
green, olive, grey, &c. £. S. 

Our tiqporif ot indigo m 1863 and 1864 were as follows : — 


Indigo imported in 1863. 


Holland . - - - - - 

France 

EglPf 

French Possessions in India - <• • • 

Philippine Islands 

St. Thomas ...... 

United States : North Atlantic Ports - 
Central America 

New Granada ...... 

India, Singapore, and t.eylon ... 

Other parts - - 

Total 

CwU. 

Computed real 
value. 

804 

375 

651 

2,919 

568 

1,797 

854 

4,281 

1,368 

70,91b 

f6S 

£22,563 

11,819 

13,280 

64,977 

11,638 

57,770 

17,465 

131,968 

41,680 

2.001,777 

24,032 

85,395 

2,398,964 

Indigo imparted m 1864. 

French Poieessions in India • . • 

Philippine Islands . • • • • 

St. Tnoroas - • • • • « 

United States 

North Atlantic Ports • • . • 

Porta on the Pacific .... 

Central America -••••• 
New Granada 

Britidi India 

Bombay and Seinde • . . « 

Madns - • ..... 

Bengal and Pegu - 

Other parti • - •- . . . ' 

CwU. 

ConpiUcd real 
value. 

3,098 

695 

454 

1,091 

4 

3,731 

3,743 

19 

14,450 

47,582 

1A96 

HiJHt 

U4M 

1S,6IT 

StaiB 

89 

106.060 

•Mivo 

i»a 

aooo*} 

l,W5.a*7 

65,m 

Total- 


*.848,Ut 


xiT 
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INDKiO BROWN A brown subhtancc of uncertain composition obtained from 
< oinnit rcittl indigo * 

INUKiO Cl HERN. A green substance obtained from indigo hy adding potash to 
an alcoholic stdtition of an alkaline hyposulph-indigotate. 

INDIGO PURPLE Finely powdired indigo is added to twenty times its weight 
of acid sulphate of sodium in a state of fusion, and the mixture is heated and stirred 
till a sample colours m ah r violet The paste thus produced is then intimately mixed 
with 70 or 80 times its weight of water, and the colouring matter is precipitated hy 
common salt and washed with saline water After drying it forms a mass of inter- 
Inced Milk} cnstals having a coppery lustre 

INDKiO RED A red subatance found in commercial indigo For particulars 
rilative to this and other inligo coloun, consult Watts' “Dictionary of Chemistry/' 
and tliL authorities there quoted 

INDISINE See Amuni!. VioiiT 

TNGR \IN Wools, Ac , are said to be d}ed ingratn when they arc subjected to 
that process before uiannfucluie 

JNDIUM. A new metal found in two Freiberg ores of zinc, by F Reich and 
T Richter, by spectiiim anal} sis Ihe bright blue line given in the spectroscope 
which led to its discovery dcteimined the taame of this metal It is not yet sulh- 
( u ntly examined to claim any lengthened notice in this place. 

INK (£fitrr, Fr, Ttnte, Germ ) 

Writing Ink niny be and is pieparcd in many different ways, but it is essentiall} a 
tanno gallate of iron 

Nutgalls, sulphate of iron, and gum are the only substances truly useful in tlie 
prejiaration of ordinal v ink , the other things often added, merely modify the shade 
an i considerably diminish the cost to the manufacturer upon the great scale Many 
of these luks contiin little gallic acid oi tannin, aud are ^erefore of inferior quality 
*lo make 12 gallons of ink, we may take 12 pounds of nutgalls, 5 pounds of green 
sulphate of iron, 5 pounds of gum Senegal, 12 gallons of water The bruised 
nutgalls are to he put into a cyliiidncal copper, of a depth equal to its diameter, and 
boiled during three hours, with three-fourths of the above quantity of water, taking 
care to add fresh water to replace what is lost by evaporation. Ihe decoction is to 
he emptied into a tub allowed to settle, and the clear liquid being drawn off the lees 
ni c to he di aiiied 1 he gum is to he dissolved m a Rniall qudntity of hot water, and the 
niiiciingo thus formed being filtered, is added to the cleat decoction Ihe sulphate 
of iron must likewise be separately dissolved, and well mixed with the above The 
colour dai kens by d» grccs, in consequence of the peroxidisement of the iron, on ex- 
]H Slug the ink to the action of the air But ink affords a more durable writing when 
used in the pale state, because its pni tides ate then finer and penetrate the paper more 
intimate ly M lieu ink consists chiefly of tannate or peroxide of iron, however black, 
it IS uiciel} superfit i.il, and is easily ciascd oi effaced 1 herefore, whenever the 
liquid made by the above rccqu; has acquired a moderately deep tint, it should be 
di iwn off clear into bottles and well coiked up Some ink makers allow it to moold 
n litilc in the casks before bottling, and suppose that it will thereby be not so liable to 
beconii mouldy in the botths 

Fiom the comparatively high price of gallnuts, sumach, logwood, and even oak 
bnrk are too ficqucutly substituted, to a cunsidiiable degree, in the manufacture of 
ink, blit always injuriously 

The ink mai^by the recipe gi^en aboie, is mudi more rich and powerful than 
many of the inMBbTnmonly sold 'I'o bring to thi ir standard a halt more water mas 
safely be added, oi even twenty gallons of tolerable ink may be made from that weight 
of materials, as I have ascei tamed 

. Sumach and logwood admit of only about one h ilf of the copperas that galls will 
t^c to bung out the maximum amount of black d^e. 

Lewis, who made exact experiments on inks, assigned the proportion of three pirts 
of gills to one of sulphate of iron, which, with average galls, will answer very well* 
but good galls will admit of more copperas. 

Itefl ink. — This ink may be made by infusing for three or fbur days in wm 
viiiegai, Brazil wood chipped into amall pieces; the infiision may then be boiled 
upon the wood for an hour, stiwed and thickened slightly with gam Arable and 
sugar A little alum improves* the colour. A decoction of eoohineal witha littla 
water of ammonia, forms a more beautiful red ink, but it is fugitive. An extan* 
poraneons red ink of the same kind may be made by dissolving oarmina in 
Mater of ammonia, and adding a little mucilage. _ , 

Blue ink — Mr. Stephens's patent blue ink is made by dissolving INnwiaa Wee ^ 
a solution of oxalic aei^ The blue should be washed fn dilute mnriatie acid* ** 
has given the fbllowing as the best formula for blue ink : ^ 
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4 parts of cyanide of potassium dissolved in n liCdo water : eolleet die precipitate 
formed, wash it with several additions of water, allow it to drain until it weighs about 
200 parte ; add to this one part of oxalic acid, and promote solntinn of the cyanide 
by shaking the bottle oontainiiig the mixture. Tht viditioa of gum nod sow is 
useless, and even appears to exercise a prejudicial efiei't on the beauty of the inlt. It 
may be kept without ‘^iiy addition for a long Ume. 

China or Indtan tnk , — Pronst says, that lamp black purlded by potash lye, when 
tmxiMl with a solution of glne and dried, formed an ink which was prtdbrrod by 
lit lists to that ot China M. Met mice, in bis inU noting treatum entitled />c ui 
Punture a VHutU, 8a>8, that tlm Chinese do not use glue in the fabrn atlon of their 
ink but that they add vegetable jttii*efi, which rendei il more biillinnt and mote 
iiiih lible upon paper. When the best lamp black is levigated with the purest gelatine 
or solution of glue, it forms no doubt an ink of a good coiour, but wants the shiumg 
iractiire, and is not so permanent on paper as good China ink, and it stiffens in cold 
w< uliri into I tn niulous jelly Glue may bcdiprived oi the geiaimming property 
liv III 'ing It tor a long tune, or subjecting it to a high heat in ii Tipin's digester , 
bill 114 ammonia is apt to lie generated in this wai , M Menmee rcconiniends starch 
gum made by sulphuric acid to be nsed in prekrtnee to glue. He gives, however, 
tlu foUouuig directions fur preparing this ink with glue into a solution of glue he 
pours i conccntratiMl solution or gall-nuts, a huh occasions an clastic resinous-looking 
piicipitate He washts this matter with hot water, and dissolves it in a spare solu 
tioii of clarifud glue, lie hlten anew, and concentrates it to the propci degiec tor 
being ineoi»orated with the purified lamp black. The astringent printiple in vege- 
tables does not precipitate gelatine when its acid is saturated, as is done hy boiling the 
nut-galls with iiinewateror magnesia. The first mode of making the ink is to be 
preferred The lamp black is said to be made in China, bv c olleciiug the smoke of 
the oil of sesame A little camphor (about two per cent ) has been detected in the 
ink of China, and is suiiposid to improve it Infusion of galls rendets the ink per- 
manent on paper. 

Indehble laA — A very good ink, capable of resisting chlorine^ oxalie acid, and ab- 
lution with a hair pencil or sponge, may be made by mixing some of the ink made by 
the preceding prescription, with a little genuine China ink It writes well. Many 
other iormule have been given for indelible inks, but they are all inferior in sim- 
plicity and usefulness to the one now prescribed Solution of nitrate of silver 
thickened with gum, and written with upon linen or cotton cloth, previously imbued 
with a solution of soda, and dried, is the ordinary permanent ink of the shops. Before 
the cloths are washed the writing should be exposed to the sunbeam, or to bright day- 
light, which blackens and fixes the oxide of silver. It is easily discharged by chlorine 
and ammonia. 

A good permanent ink may be made by mixing a strong solution of clilorido of 
platinum, with a little potash, sugar, and gum to thicken. The writing made there- 
with should be passed over with u hot smoothing iron to fix it. 

Another indelible mk may be prepared by adding lamp black and indigo to a so- 
lution of the gluten of wheat in acetic acid This ink is of a beautiful black colour, 
at the same time cheap, and cannot be removed by water, chlorine, or dilate acidL 
M. llerberger gives the following directions for its preparation i — Wheat gluten is 
carefully freed ftom the starch, and then dissolved in a little weak aeeUc acid , the 
liquid 18 now mixed with so much ram water that the solution has about the strength 
of wine vinegar, that is, neutralises i^th of its weight of carbonate of soda. 10 grains 
of the best lamp black and 2 grams of indigo, are mixed with 4 ouncia of the solution 
of gluten, and a little oil of cloves added. This ink may be employed for mavkmg 
bnen, as it does not resist mechanical force. 

Indelible ink of Dr. Traill is essentially the same as the above, 

French indeliUe ink is made of Inluaa ink dUFosed through dilute muriatic acid 
for writing with qniUs, and throngh weak potash lye for writing with steel pens. 

Ink, FrmUng — This is eisentUlly a combination of lamp black, —finely divided 
carbon,— with oiL BIr. Underwood, in a communication made hf him to the Society 
of Arts, well defines the necessary qualifications of a good ink. 

let It mnst diitnbnte fteely and eeeily, and work sharp and clean. 

find. It most not have too much tenamty for tiie type, bat have a much greater 
nffimty far the paper, and so come off fted j upon it. 

Srd. It most diy almost immefiiately on the paper, but not dry nt all on the type or 
rblleiB ; this is a great desideratom, eepecitlly for newepapere. 

4tlL It ihoiild M literally proof agunst the effrate of time and chemical leagents, 
and never ehange oolonr. 

Oieat attention mnat be peid to the quality of the linseed oil employed, find arm 
the character of seed from i^ieh the oil Is obtained should not be nsfleeted. 

The linseed oil Is olarifled from the fhtty matters, and the pore ^ is hoSled iHth ' 
gyeat care at a carefully regulated temperature I and during the hoillDt, the best pale 
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ytllow 8uap 18 added to pivo it consistency, and the required dryers are al^o now 
iiiixtd with It. 1 be bent black ib that obtained from the smoke of naphtha, the coni- 
liuHtion being carefully regulated This nlack i8 ground up carefully with the 
dicing oil, which has asMimed the character of a varnish, and the ink is complete 
(ro/d and nlver inks are prepared by grinding u|M>n a porphyry slab, with a mullet , 
gold oi silver leaves, with white honey, until they are^reduced to the finest possible 
state of division The honey is thoroughly washed from the powdered metals, and 
these are mixed up with gum water 
INKING nOLLEK. See Pkinixng 
INSTANTANEOUS MATCHES. See Matches 

INUl.lN A Hubatance similar in ita properties to starch, discovered hy Rotp in 
1804 It has been obtained from elecampane root, potatoe and dahlia tubers, from 
dandelion roots and many other similar plants bc*e Watts* “ Dictionary of Chemistry * 
IODIC MERCURY Cotetmte A native protiodide of mercury, consisting of 
mercury 44 1, iodine OS 9 It is used in calico punting and as a scarlet in painting, 
but It fades when exposed to light 

IODINE (/od, Fr , lad. Genii) is one of the elementary substances, it was 
aocidcntally discovered in 1812 by M Courtois, a manufhcturei of saltpetre at Pans 
He found, that in the manufacture of soda from the ashes of seaweeds, the mctallio 
vcsbels, in which the processes weie conducted, became much corroded, and in 
searching foi the cause of the coriosion, he discovered this now important substance. 
It was first desciibed by (''lement in 1813, but was afterwards mote fully investigated 
by Davy and Gay-1 iissac 

Gay-Lussac and Clement at first kniked upon hydriodic acid as bydrochloiic acid, 
until Sir II. Davy suggested the idea of its btiiig a new and peculiar acid, and iodine 
us a substance analogous in its chemical relations to chlorine. 

It was named iodine from the Greek word violet-coloured, on account of the 
colour of Its vapour 

Iodine exists in many mineral waters m combination with potassium and sodium. 

In the mineial kingdom, iodine has been found in one or two rare ores, as in a 
niiiieral brought fiom Mexico^ in which it existed in combination with silver, and also 
in one from Silesia in combination w itli zinc. 

It exists aho in very small qu intitics in sea water, from which it is extracted by 
many sea weeds, which act tlicrcfore os concentrators of iodine , these sea-weeds when 
dried and ignited yield an ash, technically calltKl kelp, from which all the soda of 
commerce was preMously obtained, hut the chief value of the kelp now is on account 
of the iodine which it yields *1 ho following is the proceaa moat generally adopted for 
the extraction of the iodine fhiiii the sea-w ceils 

The sun-dried sca-wced is incincnitcd in shallow excavations at a low temperature, 
for if the temperature was allowed to use too high a considerable quantity of iodide of 
sodium would be lost by volatilisation The half-fused ash or kelp which remams is 
broken into Augments, and treated with boiling water, which dissolves about one half 
of the ash. 

The liquid thus obtained is evaporated, when on cooling the more crystallisable salts 
separate, vis sulphate and carbouate of soda, with some chloride of potassium. The 
mother liquor still contains the iodide of sodium, sulphide of sodium, sulphide and 
some caibonate ot soda Ibis liquor is then mixed with about one-eighth of its bulk 
of sulphuric acid, and allowed to stand for twenty-four hours , carbonic and sulphurous 
acid, and sul|)ji||E>tted hydrogen gases escape, a fresh quantity of sulphate of soda 
crystallising oiH^ixed with a precipitate of sulphur. 

The supernatant acid Imuor is then transferred to a leaden still, to which is adapted 
a double tubulated leaden head luted on with pipe-clay *, it u then heated to 140^ F-« 
when binoxide of manganese is added. 

The temperature may be gently raised to 212° F., hut not higher, as some eblt^ 
nne would come over, and combme with some of the iodine, forming chloride of 
iodine 

The iodine is oondeused in spherical glass condensers, each having two mraths 
opposite to each other, and inserted the one into the other, the end one being fittvd to 
the neck of the leaden head. 

The iodine is purified by resnblimation. 

The following formula represents the reaction : 

Iodide of Oxide of Salphune Sulphate of Sulphate of Iodine. Ilfstsr. 

Sodium Ifanganeie. Acid Soda lllaasaiieee 

Nal + MnO» -f SHSO* - NaSO* + MnSO* + I 4* »HO 

The British iodine is exdusively mannfaotnred at Glasgow, from the kdp of 
west coast of Ireland, and the western islands of Scotland. . 

Iodine 18 a crystallisable sohd, its primary form being a rhombio octohtdfon* ** " 
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however ueiially met with in micaoeoiu, toft, Mible ecalei, htTing « greyish-black 
eolour, a metallic lustre, and an acrid hot taste. Rven at oi^inary temperatures, and 
more especially when moist, it is sensibly volatile, emitting an odonr like that of 
chlorine, only much weaker. 

At 225^ F. it fuses, and at 347^ P. boils, and is cimverted Into a magniflaent violet 
vapour. It may oeTertheless be distilled, in the presence of steam, at a temperatofo 
of 212^ as is seen in the process of manufketore. 

Iodine, in the solid state, has a specific gravity of i 947, the speetftc gravity of the 
vapour ^‘ing, according to Dumas, 8*716. Iodine t<< only very slightly soluble in 
water, it requiring 7000 parts of water to dissolve ii \ even tbsn it imparts a yellow 
colour to the solution, and is used in that state as a test for staroh, witli which it forms 
a beautiful bloc compound, which is, however, destroyed by heat 

Alcohol and ether dissolve it more readU;^} hat the most powerfol solvents ^ 
iodine are the solutions of the iodides. Iodine stains the skin, and most ornnio 
substances, of a brown colour ; it attacks the metals rapidly } iron or sine being 
readily disao!\>d by it if placed in water with it, an iodide of the metal being 
formed. 

All the compounds of iodine with the metals and with hydrogen are decompose^ 
by chlorine, and even by bromine, iodine being set free. Advantage is taken of this 
fact in detecting the ]>rcs«ncc of iodine. If the iodine exists in combination with a 
metal, or as hydriodic acid, its solution will nut form the characteristic intense blue 
compound with starch, but on the addition of a little chlorine, or solution of bleaching 
powder, the iodine is set free and forms the blue compound with the starch. If how- 
evei the iodine exists as iodic acid, it will not act upon starch until reduced by some 
reducing agent, as sulphurous acid. In using the chlorine care must be taken not to 
use too much, as it would unite with the iodine and prevent it acting on the starch. 

Iodine is used to a considerable extent in medicine ; particnlarly for glandular 
swellings, and goitre. It is also much used in photography. The chemical symbol 
for iodine is 1; its equivalent number 126*88; and the combining volume of its 
vapour 2. — H. K. B. 

lODITE. Iodic sil\er. See Iodtbite. 

lODYRITE. A native iodide of silver, consisting of iodine 63*100, and silver 
46-380. It is found at Q uadalajara in Spain, at Albarradon near Maaapil in Zacatecas, 
and at Delirio mines near Copiapo in CmilL 

IRIDIUM. A rare white metal, found in connection with platinvm and osmium. 
Smithson Tennant in 1804 discovered that certain black scales which remained after 
native platinum was dissolved in nitro-mnriatic acid, was an alloy of two metals, 
iridium and osmium. For a foil account of the methods of separating this native 
alloy from platinum, and of sepatating iridinm and osmium from each other, consult 
Watts* ** Dictionary of Chemistry.*’ The native alloy on account of its hai^ess is 
used to point metallic pens. See NATtvn Allot, 

IRIDIUM OXIDE. A substance is so known in the Russian mint It consists, 
according to Deville, of volatile substances (and oxygen), 28*0 ; ioluble salte, 
12-0; platinam, 3*6; rhodium, J-8; palladiom, 0-4 ; copper, 0*6; iron, 0*7; iridium 
and loBi, 62*7 100*0. 

IR I DOSM 1 NE. A native alloy of iridinm and oimium found with native platinum. 

IRISH MOSS. See AjLOiu. 

IRON (Fsr, Fr.; Fisen, Germ.) is a metal of a bluish-grey colour, and a dull fibrous 
fracture, but it is capable of acquiring a brilliant surface by poUehing. Its specific 
gravity is 7*78. It is the most tenacious of metals, and the mildest of all thofee wUch 
are malleable and doctile. It is singularly suieeplible of the magnetie virtue, but in 
its pure state soon loses it When rubbed it has a slight smell, and it imparts to the 
tongue a peculiar astringent taste, called chalybeate. In a moist atmosphere iron 
■pe^ily oxidisea, and beeomee covered with a hcown coating called mat 

Every person knows the manifold uses this truly precioiis metal; it is capable of 
being eaat in moulds of any form ; of being drawn out into wires of any desired strength 
or fineness; of being extended into plates or sheets; of being bent in every direction; 
of being sharpened, hsidened, and soheoed at plessnre. Tnmaocommodbdes Itself to all 
our wants, our dssires, and even our eiprioes; It Is equally servieeahle to the arts, the 
sciences, to agriculture, and war; the same eve fumiehea the ewordt’foe plonghAars^ 
the ecythe, the pmniog hook, the needle, the graver, foe qiring of a watoh or of a 
oariiage, the ehieel, foe chain, foe anchor, foe oompase, the cannon, uid foe bomb. 
It is a medicine of much virtue, and foe only metal friendly to foe honan frame. 
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kindi part, nickelifcrons, and stcelly , 2, anraical iron » 3, yellow sulphurct of iron i 
4, wliiti luiphuret of non , 6, magnetic aulphuiet of iron . 6, black oxide of iron, 
either the loadstone, or susceptible of maguttism, and titsniferous , 7, compact fer 
tt/itfMtet specular iron ore, as of Elba, and scal> fer oltyate, 6, hematite, affording a 
ltd powder, 9, hematite or liydrite of non, affording a yellow powder, of which 
there are several varieties , 10 pitchy iron ore ,11, silieeo calcareous iron, or yenite , 
1i, sparry carbonate of iron, and the compact clay iron stone of the coil formation , 
n, phosphate of iron , U, sulphate of iron, native copperas, 15, ehi ornate oi iron , 
16 , arseuiate of iron , 17, muriate of iron, 18, oxalate of iron , 19 , titanate of iron 

Among all these different species, ten are worked by the miner, either for the sake 
of the iron which they contain , for use in their native state , or for extracting some 
priuiiples fioin them advantageous to the arts and manufactures, such are arsenical 
iron, sulphate of non, sulphuret oi iron, and chromate of iron. 

Katim InoM 

A Telfane iron, nearly pure — This species, which is very rare, occurs in small 
gruns and plates or massive and disseminated It is malleable and ductil , n >ie so 
thin ordinary malleable iron, and ranges in speiific gravity Intwten 7 and 7 8 It 
cont mis cirbon and occasionally some other metal, hut not nickel A sptciiiien from 
(iioss Camsdorf, in Thuringia, analysed by Klaproth, yielded 92 5 iron, G lead, and ' 5 
Loppei Its Htruetiii e was foliated and its textun cr> st^line N itive iron wb<: found by 
be hi i ib( 1 , 111 a VC iii at Oule, near Alli mout in Dauphine A specimen containing 918 
iron and 7 U eat bon ( Shepat /) was observed at ('anaaii in Connecticut, in ii vein two 
inches broad lying in mica elite , another specimen was found in sandstone at Penn 
Yan, in New York John states that it is mixed with the platma grains from South 
America, and moic recently M Molnar has aihimed that he has found native iron in 
the gold sands at Olahpian. It is also stated that native iron, with 6 per cent of silica, 
and a little sulphur, has been found with gale na in the veins at Leadhills, and Mossier 
has found volcanic iron m lava at Gravencire in Auvergne It had a steel grey or 
silver white colour foliated texture, and hackly fracture These instances would 
seem to prove the actual existence of native iron, which was for a long time disputed 
u Native niekeh/etaue or meteoric iron — This species is distinguished from the 
Inst by containing nttkd and sometimes cobalt It is very malleable, often cellular, 
but sometmies compact, and in parallel plates which pass into rhomboids or octahe 
dions When polished and etched with acids, it exhibits linear and angular markings, 
or WulmannatatCe figures, os they have been termed, and from which an impression may 
be printed on paper A very great number of undoubted meteorites have been 
di scribed and anal}6ed The following table from Nicol’s Manual qf Mmeraloyy 
exhibits the composition of some of the most remarkable 



Iron 

Nickel 

Cobalt 

Copper 

Manga- 

nese 

Magne- 

sium 

Sulphur 

Ohio 

rine 

Insol 

Matter 

Total 

1 

93 78 

3 81 

0 21 




. 


2 20 


2 

68 04 

1071 

046 

UiUJ 

0 13 


trace 

. 

■Zkl 

lOO 

■■ 

88 23 

8 52 

0 76 

• 

trace 


trace 

. 

221 


MM 

80 78 

6 80 

0 67 

. 

- 


. 

. 


99 34 


85 61 

UK 

0 80 

• 

. 


- 

. 


98 77 

■9 

90 88 


mEm 


- 


- 

- 


100 

MM 

66 66 

Ji7i 



3 24t 


Mhlm 

148 


99 99 

8 

■‘iiy^ii 

9 76 




m 

- 



9 

63 57 

12 67 

. 

• 

• 

. 

. 

091} 

. 

99 54 

10 

92 58 

6 71 

. 

trace § 

• 

. 

. 

. 

ULl 

09 69 

11 

818 

119 

10 

- 

02 

- 

51 

• 

- 

100 


* With tln<f 0*04 carbon f With chromffnn. t +9*80 sulphuret of Iron. | With arirnic* 


The insoluble matter in tbe above contains in 100 parts—- 


In No 

Iron 

Nickel 

Phosphorus 

SlUra 

CarboD. 

Magatslum 

Total 

1 

m 


1402 

204 

1*42 


68^ 

2 



18 47 


• • 

9*06 

95*13 

3 



14 17 

. 


. to 

100*0 

10 

■ol 


114 

? 100 

- 

IP ■ 

900 
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The ahoTe analyses are of — 1 A mass of lOS lbs we^ht» ivhioh fsUit Bohumilita, 
in Bohemia, in 1829. 9. A mass uveighing 1,800 IbsM fbimd in 1710, near Xns- 
nojarsk, on the Tenisei. 8 The bo-( ailed Verwdoaebte Borggraf,'* finm Elbo^n 
in Bohemia, which weighed ISUbs 4. A nuus of 7 1 Vienna pounds weight* which 
fell at Ifrasohino, mar Agram. m rinatia, on 98th May, 1751 5 A mail in the 

llaorlaem Museum, found m 1793, on thi plain between the Greas Fisli liiveraWd Graf 
Ke}net, m the C'apo Colony, origioall> wolfing 300 llw 8. Found at Mnarto, m 
H uiigar>, original wiight 194 lbs. 7 From Ulairborue in dlabaau. 6 FromFutosi. 

0 Is a more rt*< out analysis of the lutme 10. Frou Lock port in North America. 
11 From Bitburg, near TrcTeSt which weighed aboro 3,3fH) lbs 

According to Shepard (Siliimauk American Joumiil), the fall of meteoric 
stonis is confined principally to two soues The out belonging to America lies 
lietwcen 33° and 44^ N iat, and is about 95° m length Its dirrction la more or 
Kss fiom N. R to S W , following the general line of th Atlantic coast Of all the 
iK urnn<es of thm phcnonuiion during the last 50 yiura, 02 8 pel cent hawe taken 
} ' K within thti»( limits, and mostly in the neighbouiboo I nt the sea The xone of 
tiu 4 astern continent, with the exception that itexUnd<i lo-' further to the north, is 
honiidid hy the same degrees of latitude, and follows a siiiular north-esst direction ; 
b It it has more than twice the length of the American zone. Of the obsei ved fulls of 
a loiitis 909 per cent oeturred withm this area, and wiic also LoncentraUd in that 
h lit ot the zone whuh iztt nds along the U1 mtic 

The most lunarkable niassis of mete one iron are, that found b} Don Rubin dc 
Cells, in Tucuman in South Amiricam 1780, weighing 800 cwts , that discoicnd 
in 1784 on the Kiacho dc Ihndigo m Brazil, estimated to measure 32 cubic toot, and 
to wi igh 17, too lbs , aud that on the Redliner in Louisiana, weighing above 3000 lbs., 
and presenting distinct octahedial ciyttals. 

r 1 Natne SluUIron — This substance has all the characters of cast steel, it 
occurs in a kind ot small button ingot, with ainicly striated surface and a fracture ex- 
ceedingly fine grained It is 1 ardly to he touchid by thi hlc, aud will siarccly fiatteii 
under the hinimer M Mossier found this natiie steel at the village* of Bouiche, 
near Nery, department of thi Allier, in a spot where there had existed a scam of 
burning coal A moss of IG lbs 6 oz. of native steel was discovered in that place, 
besides a great many small globules. 

2 Mtgpitkelf Diprumatic Areeaical iivii ; Araenikkm. This mineral is found 
mussiie, granular, or columnar, and disseminated It is brittle, with an uneven 
fracture , colour, silver white, or almost steel grey, with a greyish or yellowish tarnish ; 
specific gravity 6-6 2 When heated in a closed tube it yields first a red, then 
a brown aubliniate of sulphuret of arsenic, and then metallic arsenic. Some varieties 
contain silver or gold, m others part of the iron is replaced by cobalt Viewing it as 
a double sulphide and arsenide of iron, its formula would be FeS* + FeAs, which 
requires iron, S3 5 ; sulphur, 19 9; arsenic, 46 6. A specimen analysed by Plattner 
gave, iron, 34 46 , sulphur, 20 o7 , arsenic, 45*46 Mispickel » common m the mines 
of Freiberg in Saxony, and in the tin mines of Bohemia, Silesia, and in CornwuIL It 
IS of no use as an ore of iron, hut it u occasionally worked for the silver it contains, 
and as an ore of arsenic. 

3 Yellow Mulphuret of iron; J^wmaitc tnm pyrlieeg or Marcaette —The bronze or 
brass yellow colour enables us to recognise this mineraL At the blowpipe it gives 
off its sulphur, and is converted into a globule attractable by the magnet It is brittle, 
with a conehoidal or uneven fracture. Sp. gr 4*9— 6*1. It is soluble in nitric acid 
with deposition of sulphur, but is scarcely affected hy bydrocUonc acid. It ii a 
bisulphide of iron (FeS^* 46 7 iron, 53*3 solphor. Hatchett found 47*8 iron, 62*7 
solphor; and Bersehus, 46*08 iron, and 53*99 snlpbur. It is very liable to deoom- 
pocition, being sometimes oxidised mto culpbate of iron, and sometimes into hydrated 
peroxide, the sulphur becoming altogether eliminated. It is one of the most common 
minerals in rocks of ill ages and cIbm ; it oocasionally contains both gold and silver. 
It is used for the manufacture of sulphur, sulphuric acid, and alum, but aa an ofs of 
iron it has no commercial valae. 

4 JBtxakedral won pyrifet or pprsae.— This mineral if dutingnishable from the 
former onipr by its colour and fonn of crystalUsation, and wae hence till lately oiui* 
founded with it by mineralogista. Its eankoe is often radiated. 

6 MagneiwwonpyrtUo,pj/rrkolmo,tkemagnetlUeiofthOormano,^Tbiim\Mnl 
seenrs chiefiy in the igneous and cryitalhne, or older stratified rocks, in teini with 
varioiii ores. Ite eoloiir is between bronze yellow and copper red, with a i^hbeek- 
brown tarnish, streak greyiah*bhusk, aii4 more or less magnetised. When heated in 
on open tube it yields sulphorons fomet, but no sublimation | b^re the hlowApe on 
charooal in the reducing flame it fozei tea black ittoiigly BUipietio it ii 
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soluble. ID hydrochloric acid, evolving sulphuretted hydrogen and depositing sulphur 
According to G Host, this mineral always contains a larger quantity erf sulphur 
tliuD corrtspoiids with the simple sulphide FtS , and he adopts for it the formula 
6liS -¥ corresponding with 60 44 iron, and 39 56 sulphur, which agrees very 

closely with the analyses that have been made by Stromeyer, H Rose, and others 

0 Black oxiite of iron , MagnetiUt or native /oar/sfoiie, or octahedral iron ore — X his 
very rich and valuable ore occurs especially in igneous or mctamorphic rocks, either 
in distinct crystals, or, as in many basalts disseminated through the mass, when it 
fh.quontly imparts magnetic propi riles to the rocks, especially to greenstone, serpentine 
or basalt It also forms beds in gneiss, m chlonte, mica, hornblende, and clay slates, 
in marble, greenstone, and other rocks but seldom appears in veins The largest 
known masses occur in the northern ports of the globe, in Scandinavia, Lapland, 
Siberia, and North America. Less extensive masses occur in the Harz, in Saxony, 
Bohemia, Silesia, and Styria , and in Southern Europe, in Elba and Spam Magnetite is 
the most important ore of iron iiiNorway, Sweden, and Russia The Dannemora mines 
in Sweden, wrought in an open quarry 150 feet broad, and 500 feet deep, furnish the 
fine Oeregrund iron, largely imported into England for the manufacture of steel 
Some highly magnetic vanetiis, especially from Siberia and the Harz, form natural 
magnets, possessing distinct polarity Others become polar only after contact with 
magnets of sufficient power Magnetic iron oie fuses with extreme difficulty it is 
not acted upon by nitric acid, but when powdered is soluble in hydrochloric, its 
S(Kcific giavity vanes from 4 24 to 5 4 The ohemical formula of pure magneute is 
FeO,b<H(>*, coriesponding to 31 03 of protoxide, and 68 77 of peroxide of iron, or 
of 72 40 non, and 27 60 oxygen, which agrees closely with the analyses of Berzelius, 
Kobell, and Karsten 

Two specimens of magnetic iron ore from Cornwall had the following compositions 
(7); Noad) — 


Watei - 

. 

. 2 50 - 

- 3 20 

Protoxide of iron • 


. 20 00 - 

. 13 00 

Peroxide of iron 

. 

. 44 40 . 

- 66 50 

Oxide of manganese 

- 

16 - 

. *56 

Alumina 


5 20 - 

- 3 6U 

Lime ... 

. 

0 60 - 

- 0 56 

Magnesia 


- 1 00 - 

- 1 52 

Sulphuiic acid 


- 0 04 - 

- 0 04 

Phosphoric acid 


. - 0 50 . 

- 0 57 

Insoluble residue 


. 24 20 - 

. 9 40 



99 60 

98 95 


7. IlemaMe , Specular iron, Fer ohgiste, likombohedral iron ore — This ore has a 
metallic lustre , colour, iron black to steel grey, but often tarnished , the light trans 
initted throngh the thin edges of its crystals appears of a beautiful red colour Its 
powder is always of a well marked brown red hoe, passing into cherry red, which 
distinguishes it from the black oxide ore , its ftracture is conchoidnl or uneven , it is 
brittle, and its specific gravity is 5 2 Its chemical composition is Fe*0*, 70 03 iron, 
and 29 97 oxygen, but it sometimes contains oxide of titanium, or titanic acid, chrome, 
or silica , in the reducing flame of the blowpipe, it becomes black and magnetic 

Ilsmaute J^jbe of the most abundant ores of iron. The specular vanety occurs 
chiefly in thMIer crystallme rocks m large beds or vems. The mines of the island 
of Elba celebrated from antiquity, still furnish the flnest crystals, which ocenr m 
druses of the massive vanety along with pyrites and quarlz fine crystals are hke- 
wise produced firom St Gotthard^ rramont, m the Vosges mountams, the 
Altenberg m Sweden, and from Katbennenburg in the Uru Beautifhl sm«»nens of 
the micaceous variety occur at Zorge and other parts of the Hars, at Tincroft in 
Cornwall, Tavistock m Devonshiie, in Wales, Cumberland, and Perthshire. It 
also ocean in volcanic rocks, as in Auvergne, on Vesuvius, iEtna, and the 
islands, especially Stromboh, where some fine ciysUds, three inches broad and lour 
long, have been procured. 

8 Red hematitee, — These ores are found in the greatest abundance in the moun- 
tain or carboniferous hmestone fbrmations. The most abundant deposits » toi’ 
country are those of Lancadiire and Cumberland. 

The hsomatite of Whitehaven occurs in the carboniibrous limestones near the o^ 
crop or surface edge of the slaty rocks upon which that fonnatioa rests. The grsww 
part of the excavations fhnn which it is extracted are sabterraneoiis,Bndaoi^i^^ 
IS often the mass cf non ore in which the wmrkings are carried on, fruit Ufroflwwtv 
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Huch iiitaations to obtain a clear idea of the natore of this impaitanc 4epoiit. ( TFor* 
rmgton Smyth ) 214,433 tons of the hiHiQatite of the WhitebaTcn diflnot is melted 
oil the spot, at the Cleator Moor and other iron works, and A79,642 tons are sent into 
the iron making districts. In the year 1865, 607,43<> tons ivere raised in the Ulrer- 
Hlonc district, and no less than 937,386 tons of haiunute were exported during 1865 
(Hunt) for the supply of Staffordshire, South Wales and other districts, ftom these 
two localities, ('ousidering its quality, it brings but a low priee, \u. from 11s. 6<f. 
to 13«. (id per ton. 

'rh(‘ following anal} SOB of somt. carefully leleotod «*AiiipIos of the hnmatlte of the 
(. ti boniferous hnieston« arc by Messrs l>ick and Spillei. (Mmo^n vj the Geulogicat 
Survey of (Jreat lintain. The In . Ores of Orsat Hmao Part 1 ) 






ClMton 

i l(•ston 

I 

Lindell 

1 




Moor. 

Moor, 

»cuur 

Ulverstona 

IVroxide of iron - 




95 10 

40*36 

86.50 

94*23 

Protoxide of manganese 


- 


0*24 

0*10 

0*21 

023 

A luiiimu 


- 


- 

0*37 

• 

0 51 

l.uiio 




0 07 

0*71 

2*77 

0*06 

Magnesia . - - 




- 

0*06 

1*46 

truce 

Phosphoric acid • 




trace 

trace 

trace 

trace 

Hulpburio acid - 




trace 

trace 

0*11 

0*09 

Bisulphide of iron 




trace 

0*06 

. 

0*03 

Water, hygroscopic - 




- 

- 

- 

0*39 

„ combined 




- 

- 

• 

0*17 

Insoluble residue 




5*68 

8*54 

6*65 

6*18 

Carbonic acid • 




- 

- 

2*96 

- 





101*15 

10U20 

100*56 

100 88 


The carboniferous limestones of Derbyshire and Somersetshire also contain veinB 
and deposits of hsematite, though of a quality not equal to those of Lancashire { the 
same ore is also met with in the Devonian series of Devon, West Somerset, and 
Cornwall. 

9. Brown HtrmaMee s Brown oxide of vront Hydroua oxide of iron, — This species 
affords always a yellow powder, without any shade of red, which passes sometimes 
into the bistre brown, or yelvet black. At m blowpipe it becomes brown, and very 
attractable by the magnet ; but after calcination and oooling the ore yields a red 
powder, which stains paper nearly as red as the hsmatite does, and which is much 
employed in polishing metal". All the yellow or brown oxides contain a large pro- 
portion of water in chemical combination. There are several varieties, which assume 
globular, reniform, stalactitic, Uiid fruticosc shaj^a In many countries this is one 
of the most plentiful and valuable ores of iron ; in the oolitic form it supplies by ffur 
the greater number of the French iron works. In that state it is found in Nor- 
mandy, Berry, Burgundy, Lorraine, and many other places. It is this ore which 
exclusively supplies the Belgian iron works. It is found in this ooontry in consider- 
able quantities in the Forest of Dean, where the ore exists in ilmost unliidted 
quantity. In the latter locality these ores were worked most extensively at a veiy early 
date, and though as a class they are not rich, yet from the great masses in which the 
ore is found, its cost of produotion is very low, about 9s. to 8s. per ton ( Bhekwell). 
The iron made iVom the Forest of Dean ore, is of the quality called rsd*thortt and 
is especially celebrated for the manufacture of tin platea. This ore Is raised exten- 
sively for shipment to the iron works of South Wales. 

The chemical composition of pure brown hnmatlte is 9Fe*0* 4- SHO | 85*6 per- 
oxide of iron (— 60 iron) and 14*4 water. Yellow ochre (mlbeiaeiisteb) is con- 
sidered by Haosmann to be a distinct species; a specimen aniuyasd by him contained 
81*6 peroxide of iron, and 18*4 water, corresponding to the formula FcH)* + 8HO. 
Bog iron ore is also a hydrated oxide of iron; it occurs chiefly in bon, meadows, 
and lakes, especially in the level districts of Northern Germany and Sweden. In 
Britain it is most abundant in the northern and western islands of Scotland. It is 
generally very impure, sometimes containing as much as 10 per cent at phosphOTic 
acid, which renders it all but useless for iron making purposes. The aiUup or eagle 
stones, are also a variety of this ore ; on iHncaking the hidla so named, they are ob- 
served to bo composed of eoneentrio coats, the outride ones being very hm, but the 
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interior becoming progrewivcly softer towards the centre, which is usually earthy, 
and of a bright yellow colour , sonictimes, however, the centre is quite empty, or con- 
tains only a fbw drops of water JCtxUB occur in abundance, often even in con- 
tinuous beds, in seeonAry mountains, andin certain argillaceous strata , when smelted 
they yield a good iron 

'1 he \urying quality of the Forest of Dean ores is shown in the following anal>Mis. 
{Dr.Nuail) 






I 

11 

111 

1\ 

V 

Water - 




3 16 

5 80 

2 90 

2 11 

7 "0 

( arb limo 



- 

27 OO 

2*50 

39 bO 

14 10 

18 40 

Carb mignesia 




15 00 

18 30 

2j 00 

17 10 

18 80 

Oxide maiigancst 





- 

- 

- 

20 

Peroxide of irou 




40 bO 

)8 10 

29 00 

59 70 

30 (i2 

Alumina - 




U 00 

ICO 

- 

189 

. 

Sulphuric acid - 



- 

Iratcs 

triiiS 

tracts 

trates 

tract s 

Piiosphoric acid 


• 

- 

tracts 

tracts 

tracts 

0 20 

0 30 

luboluble rtsiduc 


- 

- 

8 84 

8 70 

3 50 

5 10 

18 00 





100 80 

100 00 

100 00 

100 2b 

100 02 


This ore 18 also found at Alston Moor and Durham, but is only used to a liiiutcd 
extent on account of its association with kad and zinc 
The iron which the brown hicmatitcs produce does not at present stand high , it 
possesses fluidity, but has a CTiat tendency to told i/ioitnes*, and is most auitable for 
foundry purposes — liUukwtU 

Some of the brown hsmatites contain a large percentage of manganaMs Their 
general composition is illustrated in the following analyses (Dr Noad) 







1 

n. 

III. 

IV 

Water - 





12 65 

12 80 

12 40 

13 20 

Oxidi of manganese 
Lime - 
Magnesia 





3 08 

9 GO 

8 80 

1120 





172 

1 10 

120 

108 

Alumina 





120 

92 

120 

104 

Peroxide of iron - 





68 57 

68 45 

67 77 

6( 98 

Sulphuric acid 





Oil 

0 11 

0 10 

■xni 

Phosphoric acid - 





101 

1 02 

1 12 

1 054 

Insoluble residue - 





12 00 

9 50 

8 80 







100 j4 

10120 

99 79 

10085 


10 PiUdty hydrate of tr<m i Pettunlc, Eisensinter.^Thin mineral occurs in many 
old mines, es pflpia lly those near Freiberg , and also bt Schneeberg in Saxony, Pleiss 
in Silesia, an^j^istadt in Bohemia, It is probably a product of the decomposition 
of mispickel* its composition, aocordbg to the analysis by Stromeyer being FH>*,As 
0 * 4 . F^,SO”+ 16U0 w 35 peroxide ot iron, Sb arsenic acid, 9 sulphuno acid, and 
90 water. According to Fretakhm^ it is first finid, and gradually separates in a sohd 
form In external characters it agrees with DiadoehtU^ which is Fe*0*,2P0* + 
4Fe*0”.S0* •¥ 82 HO, according to Gmehn from Plattoer’s analysis, vig, peroxide of 
iron, 36 69 1 phosphonc acid, 14 81 ; sulphnnc acid, 16*15 ; water, 80*35. 

1 1 YmtHorlidmie , Hatngmte or thraulite; NontromU . PhtyuUtf and ChloreptUt 
are rather rare minerals, composed of peroxide of iron and silica the fiirmer contains 
about 12 per cent of lime ; the others are destitute of this earth, but oontain from 19 
to 20 per rent of water } the amount of silios in these minerals ranges between 80 
and 40 Mr cent 

12 . UarbonaUtiftronf SparryirtMf Spadu)Mtr(Mf SphSronderUii 
This important species has been divided into two varieties i nathoso Iren ^ 
the compact carbonate, the clay iron stone of the eoal formation. SpanyU^ 
appears to range through nearly the same senes of fiirmatioDS as libe anh ffl^ 
hmmatites : it ooenrs m beds and masses often of inunefile extent, eipeoiaUy m styna 
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iind Carinthift. In the Ercbcrg, near F/menerx in Styria, it reiti on miaa, and ia 
wrought in an open quarry. The Rtahlhergand Momel, near Sekmaikald, the TieinitT 
of Liegen, and Muscn in Westphalia, shoie simtlar extensive masses , whilst in Anhalt 
and the Hara it forms large veins in greywaeke or Devonian limestone. Other very 
4 X tensive deposits of this ore are found in the Pyrenees, and the Basque provinces of 
Spain, as near Btlboa ; and at Pnebo near Bogota in New Grenada. Most of these 
localities yield fine crystals; and these also occur in metallin vein# at Joaobbnsthal 
in Bohemia, Freiberg in Saxony, Klaustbal in the Hara, Beeralstcme in DevoBshirOi 
Alston Moor in Cumberland, and in many of the minea of Cornwall, particularly 
the rare hexagonal pnsma Tn England tlu' eryitalline oartHioate of iron 

occurs in the Devonians of South Somersetshire and North Devon, atid in the carbo- 
niferous limestones of Northnnttierliuid. 

'Pho specific gravity of sparry earbouate of iron varies fironi fi-OO to 8*67. Its 
primitive form is, like that of carbonate of lime, an obitue rhamdoid. Without chang- 
ing this fbrni, its crystals are susceptible of eootaming variable quantities of carbonate 
4if lime, till It passes wholly Into this inineraL When hunted hafore the blowpipe it 
turns brown wtihont melting, and becomes atiractahle by the magnet aficr being 
slightly heated m the fiamc of a candle. Even by a short exposure to the mr after 
it» extraction ftrom the nunc, it also assumes the same brown tint, hut without ac- 
quiring thi* magnetic quality : after long expesurc to the air it becomes wholly con- 
verted into hydrated hmmatite. 

Tlic variations lo composition of this important mineral are shown in the following 
analyses. 



^tftnMetm, 

Hinau. 

Kaneift 

Pyrraeei. 

Euen, 

I.legen. 

Khrm. 

fnedori 

ilorf. 

f/mry, 

8oifieriet- 

•hir«. 

yoAtf, 

S»m0ri4rt- 

ihlro. 

Protoxide of iron 

03*70 

53.00 

43*59 

36*81 

37*33 

52*56 

Scsfiiiioxidc of iron 

- 

• 

- 

- 

8*52 


Protoxide of manganese 

0*75 

6*50 

17*87 

25*31 

12*65 

482 

Magneib - - - 

0*25 

0‘70 

0*08 

- 

4*.V2 

2*41 

Limo ... 

traces 

• 

0*24 

. 

traces 

1*25 

Carbonic acid - 

3400 

39*20 

38*22 

88*35 

35*80 

38 68 


98*75 

99*90 

1 100*00 

100*47 

98*82 

99*72 


This ore, viewed as a metallurgic object, is one of the most interesting and valuable 
that is known; it affords natui a/ steel with the greatest fticility, and accommodates 
itself best to the Catulun smelting forge. It was owing in a great measure to the 
peculiar quality of the iron which it produces that the excellence long remarked in 
the cutlery of the Tyrol, Styria, and Carinthia was due. It was called by the older 
mineralogists, steel ore. 

Coal miasure iron stones. — Thu compact carbonate of iron has no relation ex- 
ternally with the sparry vnrietT. It comprehends most of the clay ironstones, parti- 
cularly thoae which occur in fiattened ipheroidal maaaea of varioua aises among the 
coal meaanrea. The colonr'of this ore ia often a yellowish brown, reddish grey, or a 
dirty brick red. Its fracture is close grained, it b easily aoratohed, and gives a yellow- 
ish brown or grey powder. It adheres to the tongue, has an odonr slighfty argiUaeeons 
when breath^ upon ; blackens at the blowpipe withoot melting, and becomes attract- 
able by the magnet after calcination. The ironstones of the coal formation admit of 
a natural division into two great claaaes, vis. the argiltaceoutt and foe bhekband or 
corAoiuireotw. The earthy or lifooid carbonatea occur in some regions in foe npper 
limestone shales, and they extend upwards forongh the coal measures proper towards 
foclr higher limits; foev likewise ocenr in extensive beds in foe Jurassic formation, 
particnlarly in North Yorkshire ; near foe npper limit of foe lias, or ban of foe 
oolites proper ; and again higher, aanodnles and perhaps as beds, in oolites, 

or Oxford ebys. Tn^ are alio figond extensively as eonrseSj of Modules in the 
WcaUen aeries, and as beds in foe green sand. When these gray earboMales contain 
lime in abundanee, and when eby b not large^ present, they are eometimes changed 
by atnmherie infittencee into hydrated hmmatitee ; in Norfoamptonshiic, far 
and widely in France. The only great coal fiel^ in Great Britain in which foeie 
ores do not oecur in safliobnt aboManee to fbrm the bUab of a large p^netion of 
iron, are thoie of Northomberland and Durham, and of Umcaefaire* Tbo great im- 
portanee of foe aigiUaeeoni and blaekbaad irouctonea of ottr coal-fields b ebairly 
shown by foe foot, that they enpi^y at least of the entire iron pMgocd 
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{Blatkwell). Tlicj vary coniiderablv in their percentage of iron, which is generally 
not more than SO to 33 per cent, but occasionally ranges as high as 40 per cent 
They are rarely used when they contain less than 25 per cent. The varying pro- 
portions of iron, silica* end alumina which they contain is shown in the subjoined 
analyses of the ore from different localities. 
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Peroxide of iron 


- 
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I'So 

. 

1*80 

Protoxide of iron - 


- 

39 on 

43*30 
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80*75 

A liiinina 


- 

13 83 

9 88 

9*8A 

4*90 
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- 

2*52 

o-.'is 

108 

7*39 

Magnesia 


- 

2*72 


trace. 

2*96 

Sulphur 

- 


trace. 

0*09 

trace. 

trace. 

Phosphoric soul 

- 

• 

1 02 

3 87 

0 67 

0*05 

(Vboiiie aci4l 

- 

- - - 

16‘38 

22’36 

26*32 

23*47 

M ‘U» t - 

" 

... 

5 80 

0*07 

6*11 

4 89 




100 00 

100*00 
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100*00 

1 niMklwiid. A om the neighbourhood of Pontjpool. Soulh Walei . 
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XVI. 
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< 'Arbonaceoiis matter 

- 

- 


- 

1500 

13 42 

('arlKmate of iron 

- 

. 

• 

- 


G4 44« 

i'arbonate of magiitsui 

- 

• 

- 

- 


13*04 

Carbonate of lime 

- 

• 

- 

. 

Bjlljl 

8*60 






100*10 

100*00 



Iron per cent 

- 

1 29*6 

31*1 


The quality of the iron produced from the argillaceous irnnstoue is extremely good, 
provided the coals used for smcltine are good. The ore is always used m a calcined 
state, by which it loses in weight about one-third or one-fourth, the loss consisting of 
carbonic acid and water. The production of iron in South Wales, South Staffordshire, 
Northumberland, and Durham, rests almost entirely on the great beds of this mineral. 
In Scotland the ore almost exclusiyely used is the blackband or carbanaceoug ironatone, 
immense deposits of which occur likewise in the coalfield of North Staffordshire ; 
this variety sometimes contains as much as 20 to 80 per cent, of carbonaceous matter, 
but is usually free from much earthy matter ; it often contains phosphoric acid in quan- 
tity sufficient to communicate to the iron the quality of cold-shortness. The discovery 
of this class of ironstone in Scotlond by Mr. Mnshet in 1801, and the power of using 
it alone in the fhmace by means of hot blast, constituted a new era in the manufiietara 
of iron, and gave to Scotland, till then an iron makbg district of little importance, the 
pre-eminence over all others, for the production of soft fluid iron, best suited to ordi- 
nal foundry purposes.— NbcAwefl. 

In France the clay carbonates of the coal measoNs are only fbimd of suffieient value 
to work in three localities, — in the coalfields of the Card, of the Aveyron, and to a 
very limited extent in the coalfield of the Loire, near St. EtienneiP-Jf. SlaehwelL 
In America it is largely distributed over Pennsylvania, Maryland, Virginia. Ohio. 
Illinois, North Carolina, and Kentucky i but from the difficulties of working it in the 
blast fhrnaee, it is not in mcral use. " 

IS. PhoiphaUiifinmf Ftrumtfr. — The ookmr of this mineral variea 

from mdigo-blne to blackish green ; the earthy variety is white in the beds, but 
changes bine on exposure to the air} heated in a closed tube it yields mndi wJer in. 
ramesees,andbee^ spotted with greyaad red; befom the blowpipe on oharco^ it 
Aining, metallic mule. Transparent mdlgo-co£^ efysUOa of 
ph^hito Qf^a^imca an bicli m diameter and two bchealong, oeonr with iron 

and copper pyri^ to the t« and veins m St Agnse in Corn^ Itwasflm 
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1 4 SulphaU of iron, native qreen vitrtd -^This » formed by the 0x3 genation of eal- 
phunt of iron, and ii nnimportant in a metallurgic point of view 

16 Cknmatt of non, Orlahot/ta/ chronn ore, CAromife —Tbie mineral occuni in 
aorpi ntine, or in cryatalline liroeitone, near thia rock. It waa fint diacorertd at O isaiii, 
in the Var department in France, and la found in Saxony, Sileaia, Bohemia, and 
Sty ria » alao in Norway , and in large maaaea m the Ural, near Katherinenbcrg It haa 
been found alao in great abundaooe in Unat and Fetlar, in the ZeUanda , tiie mineral 
la opaque, with a atmi metallio luatre , colour, iron or brownieh-black, streak } elluwish 
to reddish brown A specimen from Norway, analysed by Von Kobeli, gave protoxide 
of iron, 25 66 , sesqiiioxidt of chromium, 54*08 alumina, 9 02 , magnesia, 5 36 , and 
silica, 4 83 , another specimen, from (''heater in Pennsylvania, yielded to Seybert prot 
oxide of iron, 36 00 , oxide oi chromium, 39 61 , alumina Id 0 , and silica, 10 60 It is 
used in the preparation of vaiious pigments bor the treatmint and use of the ore, 
see Ghroml 

16 Araeniate of iron, Pharmakom^ente , Wurftlert — This mineral, which is rather 
lare, occurs in great beauty associated with copper ons in Cornwall , it has an olive 
grien colour, and is rather brittle Its composition, according to the analysis of Bei/elius, 
IS, arsenic acid, 40 4 ; peroxide of iron 28 1 , protoxide of iron, 12 6 , water, 18 9 

17 Munate of iron 

1 a O talate of iron , Oxahte , IlumboUtine — This mineral, which occurs in the form 
of capillary crystals in the bro^n eoal at Kolosoruk, near Bilin, in Bohemia, and at 
Oioss Almerode in Hessia, is composed, according to the analysis of Rammelsberg, of 
oxalic acid, 42 40 , protoxide of iron, 41 13 , and water, 16 47 

1 9 TitanaU of tnn, Titanitic iron , Ilmeniie — This variety occurs in vanons forma- 
tfons, as in the mtauiU oi the Ilmen mountains, m ialct with dolomite, at Gastein in 
halaburg , in the zircon lyam/e at Egersiind in Southern Norway, and in gneue, with 
magnetic iron ore, at Tvcdestiand, and Kragerse, near Arondal It is extremel)r in- 
fubible, and is considered injurious when mixed with other ores Its chemical coin- 
]iosition, according to 11 Rose and Scheerer, is a combination of peroxide of iron, and 
itliio ovule of titanium, m various proportions, the specific gravitj' increasing with 
the amount of iron 

20 7 ungitate of iron , WtAfram, occurs with tin ore, forming fine crystals, at 
Aliinberg in Saxony, at Sehlackenwald in Bohemia, and m France, m quartx veins 
In Cornwall, especially near Redruth, it is sometimes so abundant as to render the 
tin on wholly valuehss An anal} sis of a specimen firom Cumberland gave Berse- 
has, tungstic acid, 78 77, protoxide of iron, 18 32 , protoxide of manganese, 6 22 , and 
silua, 1 25 

Ihere is abundance of evidence that iron was well known in the early ages, and 
was opplied to various useful purposes Ihe earliest method of working the fiimace 
whci i ores WL re smelted seems to have been by exposing them to the wind the furnaces, 
perfoiated with holes, were built on eminences, and could only be worked when there 
was a strong breese , the fire was reflated by opening and shutting the apertures 
Mungo Park gives, in his ** Travels in Afi'ica,” the following interesting account of 
an iron smelting operation in Kamalia, at which he himself assisted ** The ironstone 
was broken into pieces the size of a hen’s egg , a bundle of dry wood was first put 
into the furnace, and covered with a considexable quantity of charcoal , over this was 
laid a stratum of ironstone, and then another of charcoal, and so on until the fiimace 
was quite full The furnace was a circular tower of clay, about 10 feet in height and 3 
in diameter, sm^unded in two places with withes, to prevent the clay from cracking 
and fallmg toJIPt s by the violence of the heat Round the lower part, on a level with 
the gioand,but not so low as the bottom of the fhrnace, which was somewhat concave, 
were made seven openings, into each of which were placed three tubes of clay, and ihe 
openings again plastered up in such a manner that no air could enter the fhmaeo but 
through the tubi^ by the opening and shutting of which the fire was regulated The 
fire was applied through one of the tubes, and blown for some tune with bellows made 
of goat's skm. The operation vent on ve^ idowly at first, and it was some hours befom 
the fiama appeared above the fomace , but after this it burnt with great violence all the 
first night, and the people who attended put in at tunes more oharcoaL On the day 
lollowmg the fire was not so fierce, and on the second night some of the tubes were 
withdrawn, and the air allowed to have free access to the fhmaoe \ hut the heat ^ 
still very great, and a bluish fiame rose some feet above the top of the ftimace. Oa 
the third £iy ^m the commencement of the oj^tion all the tubes were tskhn 0^ 
the ends of many of them being vitrified with the heat, bnt the metal waa nut 
until some days afterwards, when the whole was perMly ood , part of tha 
was then taken down, and the iron appeared in the fond of a large irregnler 
pieces of charcoal adhering to it It waa aonotoos, a|d When aikgr pcraon waeltWKav 
off, the fiacture exhibited a granulated appearanee like brbken ateaL** 
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That the iron oree of MonmoiaUiihire and Oloneaftenhlra wm ntaiiively iroTked 
by the Romaae dnrinff the period of their reiRO in Britain » eorUdn, IhM tb« fanmenia 
beds of iron cindera that have been diaeoteted in the Fdreet W Dean | It ia pvobaUe 
that Bath wae the principal seat of tlieir fbnndnea , rdtea «f Ihnir oparaiianaj , in the 
form of emdcra, and coins, have likewiee been diacovered in Yorkihiie and In other 
countiei. During the reign of Wilitam the Coaqinror. Olooeetter mm the eHy heia 
the trade of foigiug iron mm ohicfly earned on* the Foreat ef Dean anpplyfUg the 
( res It ia uncirtam vrhen the art of uiatiog wm drat diaootered \ oannon lie anp* 
posed to have been brat used in England by Bdirard the Third, mhm naod thena hi hit 
invasion of Scotland in 1887, at ( rtM^r, and at the siege of Olilaia In 1846 These 
cannons were not boat \< r east, but wf rt conatnMdeiloii the aaitte principles aa coopers 
c instruct their baricla , a number ot iron bars fitting aa cloee as possible to eaeh other 
Wife arranged round a eylindet of w Hid.atid were then bound teiaiiber by strong iron 
lioopt ; the wood btmg dnten out, there remained an iron ptpe whira fonned the barrel. 
Dus mode was suinrseded by cainap the cannon ol bmnie 
During the Uth and 1 6th centnriea. iron and steel were imported into this country 
f m (tcrmati} Fiussia, and other places, and alao iron trom Spam ; but aa sererA 
IT provementa m the manutactisre had takeu plate in the course of this period in 
1 igland taws were made towards the eonctuaion of the 15ih eentnry, prohibiting the 
ni |x>rt itioii of any of the articlee nianaiketured » this country in iron and steel During 
tl c reigu of blisalKth, the consumption of charcoal by the iron fomarea was so gieat 
that it was deemed noocssai^ to enact laws to prohibit the erection of new ihruaccs, 
and to prevent the felling of timber fi>r fuel , persons interested in the manufacture 
ol iron were consequently compeUed to turn their attention to the finding of some 
Bubstiiuie for charco il, an \ in the ftifpm of James the First and Charles the nrst many 
attempts were madi. to suitU iron with pit-eoal, but without succtu; the consequence 
was the entire abandonment of iron making m many parts of the country, and a great 
deoieasc in the manuiacinre in others, so complete indeed was the failure of all the 
expenments madt to substitute pit coal for charcoal, that all attempts were abandoned 
till the early part of the neat century, when pit coal was first used (1713) by Mr. 
Abraham Darby in lus furnace at Oslebrook Dale , and in the 44th volume of the rhilo- 
sophical Transactions, published m 1747, it is stated, that ** Mr Ford, fiom iron and 
coal, both got in the same Dale (( olebrook), makes iron brittle or tough ns he pleases, 
there bv mg cannon thus cast so soft, as to bear tummg like soft iron ** Notwiibstand- 
ing, however, the establishment of the fact that iron ore could be smelted, and iron 
manufactured with pit coal, and although great efforts were made, by increasing the 
column of blast, by the substitution of steam power for that of horses and human 
labour, there appears to have been a stiady and progressive diminution in the quantity 
of iron produced in this country , and recourse was had to foreign markets, particu- 
1 irly to those of Sweden and Russia, for the necessary and increasing demand 1 bus, 

the imports of iron between th<* years 1711 and 1776, were as follows — 


Tom 


1711 

to 

1718 - 

• 

. 

. 

• 

. 

- 15 648 

1729 

t* 

1735 

. 

. 

• 

. 

. 

- 25,501 

1750 

M 

1755 - 

• 

. 

• 

• 

. 

- 34,072 

1761 

n 

1766 . 

• 

- 

- 

- 

- 

• 48,980 


In 1740 there were only 59 blast fnmaees in work In England and Wales, the total 
make of which amounted to not more than 17,850 tons, being an average of 294 tons 
per annum for each fitmace, a quantity very little exceeding that sometimes made m 
a fteyb week m some of Che famacee m Wales at the present day 
The earliect eoatiivanee fbr throwing a powerfol and oonatant blast into the ftimace 
was a Ibreing pomp, worked by a water wheel or by a eteam engine , end It appeaii 
that the first ^hnders, at leut of anv magniCude, were ereeted it the eelebrated 
Canon Iron Woiks in the year 1760 by Mr John Bmeaton. Theis eylindera were 
four fret six indhes in diameter, exactly fitted with a piston, moved tip and down ^ 
means of a water whed i in the bottom of the cylinder was a large vahs, like that 
of a beliowa, whidi rose m the nistcn wie lifted np^ and thoe admittea the air into the 
cavity of the cylinder below. Immediatdy nbove the bottom was a tinbe which went 
to the Ibmace^ and as it proceeded ftom the blinder, wae fhmished with a vahn 
opening ootwards Thna whea the idston wae drawn up, the valve fis the hottm 
roee and admitted the air that way into the cylinder, while the leleral valve ehnt, and 
prevmilea any air ftom getting into H throngh the pipe. When the rimon was 
throet down, the valve In the bottoin dosed, while the air, being eo m pressed in the 
of the eyiwder, was videnOy Ibro^ ont throngh the take Into 
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I irriace. There wore four of those large cylinders applied to blow the furnace, and 
• ) contrirod, that the strokes of the pistons, being made alternately, produced an 
filinost uninterrupted blast. A large column of air, triple or quadruple density, wns 
thus obtained, and effects equivalent to these great improvements followed. The 
sumofbrnaoe that formerly yielded ten and twelve tons weekly now Miraetimes produced 
fort 3 r tons in the same period, and on the average in one year 1,500 tons of metal 
(Scrivenor); and such was the impulse given to the trade by this unexpected success^ 
of a powerful blast with pit-coal, that in 1788 the manufacture of pig iron in England, 
Wales, and Scotland amounted to 68,000 tons, being an increase of 50,960 tons on 
the quantity manufhetured previous to the introduction of pit*coal. 

A new era in the history of the iron manufacture may he considered to have been 
established in 1788 90, by the introduction of the double power engine of James 
Watt, the reguliir and increased effects of which powerful machine were soon felt 
in most of the iron districts ; the proprietors of furnaces greatly increased their make, 
and tVesh capital was embarked in the trade : in the short period of eight years, the 
lOanufllctaru of pig iron was nearly double, being in the year 1790, (according to the 
Mtoms sent to the chairman of the committee of the House of Commons, on the sub- 
ject of the coal trade, when Mr. Pitt had it in contemplation to add to the revenne by 
a tax upon coal at the pit mouth,) 125,079 tons, from 121 fhrnaces— 104 English and 
Welsh, and 17 Scotch; the English and Welsh fhrDaoes producing an average of 1,048 
tons each per annum, and the Scotch fhrnaces 946 tons. In 1806, the number of. 
furnaces in blast in Great Britain was 178, and the make 258,206 tons of pig iron, 
being an increase in ten years of 1.33,127 tons per annum ; of these 162 were coke 
furnaces, the average? produce of each of which hod risen to 1,546 tons. In this year 
great excitement existed in the iron trade, in consequence of the proposal of Lord 
Heniyr Petty to levy, ns a war tax, a duty of 40*. per ton on pig iron ; he introduced 
a bill into the House of Commons having this object, and succeeded in cairying it, 
notwithstanding a powerfil opposition, by a majority of ten members; the measure 
was however abandoned. . 

In France, in 1801, the quantity of cast iron pfodueed tmoaiited to 140,000 tons- 
ft'oiu 650 blast furnaces, of which only one (that Of Creuiot) was worked with coke. 
In 1809, a description of the English prooeM of making iron wii published by order 
of council, by M. de Bonnard (an enf^eer ol painefli); ahother engineer of mines 
(M. dc Gallois), after having passed sevciOl IMnths in England, established at St. 
Etienne the second blast furnace in France, wherein the minerals were treated in the 
same manner as the English, and in whioh coke was employed ; but the difflcnlties 
he had to encounter proved a bar to his success, and he is said to have died prema- 
turely ftom the grief and trouble which the enterprise occasioned him (Scrivenor.) 
The employment of pit-coalin mannfkctnre of Iron received a very slow develop- 
ment in France, for in 1816 the quantity of cast iron made with coke was very small, 
and no wrought iron was prepared with pit-coal ; in 1824 not more than 3,00U tons of 
cast iron were made with ooxe, but in 1828 it bad risen to 17,000 tons, llioiigh this 
did not amount to a tenth of the whole prodnoe, nevertheless the quantity of bars made 
with pit-coal amounted in this year to 48,000 tons, being nearly one-third of the 
total manufacture of wrought iron. 

Cast iron, using that term in the sense in which it is now understood, mnst have been 
wholly unknown to the ancient metallurgists, for even in the smelting of their poorer 
ores, where thev urged their fhrnaces with the greatest beat they could command, 
using probaUw Ume as a flnx» the reduced metal vfks allowed to cool in the of the 
fhrnace, aolfl|ps never run into pigs as in the modern practice ; their ^st iron was 
produced in one operation, and alter oooling and separating the scoriie, it was forged 
at once into tough hard ban under the tilt hammer. The time and ftiel consumed 
in these ancient methods was enormous, and the iron that remained in the scoria, 
amounted to fully one half of the original metallic contents of the ore. 

The modern processes of iron smelting differ materially according as the fhcl 
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find In A short ume the eombuiuon stireuds through the whole natst the small quantity 
of pyrites that the ore oontaius is decomposed by the TolatiliMliloa of tfie sulphur . the 
moisture is also driven off, and the ore, from being very hard and rofraolory, be* 
tomes pretty easily pnWerisable In the space of twenty^fbur houiU the toasting is 
coinpietid and the ore when sufleiently cool transforred to a Stamping null, 
^here it is pounded dry, and afttrwards sifted thi ngh a network of iron, which will 
not admit any piece larger than a hasol-nut to pass tt Is now luady to baimtlted 
The amtlting furn ict is a strong quadrangular piU of mnsom, the lutentil form 
of VI Inch, though simple in form, is not very easily described ft may be considered 
in general as rt presenting tao irngular troncatid ionos, joined bM Ip base f of 
these the lowei is sraiccly iiiort than one«thud ol the upper, and is pierosd by two 
opt mugs, through the iipinr end of which the blast of wind fWjui the blowing 
mathine is adniitted into the furnave , and from the lower the melted matter, 
both sconm and metiU, is discharged fiom tunc to tune at the pleasure of the 
workmen. 

Th< fhmace is first filled with charcoal alone, and will heaUd after which alter- 
j tit< chargtK ure added of ore, either alone, or mixed with liinestoue (if it rt quires 
nn> fittx) and charcoal, the blast is let on, and tki metal m the on being ^highly 
irboms^ in Its passage through the nppei pait of the furnace, is rendily nicltid 
is froon as it arrives iti the fuoits of the blast, whence it snbsides in a flnid state to the 
bottom of the furnace covered with a incited slug Part of the clay that closes the 
iowi r aperture of the furnace is occasionally rtinosed, to allow the scoria to flow out, 
Hiid at the end of every ninth hour the iron itself » disr barged into a bed of sand, 
where it forms from ten to twcUo small pigs As soon as the iron has flowed out, 
the ajicrture is closed again, ami thus the mmaco is kept in lucessant activity during 
the first six months of the >car, tlie other six months are employed in lepaiiing the 
furnaces, making chaicoal, and collecting the requisite provision of wood and ore 
'I he next process for conviiiing the pig into bar iron is refining for this purpose a 
furnace is made list of, resembling a smith's hi aiih, with a sloping cavity, sunk from 
ten to twelve inctua below the level of the blast- pipe This cavity is filled with 
charcoal and scoria, and on the side opposite to the blast pipe is laid a pig of cast 
iron well cohered with hot fuel The. blast is then let lo, and the pig of iron being 
placed in the very focus of the heat, soon begins to melt, and as it liquifies, runs 
down into the cavity below here, Wing out of the diuct influince of the blast, it 
Ik comes solid, and is then taken out, and replacc*d m its former position. The cavity 
being then filled with charcoal, it is thus fused a second tune, and after that, a third 
time, the whole of these, three processes being usually effected in between three and 
four hours As soon as the iron has become solid it is taken out, and very slightly 
liamniercd to free it from the adhering scorim it is then returned to the furnace, and 
placed in a coiner, out of the waj of the blast, and well covered wiUtcbarcoal, where it 
remains, till, by fUrtber gradual cooling, it becomes sofbciently compact to bear the 
tilt hammer. Here it is well beaten till the seonm are forced out, and ft is then divided 


into several pieces which, bj a repetition of beating and hammering aie drawn into 
bats and in this state ready tor sale The proportion of pig iron obtained from a 
given quantity of ore is sub eel to considerable variation, from the difference in 
the meti^ic contents of different parcels of ore and other cireumstancet , but tbs 
amount of bar iron that a given weight of pig metal is expected to yield is regulat^ 
very strictly, the workmen being expected to furnish fbur parts of tne former for five 
parts of the latter, so that the loss does not exceed 20 per cent 
In some parts of Amenea, particularly m the states of Vermont and Hsw Jerss}, 
the Catofun forge is eztenuveiy employed for smeUmg the rich roagnetie ores which 

there abound. The fbrm of this fire 
*** (which 11 nearly uniform ev^where), 

and the manipulation with It lu Ame- 
rica, IS thus described by Overman i 
—The whole is a level hearth of stone 
work, from 6 to fi fret square, at the 
comer of which is the fiieplaoe, from 
24 to 30 inches square* and from 15 
to 18, often 20* Inohes di^ Inside it 
is lined with east Inm jfiates, the 
bottom plate beisf from 2 to 8 inches 
thick, jfftpure OA rmesents a eras 


section throuiA the flrepleee and tu- 
^ ^ yerc, ecmmonlyesUed toe iron; diw* 

pTLsenls the firs*|dao^ which, as remarked above, li qf vanous dimeaslotts. 
tayers b k from 7 to 8 inebes above the bottom, and more or Ims hbli^ ao* 

TVS 
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cordiug to eircuinstanees. The blast is produced by wooden bellows of the common 
form, or more generally by square wooden cylinders, urged by water wheels. The 
ore chiefly employed is the 
crystallised tnafpietic ore. This 
ore very readily falls to a 
coarse sand, and when roasted 
varies fWim the size of a pea 
to the flnest grain. Sometimes 
the ore is employed without 
toasting. In the working of 
such fires much depends on the 
skill and experience of the 
workman. 'J'he result is sub- 
ject to considerable variation, 
that is, whether economy of 
coal or that of ore is our ob- 
ject. Thus a modification is 
required in the construction 
either of the whole apparatus 
or in parts of it The manipn- 
lation vanes in many respects. 

One workman by inclining his 
tuyere to the bottom, saves 
coal at the expense of oNtuin- 
ing a poor yield. Another by 
carrying his tue iron more ho- 
rizontally at the cominencc- 
nicnt, obtains a larger amount 
of iron, though at the sacrifice of coal. Good workmen pay great attention to 
the tuyere, and alter its dip according to the state of' the operatmn. Ilie general 
manipulation is as follows : — The hearth is lined with a good coating of charcoal 
dust ; and the fire plate, or the plate opposite the blast, is lined with coarse ore, 
in case any is at our disposal. If no coarse ore is employed, the hearth is filled with 
coal, and the small ore piled against a dam of coal dust opposite the tuyere. The 
blast is at first urged gently, and directed upon the ore, while the coal above the 
tuyere is kept cook Four hundred pounds of ore are the common charge, two-thirds 
of which are thus smelted, and the remaining thiid, generally the finest ore, is held in 
reserve, to be thrown on the charcoal when the fire becomes too brisk. The charcoal 
is piled to the height of two, sometimes even three and four feet, according to the 
amount of ore to bis smelted* When the blast has been applied for an hour and a half, 
or two hours, most of the iron is melted, and forms a pasty mass at the bottom of the 
hearth. The blast may now be urged more strongly, and if any pasty or spongy 
mass yet remains, it majr be brought within the range of the blast and melted down. 
In a short time the iron is revived, and the scoris are permitted to flow through the 
tapping hole o, so that but a small quantity of cinder remains at tlie bottom. By 
means of iron bars, the lump of pasty iron is brought before tbo tuyere. If the iron 
IS too pasty to be lifted, the tuyere is made to dip into the hearth ; in this way the 
iron is rais^ from the bottom, directly before, or to a point above the tn^re, until it 
is weld<>d iukj^ coherent ball, twelve or fifteen inches iq diameter. This ball is 
brought to tMnmmer or squeezer, and shingled into a bloom, which is either cut in 
pieces to be stretched by a hammer, or sent to the rolling mill to be formed into 
marketable bar iron. A mixtnre of fibrous iron, oast iron, and steel, is the result of 
the above process ; the quality of the iron depends entirely on the qi^ity of the oic, 
for there are no opportunities for the exercise of any skill to create improvements m 
the process : poor ores cannot be smelted at all. In Vermont, where the rich mag- 
netic ores are employed, a ton of blooms costs about dOdoUars } 4 tons of ore^ and 300 
bushels bf charcoal are required to produce 1 ton of blooms. The ^0iraNiii4P a 
piice of the French, or StUek-qfen of the Germans, bolds a place intermediate be- 
tween the Catalan hiorth and the high blast furnace now in raeraluse. The iron 
produced in this kind of ftimace is generally of a very snpenor kind, but U it 
little in use at the present time, on Recount of the great e^nse of Its ttanifadatioa* 
The StUek>a/en, or salamander ftmaoe, u it is sometimes wled, is a imall ^ 
interior having the form of a doable crucible.' It is usually from 10 to 16 
and 24 inches wide at bottom and top ; and roeasuriii at ita w'ideet piit aboot e met* 
There are generally two tuyeres, both on the samejide | the Is oo* 

ring the smelting operation it is ahvLi by bricks^ Uie fionace ii httM iniew** ^ 
closing m the breast \ after which charcoal and ore are thrown in | m km » ^ 
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turned on : M loon u the ore pastei the tuyere^ iron ii depoiited ti the bottom of the 
hearth { when the cinder riaes to the tuyere« t portion is snlfeted to throngh a 
hole in the dam : the tuyeres are generally kept low upon the surlhei « tho molted 
iron. Which thus becomes whitened : as the iron rises thetuyereo m niaed. In 
about 24 hours one ton of iron is deposited at the bottom of the Ihmace. the blast is 
gg. turned oft and the Iron, which 

^ is in a iidid nwii in tht fbrm of 

t a saluwusdor, or i9iiickw9(ft as the 

tiermuM sail it, is lifted loose ftrom 
the bottom by crowban, taken 
by a p»w tt Mroa. taaga, whieh 
arc fhstened on chains, suspended 
on a swing crane, and then re- 
moved to an anvil, where it is flat- 
tened by a tilt hammer into four- 
inch thick slabs, cut into blooma, 
and Anally stretched into bar iron 
by smaller hammers Meanwhile 
the ftimace is charged anew with 
ore and coal, and the same pro- 
cess is renewed. This preosss, 
as well M that of the Catalan 
hearth, is impracticable with ores 
containing much foreign matter, 
or less than 40 per cent, of metal. 

The general form of the mo* 
dern charcoal blast furnace, as 
used in the United States, where 
this fuel is far more common than 
pit-coal (indeed, it is doubtful 
whether any coke furnaces are at 
the present time in operation in 
that country), is shown in certical 
section ID Jig, 994, and in section 
throngh the tuyere arches in Jig, 
gg. 995. The ores designed to be 

smelted in this furnace are hy- 
drated oxides of iron, such as 
brown hiematite, brown iron stone, 
pipe ore, and bog ores. The height 
is 85 feet; hearth fh>m base to 
the boshes, 5 feet, 6 inches ; width 
at the bottom, 24 inches ; and at 
top, 3(1 inches* The tuyeres are 
20 bches abore the base. The 
boshes are 9 feet 6 inehos in dia- 
meter, and measure fhim the top 
of the crucible 4 feet, which gives 
about 60*’ slope. The blast is 
conducted through sheet -iron or 
cast-iron pipes laid below the bot- 
tom stone into the tuyeres. The 
top is ftimished with a chimney, 
by which the blue ftam the tunnel 
head is drawn oft Aroond the 
top is a fence of iron or wood. 
FVp. 996 shows the mpihod of pre- 
paring and arranging the heam- 
ftones. d. is the Mtom stone, 
madeof a floe (dos s > g ra!ned femd* 
stone, from 12 to 16 Inches thl^ 
at least 4 feet wide, and 6 feet 
long; itmfihesnndsriitathatleeit 
half of the dam^one A Thk 
bottom Slone is well bedded In 
flre-elay, mixed with three-ftmrthsmnd. After tlm bottom stone fe pleeeft the 
part of which most he three-fourths of an inch lower at the dnm-eione Hum at t^ 
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buck, the two side stones r, nre laid embedded in fire-clav. These stones must 
be ut least 0 feet and a half lonjif, reaching from 18 inches behind the crucible to the 
middle of the dam-stone. Their 990 

foiio is most commonly si|UQre, 
that is, a prism of four c(]uul 
sides ; the transverse section of 
the grain must be in all cases 
placed towards the fire ; the side 
stones are sometimes square, but 
oftener bevelled according to the 
slope of the hearth. Upon these 
stones the tuyere stones d are 
bedded I the latter suffer much 
iVom heat, and therefore ought to 
be of the best quality. They 
should be from SO to 24 inches 
square, or even larger: the tuyere 
holes f, a kind of taper arch, arc 
cut out bolbre the stones are 
bedded. These stones do not 
reach ffirther than to the front or tiinpstone p, and are therefore scarcely four feet 
longf the top stone e, is generally sufficientlp high to raise at once the crucible to its 
destined height. After both sides are finished the back stone I is put in, and then 
the timpstone, g ; the space between the hearthstoues and the rough wall of the 
furnace stack is filled and walled up with common brick or stones. 

In starting n charcoal furnace, it is first thorouglily dried by burning a fire for 
several weeks in the interior, which has a temporary lining of bricks. The lower 
part of the furnace or the hearth is then filled gradually with etorooul, and when the 
fuel is well ignited, and the furnace half filled, ore may be charged in ; it is some- 
times advisable to increase the draught by forming grates by laying across the tinip a 
short iron bar, as high up as the dam-stone, by resting upon this bar six or seven other 
bars or ringers, and by pushing tlieir points against the back stone of the hearth. 
There is not mnoh iron made during tbe first 24 hours; most of the ore is transformed 
into slag, and the iron which comes down gets cold on the bottom stone, where it is 
retained; the blast should not be urged too fkst at first, but increased gradually, in 
order to avoid the serious evUariring from a cold hearth; if all goes on well the hearth 
will he free frrom cold iron or clinkers in a week, the yield of iron will increase, and 
the harden may be iberetsed likewise. The average charge of charcoal, which should 
be dry, coarse, and kfrdk is about 15 bushels. According to Overman's experience, 
the most favourable height for a charcoal furnace is 35 or 3G feet; if below this 
standard they oonmime too mneh friel, if above they are troublesome to work ; if it bo 
desired to enlarge the capacity of a furnace, he thinks it better to increase tlie 
diameter of the Imhes, or to curve the vertical section. There is much difference of 
opinion amongst managers of furnaces on the subject of the proper size for the throat 
of the frirnaoe; the tendency of narrow tliroats would seem to be to oonsume more coal 
than wide oti 0 % inasmuch as in Pennsylvania and throughout the whole west, where 
narrow tops are preferred* the consumption of charcoal per ton of iron is from 160 to 
180 bushels, w^ in the state of New York, and furtbei* east, where the ftimace throats 
arc wider, th^^nsumption is from 120 to 130 bushels. Another subject which 
demands the stnmest attention is the regulation of the blast A weak soft charcoal 
will not bear a much greater pressure than from half a pound to five-eighths of a 
pound to the square inch ; strong coarse charcoal will bear from three quarters of a 
pound to a pound; and again, it may be laid down as a rule that the larger the throat 
in proportion to the boshes, the stronger ought to be the blast, and that a narrow top 
and wide boshes, while they permit a weaker blast, involve the loss of much frul. In 
every case a careful roasting of the ores at charcoal furnaces will prore advantageous; 
this is the surest means of saving coal and blast, and of avoiding many annoyances in 
the working of the frimaoe. 

With regard to hot blast, as applied to charcoal furnaces, Overman-remarks, mst 
under some circumstances it might be advant^ous, but in others it is decidedly 
Injurious } that it is, at least, a questionable improvement, and it Bqigy be doab^ 
whether the manufseture of bar iron has derived any beneQt froih lti 
lively it has not Hot blast is quite a help to imperfret workmen t it askits refreolory 
ores, and delivers good foundry metal with friciliiy. ^ _ 

JEnglUh process qf iroa makwg.— Mr. Hunt, in ki* valuable " Mkie^ 
tisacs,’* gives us the total quantity of pig iron progikoed In Great Britain in «bn 
1664 ;^4,767,9S1 tons, and in 1865, 4,819,264 toaa, as follows 
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1M4. 1801). 

tal. Twit. 


Northumberland ... - 


65.467 

49,890 

Durham - 


- 4M,M0 

476.767 

\ orkshirc, Nortli Aidiug . - - 


• 

466,431 

Do. West Biding - . - 


- 118,093 


Derbyshire 


• 174.741 

189,664 

Lancashire ... • 


1»M«> 

204 J25 

( uiuberJand 


* 141,033 

107, 

Shrotishiie . . - - - 


130,066 

117,848 

North Stuifordslnre - . - - 


- 8i:i>96 

206,268 

i4outh Ktaffordsbire and Worceslershire 


- 0jH,793 

692,627 

Northamptonshire aud Lincolnshire - 


S2,isa 

35,726 

GlouceshTshirc, Wilts aud Somerset - 


65.318 

05,471 

North Wales . - - - - 


51,108 

51,874 

South Wall a - - - - - 


988.729 

916,909 

Scutlaud - - - _ _ . 


- 1,160,750 

1,163,478 


4 » 767,951 4 , 819,254 

Tlie number of furnaces in blast in 1865 to furnish this astonishing make were, in 
I'liglaud, 376, distributed over 176 iron works; in Wales, 135, distributed over 49 
workN ; aud in Scotland, 141. over .39. To supply these furnaces there were raised 
9,<» 10,045 tons of ore, the estimated value of which, at the place of prodnotion, was 
.H,.324,804/.} that of the pig irou, at the mean avera^ cost at tlie place of production 
bung 12,048,13)/. Of the ironstone, 1,384, .500 tons were argillaceous carbonate 
from the coal measures of Staffordshire and Worcestershire; nearly 1,500.000 tons 
liom the coal measures of North and South Wales ; and 1,500,000 tons argillaceous 
( arbonate from Scotland. The annual production of pig iron over the whole world 
uas estimated by Mr. lllackwull, in December, 1855, as Ibllows: — 


Toni. 

Great Britain ------- 8,000.000 

France 750,000 

United States of America 750,000 

Prussia 300,000 

Austria - -- -- -- - 250,000 

Belgium 200,000 

IluHbia 200,000 

Sweden - - 150,000 

Various Germau States ----- 100,000 

Other countries 300,000 


6,000,000 


From which it appears that the quantity of iron made annuallpr in this island alone, 
is nearly, if not quite, as large as the totu quantities produced in all other oountriea. 
The nature of the ore which forms the staple tupplv of the English fhmaces (argil- 
laceous carbonate), and tlie universal adoption df coke and coal as fViel, have led by 
necessity to a method of manofkcture of iron quite peculiar to this country, and wholly 
inapplicable to those establishments that are carried on by means of charcoal. We 
shall proceed to describe the vsrious steps of this manufacture in detail and first, 
Of Uu blast funuua , — ^The blast furnaces at present in use are of vurlons slsei, being 
from 35 to 60 feet in height, and at the botha, or widest part,* from 12 to 17 feet The 
internal form commonly adopted eonsisU essentially of two ftotrums of cones meeting 
each other at their bas^ at the point where the widest part or the top of the boshes 
is situated. From this point the furnace gradually contracts both upwards to its 
It outh, and downwards to the level of the tuyeres below. The hearth, properly speak- 
007 ing, is that part of tlis nrnaco only 

which receives the flnid metal and 



square. The air is introduced by one, two. 


cinder, as they fhll behnr tha level of 
the tuyereSi It forme a ehort pro- 
loagaUon ihm thM pobtof the krm 
inverted cone. From the hcMhee 
upward tba width gnditally deertasei 
to the tnniiel he^ whieh variee from 
7 to 9 fitet in diameter, aceoidlng to 
the siae of the fbmaoe. The heeitli 
is generdllv a eahe, from t| to 8 feet 
or three small epertnne, eatted taqmmb 
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'WJicn two toyeros are used, the orifioci of their blowpipes are about three inches in 
diameter, and the pressure of the bloat is from to a Iba on the square inch. To 
preTont the tuyeres from being melted by the intense heat to which they are ex- 
jioscd, a stream of cold water 

IS caused constantly to flow 998 

round their noizles by an 
arrangement which will be 
immediately understood by 
an inspection of Jig. 997, 
which represents a section 
of a tuyere nossle thus pro- 
tected, the cold water en- 
tering the casing by the tube 
a, and the hot water run- 
ning off by the tube h. The 
upper part of the fhrnace 
above the boshes is called 
the cone or hody. It is formed 
by an interior lining of fire- 
brick, about 14 inches in 
thickness, between which and 
the exterior masonry is a 
casing of fine refractory sand 
compactly rammed in, air 
holes being left for the escape 
of aqueous vapour. In the 
base of the furnace four 
arches are left, the back and 
sides are called tuyete Aotue^, 
the front is called the cinfkr 
fall; the bottom of the fur- 
nace is formed either of largo 
blocks of coarse sandstone or of large fire-bricks. The materials are charged into 
the furnace through the tunnel head, which is provided with one or more apertures 
for the purpose. The general form of a blast fhmaoe is shown in Jig. 998, and the 
following measurements represent the interior structure of two that worked well:— 



No. 1. 
4.5 


No 9. 
49 
6 
7 


Height from the hearth to the throat or mouth - 
Height of the crucible or hearth ... 

„ of the boshes ...... 

„ of the cone - - .... so^ 

„ of the chimney or mouth - - - -8 - -12| 

Width of the bottom of the hearth* - - - -2^- - 2 

n at its upper end - - 2 

„ oftheboshesf - - - - - - 12] - - 13 f 

„ at one-third of the belly - - - - 12 - -Hr 

„ at two-thirds of ditto 81- - 9r 

„ at mouth - -4* - -3 

Inclinat^ipi the boshes t 59^ - - 62P 

Ftg. 999 represents the hearth and boshes in a vertical side section, a is the (jymp 
stone, and & the tymp plate, ibr confining the liquid metal in the hearth. ^ The Igttor 
js wedged firmly into the side walls of the hearth { e is the dam-stone, which ooonpisf 
the whole breadth of the bottom of the hearth, excepting about six inches, which space, 
when the furnaee is at work, is filled before every cast with a strong binding lani 
This stone is faced outside by a cast-iron plate d, cmled the dim plate, of oonsiaerable 
thickness and peculiar shape. The top of the dam-stone, or rather the 
dam-plate, lies from 4 to 8 inches under the level of the tnyere hole. The ipj^ 
nnder the tymp plate, for 8 or 6 inches down, is rammed fUll ibr every east with * 
strong loamy earth or even fine clay, a process called tymp stopping. 

* The width of the hearth dlflhri greatly in the ftimooet In different locolitteiu 
from 6 to S feet I in the Welsh furnoen from 6 to S feet. When coke U aotd atliMl Tru rin tjn a« 
6 feet a luflldent width (tor all purpoMS i but with eoal, with CUll.tUh!d fUrnacei, 16«o 
**”^^^f* he ihluks a 7 bet hoortn to be more advMitagMHu. ^ ^ 

t diameter of the boshee In some of the WeiA farnaeee Is as miuA as (hmi II 1^ owion 
the hoihei rise In different Airnocei aeries ay to 
jhoiwhen the full snelting power of the ikmoee le dielr(< the angle should ael M Ids Ibid W'* 
wbleh U about that of the Beotcrftenaeei. 
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The blowing maobinee employed in StefTordihjrc are generally oylinders, 

in which o metallic pitton ia exactly fitted as fer a iteam engine* and enA in the aainu 
way. Towards the top and bottom of the blowing cy llndem orificet iPtc left covered 


with valvec, which oici 
ciiuin it madf* with we 


m inaide when the ira- 
t cylindem* and after- 


, ^ “ / warda that by their own weight, A^otagee 

/ conduct into Uie iron globe or i^heal the air 

/ uxpellid by the piaton» ootb in its aaeent and 

\ / doseent, b^ante thcae Mowing maohlhM have 

“X j / always a double , 

\ / The pMiure of tin air it nmde to vary 

. , y through a very cootidcrablo range, according 

I \ ! ./ I the nature of tliu fiicl, and th<‘ aeaton of the 

Li E \ i f — summer the atmoaphere is more 

n I rarefied it mutt be expelled with a oompen- 

U ^ > bdtiog forces The limits are liom to 

^11 j . . . pounds on the inch* the average in Stafford- 

tWww I shire being 3 lbs. The orifices, or nose pipes 

I through which the air issues, also vary with 

f’ • the nature of the coke and the ore. 

“ ' apparatus employed at the Cyfarlha 

works, moved by a 90 horse steam power the piston rod of the blowing cylinder 
IS connected by a pnroliilogiam mechanism with the opposite end of the working 
beam of the steam engine. The cylinder is 0 feet 4 inches diameter, and S feet 
4 inches high. The piston has a stroke 8 feet long, and it rises 13 times in the 
iiiinutp. By calculating the sum of the space percorsed by the piston in a minute, and 
supposing that the volnme of the air ex^lled is equal to ouly 96 per cent, of that 
sum, we find that 12,588 cubic feet of air are propelled every minute. Hence a 
horse power applied to blowing machines of this nature gives on an average 137 
cubic feet of air per minute. 

At the establishment of Cyfartha for blowing seven smelting fiirnaces, and the 
seven corresponding fineries, three steam engines are employed, one of 90 horse power, 
another of 80, and a third of 40, which constitute on the whole a force of 210 horses, 
or 26 horses and |th per furnace, supposing the fineries to consume one-eighth of the 
blast In the whole of the works of Messrs. Crawshay, the proprietors of Cyfartha, the 
power of about 340 horses is expended in blowing 12 smelting furnaces and their 
subordinate fineries; which gives from 25 to 26 horses for each, allow ing as before Jth 
for the fineries. Each of the furnaces consumes about cubic feet of air per 
minute. 

The form of the blast furnace from the bosbes to the throat is exhibited in Jig, 998 
ns a truncated cone, and such was formerly invariably the coustruction ; of Into years 
however considerable variations have been introduce. In Scotland the body of the 
furnace frequently is carried up cylindrical, or nearly so, for a considerable height, 
terminating with the usual truii^at^ cone to the mouth; in other places a curved Tine 
is substituted for a straight one. The form adopt^ in some fhmaces recently 
erected at Ebbw Vale and Blaina is shown in^g. iOOO. 

The diameter of the throat or filling place is a subject of very great importance to the 
operations of the furnace. Most iron masters are, we believe, agreed as to the impolicy 
of the narrow tops formerly adopted; (he waste of fuel in such furnaces, where the 
width of the throat scarcely averaged one* fourth of the diameter of the furnace, was 
very great, the average yield of coal to the ton of crude iron exceeding 6 tons; by 
enlarpng the throat to one-third, the consumption of coal was reduced to 4 tons, and 
by continuing the enlargement to one-half it was reduced to 8 tons. Mr. Truran 
icatea that on redocing the diameter of the throat of a fUrnace at l^wlaUl from 9 feet 
to 6, the make ofpig iron weekly (Ml off from 97 tons, to an irregubr make of from 60 
to 70 tonei and that while with the 9 feet throat the consumption of coal wee 46 ewta. 
lo the ton of iron, it rose witk the 6 feet throat to 70, 80, and 90 cwts., the qnglity of 
the iron being exceedingly bod. On enlarging the throat to 94 feet, the fludke, ibr a 
period of 6 months, averaged over 160 tons, with a good yield of coat and otto 
materiala Mr. Tiuran appease to question the utility of reducing the diaateter o| the 
frnuiDe at the top, which wet only adopted in the fint plaee from an erroneous 
impreasiim that the ftiniaoe could be filled best through a contracted month ; bat H 
nay be questkmed whether this wideoing of the throat maT not he cirried too fhr, ao 
_ tho heated gaiea too rapidly, and whether a diiOBetermnoh 


adopted On 





IRON. 


I oominciieiiig at tha point where it attains its neatest width were continued 
same wide dimeniions upwards to ito moou, two objectionable results 

would ensue 

a ascending column of heated gases, 

and by the entire absence of the rc- 
verbi^rating effect of the contracted 
mouth; and secondly, the materials 
could not be equally spread from 
the filling holes over so wide a sur- 
face The diameter of the upper 
I)art fiirnace ought, therefore, to be 
such as will cause the materials 
thrown In at the filling holes to dis- 
tribute themselves equally in tbcir 
descent over every part of the sec- 
tional area of the furnace, and « ill 
produce such a reverberation only 
of heat as shall be sufficient to ex- 
pel the Vinter and carbonic acid 
contained in the materials, without 
consuming any of the carbon of the 
fuel, which ought to remain intact 
until it reaches the lower regions of 
the fhrnace, where it is vaporised 
ns carbonic oxide, and produces 
(he reactions on which the reduc- 
tion of the ore depends.” 

Calcination^ of the irmutme, — 
This is effect^ either in kilns, or 
in the open air ; the object being 
to separate carbonic acid, water, 
sulphur, and other substances vola- 
tile, at a red heat. The operation 
is performed most effectually, and 
probably at the smallest cost, in 
kilns. The interior shape of the 
B — calcining kilns differs in different 

works, but they may all be reduced 
to that of the common lime kiln. 
A coal fire is first lighted at the 
bottom of the kiln, and the iron- 
stone is placed over and around, 
until the floor is covered with red 
hot ore ; a fresh layer of ironstone, 
with about ft per cent of coal, is 
tlien laid on, to the depth of Aor 9 
inches ; and when this is red hot 
a second layer is added, and so on 
gradually till the kHn is flUed ; hy 
the time this is done, the lowermost 
layer is cold and fit to draw, so that 
the workiqg of the kiln is a con- 
tinuous operatioii. When the ore 
is calcined in the open air. a heop 
mingled With small eoal (if no®*®: 
sary), is plied dp over a sinrtmB 
larger pieces of coal, the 

. The •,« to eraltod « 

end, and after H Us hdttrt d dsr- 
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tain way, the heap is prolonged at the other MKtreinity, m\M •» the mMtt of the 
ground, or the convenience of work requirae. Ffeni the intfiUftimy of regnhiUQg the 
draught, and fVum exposure to the weather. Ilie cgldnatmibof ore eangiM beio well 
performed in the open air as in kilns; and ai to the relative ddft of the ttHtMethoda. 
Mr. I'ruran oalridatt's that the quantity of coal |K‘r Pm of Mi hi the kll4 onehun* 
dred-weighi of small ; and in the open air. two hundred of email, and a half 
hand red- weight of large; and that while the cost of the kiln ia haielk a 
penny per ton, that of etacking the heape on the open air pmk and watehing them 
dutiug the period tiiey are undir file, amonau to fimrpenee per ton, Against 
thiH must, however, be placed the cost of ereoting the kiln, whirh nci ording to the 
same authority amounts, for a kilu if a capaelM equal to 7u tena of argtllaceoaa ore. 
wliirh Will calcine 146 tons weekly, to I60f. The {ranslone loae* by oalciniiig from 
25 to 30 per cent, of its weight ; it has nndergooe a letuarkahle change by the o|)era- 
tion, in the raw state, it is a grey or light l^wn stony looking suhstanee, not at- 
tiirti^d hy the magnet; sftcr calcination it has a dry fc**l. adhms strongly to the 
* labile, IS cr.tckid lu oil directions, is of a light reddish colour throughout, and acts 
pou ertulU on the magnit. It should bo earned to ttie furnace as soon as possible, or 
if kept should be carefulU protected from the ruin 

Vlujt — The only finx tnutis used in the bluM furnace is/t'mesfoae. cither in the state of 
calls III iii‘ as It conics fioui the quarry, or calcined in kilns, by which it is deprived of 
vi.itcr nnd carlx>ii>c acid The lowest bed of the coal formation usually rests on 
hiiK'stoiie, and m the coal IdMiiatioa itself are found not only the ore and its most 
appropriate fiiel.but the |k«h1ily grits which afford the blocks of refractory stone ncces- 
anry foi huildiiig those par's of an iron furnace that are required to endure the utmost 
extremity id heat, as well as those seams of refractory cloy, of which the fire-bricks 
arc com|Ki8ed, with which the middle and upper parts of the furnace are lined. ** Tbni 
many situations in this favoured island may be pointed oat, in which all tho above 
mentioned materials occur almost on the same spot ; and when to this is joined tho 
convenience of water camiige, as happens in many places, that roan must indeed 
he of an obtuse understanding and a churlish temper iti whom this wise arrange- 
ment und prodigal beneficence of nature fails to pioduce corresponding feelings/’ 
— Aifun, 

The condjiosition of the limc«tone to be used in smelting operations is of consider- 
able importance ; where calcareous ores are used, the presence of silicic acid in tlie 
limestone is advantageous; if clay ores are the main material from which iron is ma- 
nufactured, a magnesian limdhtonc is preferable, but an aluminous limestone should 
be used where siliceous ore predominates. Chemical analysis alone can determine to 
which class a particular limestone belongs, as there is often nothing in the external 
tippearance by which a pure limestono may be distingoisbed from one containing 40 
or 50 per cent, ol foreign matter. 

i^aiboniscd pit-coal or coke was, till within the last twenty-five years, the sole com- 
bustible used in the blast furn.'ice. Coal Is coked either in the open air or in kilns. 
Ill the former, as practised in Staffordshire, the coal is distributed in circular 
hcs|)6 about 5 feet in duimetvr by 4 feet high, and the middle is ooenpied by a low 
brick chimney piled with loose bricks, to open or to leave interstices between them, 
cvpecially near the ground. The larger lumps of coal are arranged round this 
chimney, and the smaller ones towards the circumference ef the mast. When every- 
thing is adjusted a kindling of coals is introdueed into the bottom of the brick 
chimney, and, to render the combustion slow, the whole is covered with a coat of coal 
dross, the chimney being loosely covered with a slab of any kind. Openings are 
occasionally made in the crust, and afterwards shot up, to qaicken tad retard the 
ignition at plcasuTe during its continuance of twenty-fbur hours. Whenever the 
carbonisation has reached the propw point for forming good obke the oovering 
of coal dross is removed, and water is thrown on the heap to extinguish the com- 
bustion, a circumstance deemed nsefol to the quality of the cohe. In tbU operaUoa 
in Staffordshire coal loses the half of its weight, or two tons of coal produce one of 
coke. 

In order to prepare lamr quantities of coke at once, long ridges are oflta eahsti^ 
tuied for clroular heaps, the length of whitdi variee with eireumstanees and the eOtt>* 
sumption of coke; they sometimes extend to the length of SOO foot On eNieting one 
of these ridges a string is stretched atong the coking station, in the direction of which 
large pieces of ooel are jdnoed slanthig against each other, leaving a triangnlar spnee 
between them, so that a longitudinal cbaonel (ignition pa«ago) is formed throttjj^ 
which the string passes. In arrsaging the pieces it is neoessaiy to pay attention to 
the natural stratification of the eoali, which thonld he at right angles to tha tongHadlnal 
direction of the ridge. Parallel with the first series of coals is pla^ a seeoiidy and 
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Uien a third, and ao on $ bnt the pieces constantly diminish in sif e nntil the station 
measures 6 feet on both sides. Upon this substrncture the heap is then mode, 
without particular care in the arrangements, the largest pieces below and the smallest 
nboTo, until it has reached a height of about 3 feet. To fhcilitate the ignition, stnkch 
arc rammed in at distances of 2 feet firom each other, projecting above throughout 
the whole length of the ridge, which, when subsequently removed, leave vacant 
spaces for the introduction of burning coal. The rid^, being thus kindled at more 
than 100 distinct spots, soon breaks out into active combustion. As soon as the burner 
observes the thick smoke and flame cease at any one part, and a coating of ash 
making its appearance, he endeavours immediately to stop the progress of the fire by 
covering it with powdered coal dust, repeating the operation until the whole ridge is 
covered, when it is left two or three days to cool ; the covering on the side exposed 
to the wind should be thicker and increased in stormy weather. When the fire is 
nearly extinguished, which occurs in two or throe days, the coke is drawn. This 
mode of coking is simple, but not very economical The fire proceeding from the 
upper part of the ridge in a downward direction, towards the lower and interior parts, 
converts the cool in the upper strata into coke before that in the interior has acquired 
the temperature necessary tor charring,, and is still in want of a supply of air, which 
can only be furnished from without, and must not be excluded by a covering. During 
tl)c time, therefore, that the inuer parts of the heap are being converted into coke, the 
outer portions are being uselessly, though unavoidably, consumed. For further details 
concerning coking see the articles Coal and Cokb. 

The “ blowini^ in ” of a coal blast furnace is an operation which requires much 
care and expei iciice. A fire of wood is first lightM on the hearth ; upon this is 
placed a quantify of coke, and when the whole is well .ignited, the furnace is 
filled to the throat with regular charges of calcined ore, limestone, and coke, and 
the Mast, which should at first be moderate, is turned on. At the works around 
Merthyr Tydvil, the first charges gcneriiliy consist of 5 ewts. of calcined argil- 
laceous ore and ij cwt. limestone, to 4 cwts. of rich coke; this burden is kept 
on for about 10 days, it n then increased to 6 cwts. of calcined ore and cwts. of 
limestone (Tftiron). The cinders usually make their appearance in about 12 hours 
after blowing, the metal follows In about 10 hours after, collecting in the hearth to the 
lunount of 3 or 3} tons in 60 hours after blowing. If all goes on well about 22 tons 
of metal will be produced in the first week, 38 tons in the second, 56 in the third, aud 
nearly 80 in the fourth; after 10 or 12 weeks the produce will average 110 tons. 
Ity forcing the fhrnace in its Infancy a much greater produce of iron may be obtained, 
though to the injury of its Subsequent working. Mr. Truran relates the following 
case in point. A furnace was blown in at the Abcrsychan works with such volumes 
of blast and rich burden of materials that a cost of several tons was obtained within 
14 hours after applying blast The first week’s blowing produced 200 tons, at which 
rate it continued for two or three weeks, when it rapidly diminished, fledling so low us 
19 tons fur one week's make. From this deplorable state it was made to produce 26 
tons, and, after oonsiderablc delay, 100 tons ; but with a large increase in the yield of 
materials over that at the other furnaces. When a fhrnace is first blown in it should 
be made to produee grey iron ; but the tendency of forcing is to produce a white iron 
with a dark scouring cinder. 

The quantity of ur thrown into a blast furnace in fiill work is enormous, exceeding 
in weight the Jptali of all the soiled materials used in smelting. A fhmace working 
on foundi^Mb of a capacity of 275 yards receives 5390 cubic feet of air per 
minute, wfflili amounts weekly to 1695 tmis ; when working on white iron a larger 
volume of blast is employed, averaging 7370 cubic feet per minute, or 2318 tons per 
week. 

The disorden to which blast fhmsces are liable have a tendency to produoe white 
east iron. The colour of the slag or scoriss is the sorest test of these derangements, 
as it indicates the quality of the products. If the fhrnace is yielding an iron projjer 
fur casting into moulds, the slag has an nniform vitrification and is slightly translucid. 
When" the dose of ore is increased the slag becomes opaque, dull and of a greenisn 
yellow tint, with blue enamelled sones. £iitly, when the fhmaee is producing wh^ 
metal, the slags are more or leu black and glossy. The scorUs from a coke an v w 
more loaded with lime than those friun a charcoal UaSt fhmaca. This exoeu of iwe 
appears adapted to absorb and earry off the sulphur whbb woold otherwise ii^M tw 
quality of the iron. From nnmeroos analysu we have made of blut Amace ciwm 
we select the fbllowing as'illnstrating thrir genenl compoaition under dUkmt 
tionsoftheflinume. 
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Anntysea of Bhat Furnart* Cimtrra, (D». Noad) 
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Tlie tollowing Inblo exhibits the “yields” of materials per ton on the iron made 
ill Mirioufl workH Dunn^ tlie month ending July 25th, 1857, there wore consumed 
in four fiiiiniccs lit Khb^v Vale 1354 tons 14 cwt of coke ; 1792 tons of coal ; 2440 
tons 19 cwt. of calcined nunc; 1616 tons 10 cwt of red ore; 1347 tons 6 cwt. of 
calcined cinders ; and 1220 tons 7 cwt of burnt lime. The quantity of pig iron 
mode wfis 2305 tons 7 ent : — 


YicfJi of Maieriala per Ttm of Iron, 
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I. l)o«l«ii foundry iron. II Dowlais forgo iron. III. Dowlsli Inferior forge Iron. IV. Htrwaln 
foundrv iron. V. Duiulyvau. Scntland, foundry iron. VL Puniipnoi cold blait foundry Iron. 
VII. Ebbw Vale foigeiruii. VIII. Cwm Celyn forge iron. IX. coulbrook Vale touiidr> Iron. 


The “ cinders” mentioiit d in the fore^ing table are not those fVom the blast 
furnace, but are deri^red from the oast iron during the processes of “refining,” 
“ puddling,” &c., by which rlio cast iron is converted into wrought iron. These 
cinders arc very rich in iron, which exists in them principally in the form of silicate 
of the protoxide. They often occur beautifully crystallised, particularly alter they 
have been calcined, an operation which is always performed on them in well con- 
ducted works, and which has for its ob^t the removal of the sulphur and the per- 
oxidation of a portion of the iron, ^ese cinders, though very rich in iron, are 
always contaminated to a considerable extent with both sulphur and phosphorus, as 
might be expected, seeing that they are the resnlu of operations which have for their 
objects the removal of the foreign matters contained in the pig iron. The tendency 
of the former is to make the metal what Is called “ hot short, so that it 1 m 

worked while hot nnder the hammer ; the tendenoy of the latter element is to make 
the iron “ cold short,” so that it breaks when an attempt ismade to bend it when cold. 
The separation of aulphur ia very perfectly effected by the caleination of the cinder, 
and it is interesting to traee the prqgresa of its gradual eliminatioD. In sqine parts of 
the heap (which often eontalnc aeveral thonsand tons of cinder) large muiies of 
prismatic eiystala of pare sulphur may be found, bat usually nearly the eolire smfeee 
of the heap is oorered with a thin layer of sulphate of iron, sometimes erjitalUaed. 
bntgenerally in wions stages of decomposition I lower down in the heap, whmOie 
heat is greater, the anlphate of iron disappears, and in its place red oxide of iron. 

withontatfaeeof snlplmr.iifetmd. In ealemivg a heap of dnders care is reodrid 

not to allow the heat to rise too high, or immense mssses wilt beeomemeUed 
inndving the necessity of blasting, which entails mnefa expense. Ailet the has 
been burning fer some months, streams of water are directed over the sifffeea, 
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which mnoh coluble lulphato of iron » removed. Unfortunately, the prooeu of 
calcination does not remove any of the phosphoric acid, which necessitates a judicious 
employment of these cinders in the blast furnace We have repeatedly submitted 
** forge cinders** to analysis, and give in the following table the average results ot our 
experiments. 

Analynfs of Forge Cindera (Dr Noad ) 



Hot hla^t — One of the greatest impiovcmcnts ever made by simple means m any 
manufattuie, is the employment of hot air instead of the ordinary cold air of the at- 
mnsphirc, in supplying the blast of fuinaces for smelting and founding iron The 
discovery of the superior power of a hot over a cold blast in fusing refractory lumps 
of cast iron, was accidentally observed by Mr James Beaumont Neilson, engineer to 
the Glasgow Gas Works, about the year 1827, at a smith's forge in that city, and it 
was made the subject of a patent in the month of September in the following yiar 
Ko particular construction of apparatus was described by the inventor by which the 
ail was to be heated, and conveyed to the furnace , but it was merel;f sta^ that the 
air may be heated in a chamber or closed vessel, having a fire tmder it, or in a vessel 
connected in an} conyenient manner with the forge or furnace hroro this vessel the 
an IS to bt forced by means of a billows into the ftimaoe The quantity of surfhee 
which a heating furnace is required to have for a fbrjrc, is about 1,260 cubic inches , 
for a cupola furnace, about 10 000 cubic inches The vessel may be enclostd in 
brickwork, or fixed in any other manner that may be found desirable, the application 
of hciited air in any way to furnaces or forges, for the purposes of working iron, being 
the subject claimed as constitutmg the invention 

Wherever a forced stream of air is employed for combustion, the resulting tempe- 
rature must evidently be impaived hy the coldness of the air injected upon the fuel 
The heat developed in combtlithm is distnbuted into three portions , one is comma- 
nicdted to the remaining Ihel ; another is communicated to the azote of the atmosphere 
and to the volatile Jlroducti of oombostion ; and a third to the iron and fluxes, or other 
BUI rounding matter, to be afterwards dissipated by wider diffusion. This inevitable 
distribution takes place in such a way, that there is a nearly equal temperature 
ovir the whole extent of a fire-place, m which an equal degree of combustion 
exists. 

We thusj^lpcive that if the air and the coal be very cold, the portions of heat ab- 
sorbed by tlm might be very considerable, and sufficient to prevent the resulting tem- 
perature from rising to a proper pitch; but if they were Very hot they would absorb 
less ealoric, and would leave more to elevate the common temperature. I<et us sup- 
pose two fbirnaces charged with burning fuel, into one of which cold air is blown, and 
into the other hot air, in the same quantity. In the same time, nearly equal quantities 
of fiiel will be consumed with a nearly equal production of heat ; but b^withstandiog 
this, there will not be the same degree of heat in the two frimaces, for the one 
which receives the hot air will be hotter by all the excess of heat in its air a^re 
that of the other, smee the former air adds to the heat while the latter abstracts 
it Nor are we to imagine that by injecting a little more cold air into the one fur- 
nace, we can raise its temperature to that of the other. With more air ^>tdeed ^ 
should bum more coals in the same time, and we should produce a greater qusntwy 
of heat, but this heat being diffused proportionally among mor^ eoneiderahle 
of matter, would not produce a greater temperature ; we should have a lagfer 
heated, but not a greater intensity of heat in the same space. ^ 

Thni^ according to the physical prinotples Of the production anfi 
heat, fires ffid with hot air should, with t£l aunfi fri^ rice to a W|jlir pilch « 
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pereiure than fed with common col^ mr Thli eonseqneneo li i«d«pcndent of 
the mniBet, being as tnie for a unall atoee whi«h ImW oolg in iWMO of eharooal 
in a ininut<!« as for a ihroace whiofa burea a hniidred*wohm i bill |he oiooaa of 
tempi ratiirc produced by hot air cannot be tho aame hi •tnait irei ao in gToali bo* 
causi the waate of heat is usually liaa the more Aiel la bnmed* 

1 his principle may be render* d still more endeut be a tMuaenoil UlnitiiliOB liet 
118 take, for examph a blast fbrnace, into which Otm mtbic ftet of aiy lire blown 
pir minute, suppose it to contain no ore bttl namely coal nr eohe, and tbni it bee 
bun huniinff lung enough to bav< arriTod wt the utniUbniun of tctnpemtnre, and 
1( t D*) SCO 'fni It excess of temperature it wonld baire if biptra With air of SOO^ C. 
(072 F )• instead of bt mg blown with air it HP C 
600 cubic fsit of air, nndir the mean tompertturc and pteesure, weij^ a little 
num than 45 pounds avoirdupoi»i they contain 10 t pounds of oxygen, ahioh 
vionid burn veiy neaily 4 pounds of carbon, and disengage 16,000 timei es much 
beat as would raise by ono degree per cent the temper Jdure of two pounde of water 
I 10,0oo portuns of heat, produced every minute, wdl replace 16,000 other 
I itt ons ot luat, ilibhipatcd by the sides of the fhrnaoc, and employed m beating 
lb giihca which escape from its mouth This must take place in order to oetnb- 
i all th< assumed t qmlibnum of caloric 
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will bo ready to operate upon any bodies witbin its range, and to heat them one- 
ciffhth moio Thus the blast of 300^ 0 gives a temperature which is nme-eighths 
of the blast at zero 0 , or at eren the ordinary atmosphene temperature ; and as 
we may reckon at flnm 2,200^ to 2,700^ F (fiom 1,200^ to 1,500° C )• the tempe- 
rature of blast furnaces worked m the common way, we perceiTe that the hot-air 
blant produces an increase of temperature equal to firom 270° to 360° F. 

Now in order to appreciate the immense effects which this excess of tempera- 
ture may produce in metallurgio operations, we most consider that often only a 
lew degrees more temperature are required to modify the state of a fusible body, 
or to determine the play of affinities dormant at lower degrt es of heat. Water is 
solid at 1° under 32° P , it is liquid at 1° above. Every lusible body has a detcr- 
miuattt melting pomt, a very few degrees above which it is quite fluid, though it may 
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a, for examide, which rednees the groMar 
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ftw degrees above, it is in general lively and oomplcte. It if nnneoeisary in this 
artkle to enter into any more details to show the influinee of a few degrees of heat 
nioie or kss m a furnaoe npon chiinual operations, or merely upon phjiieal changes 
( i Ht itc 

hjH 1002 1003, rxhihit tht ttpi uratus of the h t Hast as mounted at the Codner 


Park works lx long iig to William JtMop rti|, in tvery reouisite detail The di air- 
ings from which th w od cuts an faithfully copud u ere aindiy turn shed for this 
w rk by Mr Joseph (ilyn, F ft 8, tht distmguishi 1 engineer of the Butteily Irob 


\\ oi ks 

lilt smelting furnaces hav to gtnerally ihiet tuY^res^ end thi 1 1 SMS of air 
li itiiig AimudS J he fignres si w two sets built toj^Hiir the th rl 8et being de- 
lehi I on ttcuiint of pttuiiar loial cireumBtanecs Ihc a r enters the horisontal 
I ft A in tht gr mild plan fit 1002 on om sideofthi si dud or syfdioa pipes, shown 
in upright Btetion in /7y 1001, and passts through thtsi pipes to the hor rontal pipe,ii, 
on till uthti Hidi whence it proceeds to the blast fbii iCe Tbes syphon pipes are 
tilt mdlatir Mv tluii snUon btiiig i paiallclogram, to give m le heating surface, 
ID 1 Is ) II ore depth ul pipe (m the eertu il plane) so as to make il stronger, and less 
1 ihlc to bend by its own weight when sotteiiid by tin red heat Ihis system of 
lehed pijM ufiparutus is set in a kind of os n from which the flue is taken out at the 
^ 111 , hu itthfuee n^i«m dt sec ids, be lot e ^ leaebes the chimney, entering it 
ixdiU it the le el ol the liu grite (as witli ct'^i gas retorts) By this contrivance, 
the I ipes aie ke j t in i 1 u h ol ignited iir lud not exposed to the eoirndiog influence 
t a cum ut of flame 1 ht }dutes ind direcuuns of these oven flues art plainly marked 
111 tin dtawing. 
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Ftg 1004 IS a plan of the blast fbniace, drawn to a smaller scale than that of the 
preceding figuret. 

The three sets of hot blast apparatns all eommunicate with one hnrof oondnetlng 
VoL n Z Z 
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pipes, A, which leads to the furnace. Thus in case of repairs being required in 
one set, the other two may be kept in full activity, capable of supplying abundance of 
hot air to the blast, though of a somewhat lower temperature. &e Smkltimo for 
constructions of different blast furnaces ; also Puddlinq. 

During a visit which Dr Ure made to Mr. Jessop, at Butterly, he found this emi- 
nent and very ingenious iron-roaster hud made several improvements upon his hot 
blast arrangements, whereby he prevented the alteration of form to which the arched 
jupes were subject at a high tempt rature, as also that he was about to employ five 
tiiyt^rcs instead of three. For a drawing and explanation of his furnace-feeding 
apparatus, see Smi.x.tino. 

The experiments through which Mr Nielson’s important discovery was introduced 
into the iron manufacture, were made at the Clyde Iron Woiks, where the fUel ge- 
nerally made use of was coke, derived from splint coal, duiing its conversion into 
coke, this coal sustained a loss of 55 per cent. Dun^ the first six months of the 
year 182'), when all the cast iron in the Clyde Iron Works was made by means of 
the cold blast, a single ton of cast iron required for fuel to reduce it 8 tons Ij cwt ot 
coal, convcrtt>d into coke During the fust six months of the following >cur, while 
the air was heiUd to ncor 300° F., 1 ton of cost iron required I tons 3] cwt. of 
cool converted into coke The saving amounts to 2 tons 18 cwt per ton of iron, 
Aom which must he deducted the coal used in heating the air, which was nearly 8 cwt 
'I’hiti great success induced the Scotcli iron-mastcis to try a higher temperature, and 
to substitute raw co il tor coke , and during the hrst six months of the year 183 ), the blast 
being heated to 600°, 1 ton of cost iron was made with 2 tons 5^ cwt of coal. Add 
to this 8 cwt ( f coal for heating and wc hive 2 tons 13^ cwt of coal to make one ton 
of iron. An extraoidinary impetus was given by this discovery to the iron manu- 
facture in Scotland, wheie, from the pi culm nature ot the coal, and fW>m the cir- 
cumstance that, with a heated blast Mushet’s bluckband ironstone could bo exclusively 
iisid. Its importance was more highly felt than m England and Wales. According to 
Mr. Finch’s statement (Senvenor’s “ History of the lion Trade”), there were in 1830 
only eight works in operation in Scotland, which made in that year 37,500 tons ot 
pig iron , in 1838 there were eleven works, consisting of 41 fiimaces, which made 
147,000 tons, b<‘ing an increase m eight ycais of 110,000 tons per annum; m 1839 
there were 50 furnaces in blast, making 195,000 tons ; m 1851» 750,000 tons of 
pig iron were made, and in 1856, with 127 furnaces in blast, the make rose to 
880,500 tons The infliii ncc of hot blast boa likewise been felt in the anthracite 
district of South Wales, where that coal is now successfiilly used, and where several 
new fiimar(.s have in consequence been erected In short, notwithstanding the oppo- 
sition with w hich the introduction of hot blast was met by engineers, as being de- 
structive of the quality of the iron, so pp%at have been the advantages derived from 
it, that at the present time more than nmeteen-twentieths of the entire produce of the 
kingdom is m^e in fomaecs blown with heated air. 

Mr. TruVan, in his recent work on the iron manufactare of Great Britain, gives it 
as his opinion that the effects of hot blast have been ^catlj exaggerated, and that it 
18 to improvements m the preparation of fuel and ore m the furnaces, in blowing en- 
gines, and in the smelting process, far more than to the heating of the blast, that we 
must refer the great reduction in the yields of coal in recent tiroes ; he thinks that 
the comparatively large produce which has been obtained from the Scotch frirnaoes, is 
to be referred to th ^ geueral use of carbonaceous ore, which melts at a low tempera- 
ture ; and which, from its comparative freedom from earthy matters, requires^ but a 
minimum dose of limestone for fluxing. Against this opinion of an Endiw writer on 
iron smelting ^ynay place that recorded by au American metallurgist, Nr. Overman, 
who has writtdlPlargo and in many respects a valnable treatise on the manufhctnre 
of iron, as conducted in America. ** The economical advantages arising iirom the 
application of hot blast, casting aside those eases in which cold blast will not work at 
pll, are immense. The amount of fuel saved in anthracite and coke ftimaces vanes 
from 30 to 60 per cent In addition to this, hot blast enables us to obtain nearly 
twice the quantity of iron within a given time that we sbouM realise by cold hlut. 
These advantaecs are far more striking with respect to anthracite coal than jp relation 
to coke or-to b&uminous cool By using hard charcoal, we can save 20 per cent of 
fiud, and augment the product 50 per cent From soft charooal we diall derive but 
little benefit, at least where it is necessary to take the quality of 'flie iron into con- 
sideration.** 

The following tables, embodying the general results of an extended series 
meuts on the relative strength and other mechanical properties of cast iron, obtained ny 
the hot and cold blasts, are extiacted firom a report presented to the British Asiociatian 
by Messrs Eaton, Hodgkinson, and William Fairbairn. 
or the three colnmni of nnmberi, the first represenH the atreqgMi tv crfM qnauiy 
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in the cold blast Iron, the second that in the hot, the third is the ratio of these qualitiM t 
the figures included in parentheses indicate the number of experiments firom which 
the results haee been deduced. 


Camson Iron, Ve. 1 

Tt mile tlrength In lb> pi*r •quara inch • 
lumprtitive atrength In lb«. per Inch, ftuii 
CMtuiga torn atundei . . « - . 

Ditto, from pri«Mt of f arloui formt ... 
Ditto. Uwm cyllndi rA - • * 

TransverM ctrenffth from all experliiuiils 
Toner to I Mist Impact . . . . . 

JranaverM aireagth of bars one iucli aquare 
III Ibju * ■ ..... 

l<ltlmaiedeSeetlon of tlo In inihti . . . 

Miiduluc of elutleUjr in IIm* por aqatre Inch - 
Sliwllc grerltr 

Dm ON Ikon, h''o 3. 

'letiKiO htrength ...... 

I on |( •' hIva •trenalh . . . . . 

1 raiuverae do fiom mtprrimeniH g>Hieraily 
T wet to rcAUt Impact ..... 

I rse Mrmgth nl ban ont liuli tqu ire . 
I KiiimU lilflMtllhdo • . . . . 

Modiiitu of I luiticit} ...... 

spr«.iUc gt ivtt> • . . . . . 

Coin Tamm laoK, No S 
1 eniillp atreiiyth ...... 

t oniprmiivp itmigth ..... 

'jpriiflcstavity ....... 


€ lEHON Iron No 3. 
IVmilo strength ... 

(. umpretiiive atn ngth 

Spec ISc gravity .... 


j Iron, No I. 

I entile itrcngUi • . * • • 

rompreMive tirenglli .... 

Trantverte itrength ..... 
Tower to reeUt iinpaict .... 
rranavorte airength of ban one liii h aqiinre • 
iriifmate dedeitloii do .... 

Modiilua of elaitldty . . • • . 

bpodSc graiity 


< oM BltN 

HotaiMt 


t6.<iSS 

(9) 

13,408 

(1) 

1000 r SOB 

1(4, S7S 

(9) 

106,640 


Kies . 10801 g 

101.01 

(4) 

100.7SS 


1000 lost ( Is 

m,40B 

U) 

181, ess ( 

fi? 

lOOO • 970) a* 

- 

Mi 

• • ( 

13) 

HRO’ 991 


(•) 



UWKl ; 1005 

470 

ftJ 

46S 

<*) 

linOi 973 

1 SM 

uS 

1IIS7 

ta) 

1000 t 1018 

I ,370,0)0 

It) 

16,086,000 

(S> 

■ III) 1 

7*006 


7.046 


1000 ; 997 



81.007 

(n 


. . 

• 

146.438 

(4) 


• * 

v') 

• « 

(8) 

1000 : 1417 



• 

(4) 

lOOO : 8786 

HB 

(9> 

637 

(9) 

1000 . 1 199 

T'l 


1 (K) 

(8) 

1000 : 1380 

A‘>07,7UO 

(») 

8J.473.680 

(8) 

1000 : ORl 

7,406 

(4) 

7,8i0 

(2) 

1000 * out 

1HHA3 

(9> 

16.676 

(9) 

1000 ‘ RH4 

81.770 

(4) 

68.739 

(4 

1000 • lOlJ 

0,086 

(4) 

(1,968 

(4) 

1000 . 1002 

14,200 

(9) 

17 788 

(2) 

1000 t 1880 

llA.Mi 

(4) 

138,4(0 

(8) 

1000 • 1186 

7.138 

(0 

7.08G 

0) 

1000 : 080 

17.460 

0) 

18,481 

(1) 

1000 t 760 

03,3b0 


86,397 


1000 : 928 

• . 

(6) 

m m 

(6) 

1000 1 981 

. . 

(41 

. . 

(2) 

1000 t 904 

403 

(3) 

4^6 

(8) 

moo t 948 

T68 

(4) 

1 M 

(8) 

100 1 1 1088 

15, Ml ,800 

(2) 

13,730,800 

(4) 

1000 I 803 

7.079 


G.96B 


1000 : OHO 


These results contain nearly the whde of the information afforded by the investi- 
gation. From the numbers in the tables, it will be seen that in Buffery iron No. 1 
cold blast somewhat surpasses hot blast in all the following partioulars • — 1, 
direct tensile strength ; 2, compressive strength ; transverse strength t 4, power 
to resist impact ; 5, modulns of I'losiicity or stiffness i 6, specifio gravity ; while the 
only numencal advantage iKisdessed by the hot blast metal is that it bends a little 
more than the cold before it breaks. In No. 2 the advantages of the rival kinds are 
more nearly balanced, still rather in fhvonr of the cold blast. No. 8 hot blast Carron 
iron resists both tension and compression better than cold blast of the same denomi- 
nation t and No, 3 hot blast from (he Devon works in Scotland is remarkably strong, 
while No. 8 cold blast is comparatively weak, notwithstanding its high specific gravity. 
On the whole it would appear from the experiments, that while the irons of Na 1 have 
been somewhat deteriorated in quality by the hot blast, those of No. 8 have hem 
benefited by its mdUifyingpdwersi while those of No. 2have been but very slightly af- 
fected ; and from the evmenee bronaht forward, it is rendered highly probable that 
the introduction of a heated blast, whilst it has, perhaps, to a certmn extent, injured 
the softer irons, has improved those of a harder nature ; and considering the small 
deterioration that the irons of the quality No. 2 have sustained, and the apparent 
benefit ofwthose of No. 8, together with the saving effected by the heated bUtt, there 
seems good reason for the process becoming so general as it has done. 

The followtng gmoral summary of results, as derived from the experiments of 
Messrs. Hodgkinifa and Fairbaim on the transverse strength of hot and eok blait 
iron exhibits at one view the ultimatnm of the whole invesl^tion. 


8X2 
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JUtloof StroMtli 
thstorColdBlaM 
being represent- 
ed by 1000 

Ratio of Powers to 
sustain III pact 
Cold Blast being 
1000 

1 best irons are fVom Mr Hodgkinson’s cx|)cn- 





nunts — 







Carton iron, No 2 - 

• 

... 

1000 

990 0 

1000 . 

1005 1 

Devon iron. No d - 

. 

... 

1000 

1416 9 

1000 

2785 6 

Buffrey iron. No 1 - 

. 

... 

1000 

030 7 

1000 

962 1 

I hose irons are from Mr« 

Faitbaims expert- 





nil Ills — 







( oed lalon iron. No 2 


. 

1000 

1007 

1000 

1234 

i oed Talon ditto. No ) 


... 

1000 

927 

1000 

925 

Llskcar ai d Milton, ditto 


. 

1000 

818 

1000 

875 

Cat run ditto. No 3 - 


... 

1000 

1181 

1000 . 

1201 

Muirkiik, No 1 


... 

1000 

027 

1000 . 

823 

Mean 

- 

. 

1000 

1024 8 

1000 

1226 3 


l)i Thompsou'8 chemical cyammation of several samples of hot and cold blast iron 
IS uppiniUd to this nport According to tht experiments of this dihtmgu shed 
chemist non sincltcd by hot blast oontains a greater proportion of iron, and a smaller 
] lopoition of silicon, carbon, and aluminum than when smelted by cold air The 
ill nn spi eific (^ravity of 8 specimens of Scoteh cold blast non No 1 was 6 7034 , the 
mean of 5 specimeiib oi hut blast fioni the Carron and Clyde iron works was 7 0623, 
ho that the de nbity of cold blast iron is less than that of hot The mean of 6 analyses 
of cold blast iron No 1 g ive d j atoms of iron, 1 atom of carbon, silicon, and alumi- 
num the piopoition of tluse three constituents being very nearly 4 atoms of carbon, 
1 atom of bilKOii, and 1 itom of aluminum consequently Scotch cold blast iron consists 
of 20 atoms of non (with a little nianginibe), 4 atoms of cirbon, 1 atom of silicon, 
and 1 atom of aluminum The mean ot 5 analyses of hot blast iron No 1, gave 
at mis of non and manganese to 1 atom of carbon, silicon and alammum, from which 
it ifiould appeal th it east iron smelted with a heat blast is purer than when the blast 
18 eold ihib liowever, is not the case, as the numerous aualyses of both varieties 
tint have Uen mtde during the last few years conour in proving Hot blast grey 
iron feinelted with mineral coal contains a much higher percentage of silicon than the 
same vai lety of cast iron smelted from the game ores by ctdd blast , m othei respects, 
provided the pioccss of reduction is com pH i> e,% . e when little or no iron passes off with 
the shg flieii is very little ehemiqaljliffereiioe betereen the two varieties, as will be 
seen in the fillowing tible, which contains the results of a beries of analyses of hot 
and cold blast iron, which we hm lately had occasion to make, under cireumstanoeB 
peculiarly favourable for instituting the compaiison, the fumaees working wlthlhe 
some oreb, and making the same class of iron, vis good No 3 grey pig 


Analy9e$ rf CiSft Ifw No 3, melted by Hot Blast (Da Noab ) 


S 1 L >11 . ^ 

(jrai lute • * 

Sulphur 

Pi ospliorui - 

MtUll 

1 

11 

III 

IV 

V 

VI 

VII 

VIII 

Mean 

80)0 

0 040 
0J18 

Ic iron pc 

8 140 

3 100 
OOOO 
0488 

IT cent* • 

ddSO 

8 810 

0 079 
0208 

8 440 

8 108 

0 0(9 

0 294 

3 200 

8 340 

0 078 

0 428 

8190 

2 820 

{040 

8 180 
8840 

0 078 
0820 
-081 

9860 

8894 

0 064 
0874 

1 

8(00 

8 290 

0 067 
0879 


Analyses of Cast Iron No 3, smelted by Cold BlaeL (Da NoAB } 


• 

1 

11 

in 

IV 

V 

VI 

VII 

VIlT 

Mem 

Silicon - - 

(*raphUe • 

Stil|.liir- 
11 s)h)riis - 

Mctnll 

1 050 

2 170 

0 024 

0 810 

Ic Iron fn 

1 400 

9 184 
0*027 

0 814 

»r cent* - 

1 029 

8 870 

0 040 

0 887 

0-940 

8 140 

titicns 

0 301 

1 378 

8 43 
0(89 

0 878 

1486 

8 971 
0087 

0 872 

¥ 

0 849 

• 08HI 

1 400 
8197 
0014 
08M 

1968 

8 901 
0088 
ttw 


1 he it lie reason of the frequent inferiority of hot blast iron has been correctly 
by Mr Blackwell Furnaces blown with heated air eneit gmter ffcditotivc po™ 
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iban thoie in wbleb a cold blast is used. This hat led, since the introduction of hot 
blast, to the exteniiye use in iron smeltioff of reftnetory ores not formerly smelted, a 
large part of which have been ores of a class calenlated to prodnoe inftirior iron, and 
it is to the use of ores of this nature, far more than from an]|r dettriorMion in quality, 
arising from a heated blast, that this inferiority of hot Mast iron it to he ascribed. 

UttluatioH qf the icrit/s gtues given off Jrom Dir /sfwvrt The agent in the 

blast furnace by ohich the oxide of iron isrcdnctd, is carbonie oxide, the presener or 
which therefore in groat excess is indispensable ta the operation of tbe fitrnace. The 
flumes rising from the tunnel head, whioh make a blast furnace at nijglht such an im- 
posing object, are occasioned principally by the combustion of this ns, on coming into 
contact with the oxygt n of the atmosphere ; the attention of practical men was first 
called to the enormous waste ot heat which this useless fliiuie eoutled by Messrs, 
llunscn and Playfair, and the application of the gas to a useful purpose may be ranked 
next to that of the heated blast, as the most important of the recent iiM|irovemeuts in 
the iron manufacture. The giases evolved fi om Iron foi iiuces whert cool is ust'd as 
the fiu'I oontaiu the following constituents, via. nitrogen^ nmmmvi^ i.aihimic acid^ cuf 
/ttMu axfde^ light (urlmteiUd Agtlrogen, olejiunt (fits, earburetteii AytAvgen of unknown com- 
^wiUion, hgdragiH, iulphuretfed hydrogen, and aqutvue vtijwur. The nature of the 
i inibustible ( 1 ^ stands in a relation so intimate to the ehan«s sufFo ed b) the 
m.iten.ils put into the furnace, that its d flferent composition in tne various regions of 
tin tiirunce tndicatt* the changes suffered bvtlie materials introduced as they di scend 
in their way to the entrance of the bla«>t. Now as the examination o( this column of 
air in its various heights in the Airnace must be the key to the questions upon which 
tlie thi'ory and practice of the nianiifactnrc of non depend, it was of the first import- 
ance to subject It to a rigid examinatioii ; this accordingly has been done hy the above 
nanuHl eminent chemists, and buhsequently hy Kbelmen. We shall return to a considcr- 
ation of the results they obtained presently, confining our attention at present to the 
composition of the gases nt the mouth of the furnace, and to the methods which have 
iH^en adopted to utilise them 

111 order to arrive at a knowledge of the composition of these gases, M. Bunsen 
first studied minutely the phenomena which would ensue were the furnace filled with 
fuel only : by n cnrctul 4i*'tdlAti<>n of u known weight of coal, and analysing of the 
pioducts, he obtained results embodied in the subjoined table : — 


Carbon - 925 

Tar 

Water -----.--.7 509 
Light carburetted hydrogen - • - - - 7*021 

Carbonic oxido • - • • - - -1*135 

Carbonic acid -•*••..1 073 
Condensed hydrocarbon and olefiant gas - - 0*753 

Sulphuretted hydrogen 0*549 

Hydrogen 0*499 

Ammonia - 0*211 

Nitrogen ... ..... 0*035 


100000 

Now, in the fhrnace, the oxygen introduced by the blast is consumed in the im- 
mediate vicinity of the taydre, being there converted into carbonic oxide, and the coal 
loses all iu gaseous products of distillation much above the point at which its com- 
bustion commeneet» near in fact, the top of the furnace ; the fuel with which the 
blast oomes into contact ll therefore coke, and upon calculating the amount of car- 
bonic oxide produced by the combustion of 68*925 per cent, of carbon, and the 
nitrogen of the air expended in the combustion, we get as the composition by volume 
of the gases oseapiDg from a furnace filled with Gasforth coal the following: 


Nitrogm 62*428 

Carbonic oxide ....... 33*168 

LigMoarharetted hydrogen - - - . . 2*527 

Carnbtticaeid ....... 0*139 

Condensed hydrocarbon ..... o*l51 

Solphnretted hydrogen ...... 0*091 

Hjdrqgeo Uai 

Ammonia 0*070 


100*000 
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With thif preliminary information, Bunieo proceeded to calculate Uie modification 
of (liu guseous mixture oc'casioncd by the introduction into the furnace of iron oru 
and limestone. I'lie materials used for the production of 140 lbs. of pig-iron were : — 
420 ll>s. calcined iron ore ; 000 lbs. coal ; 170 lbs. limestone. From 100 parts of 
the coal, 67-228 parts of coke were obtained; but from this must be deducted 2*68 
Hbhes, and 1'18 carbon entering into combination with the iron ; which leaves as the 
quantity of carbon actually burnt into carbouic oxide before the tuyere 63 368 ; part 
of this carbonic oxide undergoes oxidation into carbonic acid at the expeusc of the 
oxygen in the oxide of iron which it reduces ; a further quantity of carbonic acid is 
dciived from the limestone ; so that the jpses returned to the mouth of the furnace by 
the combustion of the 67*228 parts of coke, the redaction of the corresponding 
qiiautity of ore, and the decomposition of limestone, consist of— 

Nitrogen - - 282*860 

Carbonic acid ------- 59*482 

Carbonic oxide ------- 121*906 


464*248 


Add to this the products of the distiltation 

of the coal, and 

we get the following as 

the per-oentage compositions by weight and 

measure of the 

gases issuing from the 

mouth of the furnace. 




By weight. 

By volume. 

Nitrogen - - - - 

- 59*559 - 

- 60*907 

Carbonic acid 

- 1276.'> - 

- 8*370 

Carbonic oxide - - - 

- 26*006 - 

- 26 846 

Light carburetted hydrogen 

- 1*397 - 

- 2*536 

Hydrogen - - - - 

- 0*078 - 

- 1*126 

('ondensed hydrocarbon 

• 0*108 - 

. 0*112 

Sulphuretted hydrogen 

- 0*053 - 

- 0*045 

Ammonia - - . • 

- 0054 • 

- 0*058 


100 000 

100 000 


The calculations of the quantity of heat capable of being realised in the furnace by 
the comhustion of the furnace gases are founded on the data on the heat of combustion 
given in the posthumous papers of Du^ong, according to which — 

1 kilogramme or 15,444 grains of 

Carbon burning to CO, heats 1 5,444 gntins of water to 1499^0 


“ CO* - - * - - - 7371° 

Carbonic oxide - - - - • • 2502° 

Hydrogen - • 34706° 

Light carburetted hydrogen ----- 13469° 

Olefiant gas------- - 12322° 

Sulphuretted hydrogen - - - - . 4476° 

Ammonia - -- -- -- - 6060° 


ITaing these nu^^ers it is found that by the eomhustion of 100 of the furnace gases 
there are genddhl from the 


59*559 nitrogen 0000 

12*765 carbonic acid OOOD 

26*006 carbonic oxide ------ 65067 

1*397 carburetted hydrogen ----- 18826 

0*078 hvdrogen ------- 2704 

0108 olefiant gas 1881 

0 853 sulphuretted hydrogen .... 286 

0*034 ammonia ------- 108 


868r4«- 

nnlts of heat the imif being understood to mesn the amount of heat neces- 

sary to raise 1 kilogramme *2*204 lbs.* 15444 grains of water from O^eenthpiM, to 
1° cent The Amount of heat realized in the frmace is limited to that prodacw by 
the expenditure of the oxygen, corresponding to 59*669DitiiDgcn la the prodwji®?^^ 
c»rbonio oxide j this amounts to 201001 units : hence follows the ressilduiMe oonewwa* 
that in the furnace which was the sabjject of experiment, not less tnili 81*84 per cent 
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of the fhpl IB loBt in the form of combuitible matter still flt fbr use, and that only 
18*46 per cent of the ahole fuel ib realised in carrying out the proMCses in the 
furnace 

'rhc tempernturc which should bt produced by the flame of the fltrnaoe giiCB when 
burnt with air, is found by dividing the units of vis 863 74 anting lljrom the 
combustion of 1 kilogramme of the gases b^ the mm her resulting when the quantity 
of the products of combustion is iiiuhtphed by their s|H«ciflo heat (1 6336 x 6il69b). 
W4 thus g<t the niiniki 308 , hut tins is below the truth, luasmuch ns there is an 
K ( c^8lnn of eoinbustiMc gases at the mouth df the fbi iiiu c arising fVotti the dceompo- 
bition < f the liquid piodiKta of the dihtilliKion of the oil tu its jpaasage over the red 
lint f u 1 Making profit i correction tot this, and using nuinbt ra d« i ivcd Irom actnal 
( X full incuts, Missrs Bunsen snd Pia^inir calcnlated tin temperaturo of the gases 
vlitn {generated under fivoorable condif tons at 33 F, and even this may bt in- 
(liHhed to 3633^ r., a ti mperatuic far aboce that it cast mm. by the using a blast 
biiflicietitl> heated 1 utilising these wistc gasis, caie most be takcu not to remove 
tl n ^Kiiii til film uc till tin \ rtall^ are umte, that i until tUc) base done their 
' 1 1 III tin ill lint It IS obvious that no comhustibU matter could bi runoved from 
tl Novi I n frions of the furnac« without scnousl^ dciani ing the opt i aliens csstntial 
t tih rcdnction and siiuhing of the ore In oidti to remove the gasib clfectually, 
u) d Mitliout iniiiiy to th< working of the funiucc, nnd in such a stale us will perinit 
tlicM I inlmstiou to k iireoUd uitli mobt ulvatiiage, tin height oi the fumace must 
k 1 list d the Aill width ot tin niomb bung retaiiud, and the gases must be withdrawn 
biiftn uiitly inr below the moutii tor tin in to be obtained dry, and albo beneath the 
|H lilt where they begin to cuter into eonibustiou from contact with the atmospheTio 
ail. 



Various modes of eollecting the gases have been tried f the best seems to he that 
adopted at Ebbnr Vale, Sirhowy, and Gwm Celyn. A funnel-shaped casting, equal in 
Its largest ^meter to the throat of the fnmace, prefects into the interior a depth of 
4 or 6 feet; the orifice at the bottom, firom 3 to 6 feet in diameter, is dosed by aconieal 
casting, the apex upwards, fivm vfaich a chain proceeds to a lever having a counter- 
poise at the other end. (See 1 000.) The materials ate filled into the fiinneUhap^ 
receptacle, end are diar^ into the fiimaee with a uniform distribution, by lowering 
the cone by means of sitiuhle madimery, whidi again retnms it to its p l n ty whm 
emptied. The circular space aionnd the fiunel, inme the fiunacc, fims g ehimber 
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Ibr the niception of the gnsei, fh>m which they are conveyed by brick tuuneli or iron 
piping to the place of combustion. The whole arrangement wUl be clearly undent^ 



by an inspectlojLpf the aocompanying plans. Figs, 100&, 1006, 1007, 1008, 1009, kindly 
furnished to tlfl^nter by the proprietor of the Cwm Celyn and Blaina Iron Works. 

Fig. 1007 shows the plan of extracting the gases which is adopted at the Brymbo 
Iron Works, near Wrexham, the same ^ing the patent of C. E. Darby. 

It consists of a large pipe or tube inserted into the middle of the top part of the 
furnace, which descends a short distance down into the materials, and is carried oyer 
the top of the side of the furnace in the form of a syphon, a continuation of which 
pipe is taken to the boilers, or hot air stoves, where &e ms is burned in the usual 
way. The principal advantage claimed by this method, u that it puts no check on 
the free escape of the gases, by which the driving of the furnace is impeded, and the 
quality of the iron deteriorated. The patentee estimates the saving of .fhel with two 
furnaces making 340 tons of iron per week, ^ applying the gas to the blast eugine 
boilers and hot air stoves, at ISOOl. a vear. Thus : — Consumption of Ibel at engme 
and stoves equal to 7 ewts. of good coal per ton of iron, made at per ewt , is Ss. 0|4» 
say 2«. per too on 12,480 tons,' or 1848/. 

The causes of derangement in the working of blast fhmaees when the 

off to be utilised elsewhere, have been diligently studied by Mr. George FanTf 
of Ebbw Vale ; and he ^s kindly famished ns with the following resnml fiPkii 
servations, for insertion in this article. ' 





IRON. 


7ia 

The mmner in wliich iIm waste (taaes were funnerly eoUeeted, was slnkinfr an 
iron tube, 7 feet deep, into the throut of the fhmaee, thadunaeter eftha tnhe being 
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I or { only of the gn escaped into the open nir, the rest passing into the annnlar 
chamber , and when this state of things was continued, tboM troublesome adhesions 
ofroasstsof semifbsed materials aboTO and around ^e boshes, technically termed 
** scdflolds," occurred, with the usual accomp'iniments of black cinder and inferior 
iron It 18 evident that when the tube was kept full of minerals, the contents acted as 
a loose stopper to the curient of hot gases forced up by pressure from beneath, and 
flivirtcd them towards the annular space where there was no such resistance , thus 
leaving the minerals in the central parts of the furnace insufficiently supplied with the 
u|)ward current, and consequently with heat, the minerals, on the other baud, sur 
rounding this cold central cone, were supplied with more than their usual quantity of 
heat, as was e\ idenced by the burning of tuyilrcs, and by the destruction of the 
buck work in their neighbourhood In this state of things, the ores in the external 

poitious of the furnace would become riducid and converted into grey metal , while 
those in the central portion would, according to the degree of deviation of the 
ascending current of heated gases from them, descend to the point of fusion cither 
thoroughly deoxidised, and slightly carlioniscd, or possibly with a portion still in tin 
State ot oxide, and mixing theie with the properly reduced oics, enter into fusion witli 
them, producing a mixture of irons which must necessarily prove of inferior quality, 
and a block cinder from tlie unreduced oxides When the iron tube in the throat of 
tlie furndce was kept only partially filled with minerals, much more gas escaped into 
the open air, as might ha\e been expected, and consequently more traversed the 
central parts ot the furnace , and it was always observed that when that mode of filling 
was adopted, the furnace worked much better but then the obj*ct, viz that of eco 
noniising tlie gases, was not attained Differently formed fuinoees were found tei bo 
disturbed in different degrees bj this system of drawing off the gases. Uic old conical 
namw topped furnaces were affected vet y much less than the improved modem 
domed top furnace of large capacity, from which all attempts to take off any useful 
portion of the gases proved absolute rum It might be argued, that as the same 
quantity of blast and fuel were used as heretofore, the ascending cnirent ot healed 
gases ought to pioduce the same deoxidising and carbonising effect on the superiu* 
eumhent mass, whatever direction thej might take in making their escape at the 
upper region of the furnace , for if the ccntial port should not We been sufficiently 
acted upon, the external annulus would have more than its usual shaie of chemical 
influences But when it is considered that non is only capable of taking up a certain 
quantity of carbon, and no more, it follows that aftei having leccived this dose, its 
further exposure in the external pai ts of the furnace where the heated raes abound 
can do nothing towards suppl}ing the deficiency of carbon in the meti3 reduced in 
the central part From these considerations it becime evident, that no system of 
drawing off the gases around the sides, whether by the insertion of an iron tube into 
the throat, or by lateral opinmgs through the walls into a chamber surrounding the 
top of the furnace, can be adopted without more oi less in]ury to its action , and that 
the only unobjectionable mode would be to take the gases from a chamber above the 
BUI face of the minerals, thus equalising Uie pressure on the whole sectional area of 
the mouth and thereby allowing an equally flow for the ascending current up 
the middle, as well as up the sides of the furnace. By this method the whole of the 
waste gases would liecome utilised, instead of a portion only, and the furnace would 
be restored to its oiiginal state, luasiruchas the direction of the flow of heated gases 
would not bo interfered with by unequal resistance. To form this chamber, the fur- 
nace must be c^red m, and fed through a hopper, a plan long adopted at the Godner 
Park Iron with the supposed advantage of scattering the minerals around the 

sides of the fhmaee, and preventing their accumulating m ^e centre ; a conical charger 
of this descnption, but fixed in £e throat of the blast furnace, was m use at the 
Cyfartha Works more than half a century ago, the minerals being thrown by 
baskets to the centre of the cone, and allowed to roll down to the sides of the flirnaee, 
thus giving a cup form to the surface of the minerals, the larger lumps of course 
rolling to the centre, and affording a fireer passage m that direction for the upward 
current .It wjl not, however, until January, 1851, that a trial was made, at the 
Ebbw Vale Works, of an apparatus of this descnption for collecting the gases. B 
was then supplied to one of the old forms of eoni^ fhmaoe with a narrow top^ and 
the trial proved eminently snccessflil, the furnace producing any quantity of iron re- 
quired according to the burden, as usual Several other fumaoei were ninUatl^ fa^ 
nished m and around the neighbourhood, and it was now thought that the pnnmple w 
taking off the pses from a chamber above the surface of the minerals, together «iu| 
the coQical mode of charging, were the only indispensable conditions to sne e^ j M* 
furnaces , and some even whioh were originally bnilt too narrow wt tha maht hr 
aetoall j improved by the new method of oharging, wbkh did no* attosr hi W 
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faeoi of the mineralt riiiog higher than about 6 ftat Irom tlit top i tbio fifing to iht 
furnace a diuiiDisbed height, and as a conaeqitenre of iti eooieal ihape a vider 
month Fuither experience, bowivir, demonatiated the falkoj of thia general eon- 
cluiion 

A large domed furnace woe Aimi^ed with the eamt kind of charging apmratoa 
which proved eo Bucctssful in former loetanoea, but to the Mtooiehment of all it 
turntd out a comph ( > failare, the <ianii demagemeittf ocenmog m the former 
coi^eM, where a portion of the gaaen onl> waa eoUected, Iv amiuiig a lube into tlie 
tlimit Now this furnace eoald not ht tilled to within or 7 feot of the Uipi and at 
th It depth th diumtor was 19 tt b in owing to the sharp sweep of ihi dome ; the 
actual working iumaie Was thert f * teet high, insUoit ot^ 44 feet, with i mouth 
M ft b in , instead of 8 ii> i and as the minemv cannot Ue in oloee againaf the 
smooth sides of the walls M th^j do locked m each other m iha more central region 
ol thf futnnee, a much freer discharge of the gases up the sides must take place , aud 
on toimg a h )e tlirougli the side of the furnace, in the neighbour U cmhI of the boshes, 

It w b lound th I S feet in, the coko and other mini raU were ut a white heat, but a 
hrtii till fit r on towards the centre, lumps of black blatmg coal were found, with 
it« iistoiic w bich had not even attained a red heat The charging apparatus was now 
1 used Willi the Airnace 5 feet, and the nimeials drawn up an inclined plane to the 
( h cup, thus itiabling it to be kept full to within a short distance of the old 
mouth, after which the furnac e worked as usual Xhat diminished height was 
the cause of the had working of the furn ice was afterwards proved, the furnace having 
1 1 f n blown out for repaiiR, and re -lined with brickwork, giving it that form and pro- 
poition deemed ncccbsaM from the experience gained; the height being now only 
t)7 flit instead of 44 and the diameter of the mouth 7^6 In., or one half of that at 
the boshes The s iioe charging apparatua which failed before, mounted 6 feet above 
the mouth, was used, and the ^maoe hai now been woiking uninterruptedly Air ft 
}«ars, turning out as much as 160 tons of grey pig iron per week, or when burdened 
for white iron, 200 tons , economising the whole of its gas, and u much under the 
control of the manager as any furnace, either closed top or open top, can reasonably he 
c xpec tid to be It is cleai , therefore, that the covering of the top has nothing wbatev er 
to do with the action of a furnace kept full to the mouth, and having the proper form 
4Uid proportions from that point downwards. The mouth must be understood to be 
tint part of the furnace which represents the mean height of the surface of the 
mini rals, and not the top of the masonry, and the question arises, wh it proportion 
sh )uld that bear in diameter to the boshes or widest pait, and what the latter should 
be with reference to height in order to secure a maximum economical efiect on the 
qualit} of the iron made, and on the yield of fuel 1 his state of perfection can exist 
onl) when the Mothftmal lines in the furnace arc parallel to the borison The tem- 
pi lature of the minerals at anv given height above the tuydrea being the same thiough 
the whole horizontal aectionfu area at that height, and conseaucntly arriving at the 
z >nc of fusion m an equally prepared state. If the mouth of toe fnrnace be too wide, 
thoheatid gaaca have a gi eater ti iideuey to pass up the aides than through the centre, 
thus destroying the horuoutnlit^ i f the Imea of equal tempei stare, and giving them 
a curved form witk <ke convex side downwards , hence ores at different temperatures, 
and of various stages of preparation, will occupy any mven horisontal sectional area 
of the furnace; these descending together aud mixing in the sone of fusion, will pro- 
duce evils in proportion to the extent of the deflection of the curves from a horisontal 
line On the contrary, if the mouth of the furnace be too narrow m proportion to 
the other parts, we may expect an undue portion of the gases to pan up the centre, 
leaving the minerals around the aides comparatively unacted upon. It is easy to see 
that evils of the same kind as before must exist here, the isothermal lioca becking 
now ctmcaie downwards, instead of emvex, giving aa before, through any horisontal 
section of the ftimaoe, ores at varioua temperatorea, and at different degrees of deoiti- 
dation or carburation, according to the depth which they may have attained in the 
flimace. There arc several inatances of fumacea originally built with too nnrroir 
tops, being greatly improved by widening them ; this may convenienfly be done 
fe^Dg them throunh a con cal diarger, which by loweriugthesurfkoem thctoiiMliiw 
mrtuaUjf increases the width of the month ; on the other band, fumaoea having the 
tmposite defect of being too wide at the top^ may he benefltted to seme extent, proviM 
the walla are neaily perpendicular, or do not widea too rapidly downwards, by eaa* 
ploying aa large a cone aa it it poaaible to work in the throat ; for by the use of thli 
foeder, the minerala muat fUl eloae to the sides, and the larger lumps roll to dm axia 
of the furnace, and so fecilitate the peasage of the gaaei in that direedoo, hetidca 
giving to the eorfece a concave or enp form, and consequently ndimhiiehed hekht 
and reeietanoe to the upward enrrait m the middle. Thia piMpla of isD^mring tbt 
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dharging of inch defbctive fnmaoeg it even carried out to some extent in feeding open 
top fumacet where the gates are watted. The charging plate is so placed as to 
prevent the nose of the barrow firom projecting any distance into the furnace j the 
minerals being thus discharged close to the ed^, the larger lumps have a tendency to 
roll orer towards the centre, leaving the smaller at the ring walls, to check the up- 
ward current in that direction. 

The above considerations will materially assist in fhrnishing an answer to the oft 
repeated and very important question, *‘T^at form and proportions should a blast 
furnace have to produce the best results in quality of iron, and in economy of fuel, 
whether worked on the open top principle, or enclosed ibr the purpose of utUising the 
waste gases?” Experience has proved that when the month of the furnace is one 
half the diameter of the widest part, good work is obtained, and that any devia- 
tion ft'om that proprortion, if in excess, has been productive of great derangement 
in its action. The height of the furnace should also bear a certain proportion 
to the greatest diameter, in order to secure an uniform flow of the ascending current 
through all its parts ; for if the widest part bear too great a relation to the height, 
the boshes must necessarily be of a low angle, and consequently the minerals 
around the sides near their top be at too great a distance out of the direct line of pas- 
sage of the ascending current, and consequently remain only partially prepared for 
fusion. 



The proportions recommended by Mr. Parry, and which have been practicallv 
tested most satisfactorily in several instances, are as shown in fig, 1011. The mouth 
b* b* one half the diameter of the widest part c c, and this should 1011 

not be at a less depth than its own diameter. The sides of ^ ^ 

the furnace to this depth should be formed slightly dome- 
fashioned, for the purpose of giving to that region a larger 
capacity than would be obtained by a conical form. The 
radius of the enrve should he at right angles to the axis of 
the furnace, and formed by a pmlongation of the line repre- 
senting the greatest diameter. WhenM^the radius is set at a 
great angle with this line, which is often done to give gr ater 
capacity to the domed part, the distortion produced by the 
sharpness of the curve may leave a segment of the minerals | 
unacted upon by the gases in their iMissage to the mouth, and 
entail greater evils than would be oempensated for hy incre sed ^ 
capacity. The curve is oontinued below the widest part of 
the furnace till it meets the top of the boshes d d, the angle 
of which should not be less than 70^, and start flrom the 
point of Ihe tnydres //. The depth also from the widest 
part to the tuyeres should not be less than its own diameter 
plus half the diameter of the tuytircs. These proportions give 
a blast furnace, of any determinate height fixed upon, the 
largest possible capacity it is capable of receiving, while re- 
malniug flree flrom any distortion of form, likely to give a place for minerals to 
lie out of the way of the action of the upward gaseous current t when the height 
exceeds the proportion to its greatest diameter indicated in the flgure, an unnecessary 
saeriflee in its capacity is the only loss entailed. The height above the mouth must 
be regulated by the kind of hopper used fbr charging, where it is intended to carry off 
the gases. 

Donbtless iHbn the true principle of collecting these gases without iqjury to the 
blast furnace becomes more generally known, attention will be directed to the 
easiest and most convenient m^e of introducing ihe minerals. The conical charger 
, has only one disadvantage, that namely of allowing a great waste of gas during the 
charging ; probably some kind of revolving hopper may be contrived to remedy thu 
defect. It 18 of coarse assumed that the furnace is supplied with a proper quantity cf 
blast, and of a density proportionable to the diameter across the tuyeres, so as to 
maintain -a vigorous combustion of the fhel to the very centre of the hearth, the top 
of which is indicated by the letters e e, for unless this is attained,^ a cold cone m 
minerals will remain in the centrei imd produce derangements which no degree of 
perfection in the form of the flimaoe in the higher region can remove. 

Thmry of the hlastfiimace. *— Analyses of & gases from a fomaee at Alfostm m 
Derbyshire, at varions depths below the snrfhce, gave to Meisra. Bnnsmaiid 
the results embodied in the* snljoined table. Ike foiwace waa 
charges in the course of 94 hours, each charge consisting of 890 Ihs. of eoilf 
of calcined ironstone^ and 170 lbs. limestone, the prodWGt being 140 lbs. of M 
The gases were colleeted through a system of tubes of malleable ll»w *• 
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diameter, and were reeeWed in glaaatubea 4 incAiea lonf, and f ofanlBeh indiametor. 
The well known akill of M. Bunacn as a gaa analyat U a gomatee of tile aeouraejr 
of the determinationi. 

Compoiition of tAe QoiU taken J tom Afferent depthe ik tke fWiWM. 




«• 

II. 

III 

IV 

V. 

VI. 



B 



5ft 

ift 

11 ft 

14 ft. 

17 ft 

SfOlt, 



jSHji 

Nitrogra 


55 35 

M7T 

52 57 

M)>5 

55 40 

r 46 

a 

56 7' 


r-irhimlr add 

a 

7*77 

042 

<141 

9*10 

12 42 


K 10 

KTOft 

00- 

( arlMinic oaida 

• 

Sb97 

KhSi 

id 

fOM 

iK*77 

19 49 

29*97 

20 19 

97*41 

1 ight (arliurattad 7 , 

1*75 

S3J 

4 57 

6*(i4 

4•Sl 

4 40 

M4 

993 

QrO) 

lb ilroftHi 

an 

6*49 

<)3'l 

12 42 

7 62 

459 

102 

565 

3 16 

Ol( tiAIlt g IM . 

• 

041 

0 55 

0<l» 

1*57 

1 JH 1 


0 00 

0 (H) 

0(K) 

i 1 1 ( n 

■ 

000 

0(H) 

0(M) 

Ooo 

0 00 

1 

0 0 

tru .0 

trail 

I4i 


Fiom thf BO analyBOB it appeara : — 

I That at a depth of 04 feet from the top, within 2 feet 9 inches of the tnydre, the 
gafcWtiB entirely iu'c fiom carlnmic acul, but coutainedan appreciable quautit} sf 
i > imofi4 n 

2. That the nitrogen is at a minimum at 14 feet 

3 That carburetted hvdrugeu U found ao low as S4 feet, indicating that at that 
depth, coal must be andcrgoing the process of coking* 

4. That h^drogc n and olefiant gases are at a maximum at 14 fret 
r> That the pniportions between the carbonic acid and carbonic oxide are irre- 
gular, ahicli is probably to bo explained by the fact that water is decomposed as its 
va|iour pabses through the layers of hot coaL 
The average composition of the gases erolred flrom the materials used in the blai| 
furnace is somewhere between the two following numbers:^ 


Nitrogen - • . 

Carbonic acid 
Carlmnie oxide 
Light carburetted hydrogen 
Hydirogen - • - 

Olefiant gas - - • 

Sulphuretted hydrogen • 
Axnmonia ... 



60 907 


• 

67*878 


B'S7U 


. 

9*823 


26*646 


. 

24*042 


2*636 


- 

2*743 


1*126 


. 

4*972 


0*112 


- 

0*392 


0*045 

. 

. 

0*035 


0*058 

- 

- 

0*115 


100*000 



100*000 


The proportion of nitrogen to oxygen as an average deduced fh>m these analyses 
is 79 *S to 27. The product of the combustion of coal gives the same proportion! as 
those existing in atmospheric air, vis. 79*2 : 20*08. The excess of oxygen must 
therefore depend upon the carbonic acid of the limestone, and the oxygen of the ore 
given to carbon during the process of reduction. Now, as at a depth of 24 feet the 
gas coilectt^ contained 27*6 and 26 5 oxygen to 79*2 nitrogen, it is held that at this 
depth the gas most already have aocumulated all the oxygen of the ore» and the car- 
bonic acid of the limestone; and the conclusion is drawn that in hot blaat furnaces fed 
with coal, the redaction of the iron and the expulsion of the carbmio acid ftom the 
limestone takes place in the boshes of the Aimace. The exact region of the fhmaoe 
in which the melting of the iron and the formation of alag are efleeted Is not esaedv 
defined, hot it is assumed that the point of fhoion ia at tmt top of hearth. The 
region of redoetion in a fhrnace emelting with eoal must be mneb lower than when the 
fiicl is ooke or oharooel, because a large portion of the body of the farnaoe moat he 
taken up in the {process of coking, and the temperatars is thereby ao depmsed, tbit 
h if saffieieot neither for the redaction of the ore, nor for the expnlskm of earhonie 
acid from the lipieetooc. 

The mean jjieneral results obtained bj 11 Ebelmen from a charcoal fhmaec at 
Clerval are given below* The methods of analysis adopted by thie^hemiit Wero 
alto^her difihront from thoee employed by Ifeasrs. Bmiien and Play&ir. For 
details we refer to his menufir in the Annalet deeMina^ vol. xix. p. 89, 186U 
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Ko of ROAlf til 

I. 

II 

111 

IV 

m 

VI 

\II 

Depth Iwlow mouth 



Oft 9fn 

Oft OIn. 

19 ft 6 In 

19 ft 6ln 

27 ft 

Ijrap. 

e srbonie acid - 
Car boil It ox Ido 
Hydrosen 
Carburetted hjdro 

vltrogen 

19 01 

24 
ft 19 

0 03 
ft7 Ji 

11 9ft 
ii Hft 

4 31 

1*33 

ftMAS 

4 14 

81 ftO 
804 

0 34 

60 92 

4 91 

31 14 

2 77 

0 77 

60 80 

106 

«86 

eto4 

0*07 

3ft 47 

1 09 

0 81 

63 06 

000 

37 ftft 

1 13 

0 10 
6132 

0 91 
3»m» 

0 70 

0 2ft 

M 17 

1 otoli 

100 00 

100 00 

100 00 

100 00 

109*00 

10000 

100-00 

100 00 

Ox) gtn, per 100 ni- 
tmg( n - 

42 ft 

40 B 

82 7 

39 7 

D 

98 2 

807 

3ft 8 

Carbon vapour per 
100 nitrogen - 

32 8 

817 

296 

206 

285 

28 ft 

307 

36 9 


I Gob tnken a short time after the introduction of the charge II the same 
tiiken a quarter nf an hour after charging. Ill gas collected through a cist non 
tube tour inches in diameter , it rushed out with a noise and gave a sheet of flame, 
carrying with it pat tides of charcoal and dust IV gas collected by boring the 
masonry, it rushed out violently, bammg with a blue coloured flame V the 
same taken an hour after \ 1 gas collected hy boring the masonry at the back of 
the fuinico almut 3^ feet above the tuydre, it burnt with a white flame, giving off 
fumis of oxide of zinc; it was collected through porcelain tubes VII gas collected 
through gun barrels lined with porcelain, it was evohed with sufiicicnt force to 
project sooriSB and oven cast iron. 

'riic furnace was working with cold blast under a pressure of 44 inch of mcrcuiy. 
The c haiges had the following composition Charcoal, 253 lbs , minerals (various), 
307 Ibh , limestone, 254 lbs ThiUj^two charges were driven in twenty-four hours ; 
the furnace was stopped after cveiv twenty ehiuges , the produce being 8970 lbs. of 
black east-iron , the daily vield bmg aibout 0175 Ihs 

The experiments show that while the carbonic acid progressively diminishes down- 
wards, the carbonic oxide progiessively increases, the former altogether disappeaiing 
at a ^pth of 27 feet On examining the numbers representing the oxygen and 
cat bon refened to 100 nitiogen, it iS seen that they dimmish progressiyely to a depth 
of 19 feet, the oxygen combined varying ftrom 42 5 to 28 2 The proportion of 
carbon m the same /one uses from 28 5 to 32 8 , a leiult brought about as much by 
the carbonic acid disengaged ftrom the minerals as from the g iscous produ6ts of the 
distillation of the charcoal It is seen that the reduction of the mineral is already 
considerably advanced at the depth of 19) feet , and this, so to speak, without any 
consumption of charcoal, but through the conversion of carbonic acid into carbonic 
oxide The hydrogen decreases as the carbonic oxide increases ; showing that this 
gas exercises no influence in the reduction of the ore 

1'he results obtained by M Ebelmen from a coke furnace at Seraing were as 
under ; — 


No of experiment • 


I. 

11 

III 

IV. 

V. 

v.| 

1 1 V| th 

1 ft 

1 ft. 

4 ft. 

Oft. 

10 ft 

10 ft 

18 ft 

mil 

C irb mif. nrid - 


11 89 

11*39 

986 

1 64 

1 OB 

1 13 

010 

000 

t’-iri onic oxlde^ • 


28 61 

28 93 

88 06 

8188 

818 

35*36 

36 80 

45 05 

H>diogtn . • • 

_ 

J7I 

304 

0*97 

069 

178 

808 

8 01 

0 2ft 

f arburetted h) drogen - 

. 


• . 

1 4S 

1 48 

033 

0*^ 

0 8ft 

007 

Nitiogen - ^ - 

- 

67 06 

66 04 

60 64 

68 46 

61 67 

61 15 

61 14 

54 63 

lotili ... 

- 

100 00 

100 00 

100 00 

10000 


KK)*00 

lOjOOO 

100 00 

Oxygen, pel 100 nitrogen 

- 

410 

46*6 

400 

306 


306 

s 

41*9 

Carbon vapour, per 100 nitrogen 

803 

357 

330 

89 4 

896 

30*0 

m 

413 


I. Qaa obtained by plunging an iron tube, three centimetrea in diamateji about 
one foot into the furnace : IL the same i the gas burnt apontaneonaly i ZV« two 
consecutive analyses of the same gas : Y. the gas was eolieeCed by an ivon ’ 
VI gas eolicoted by piercing the masonry two feet above the tnybreai the 
accompanied by ftimes of cyanide of potassium* but no cyanogen eoqild be dCthohad* 
The ftimaee wai 50 fbet high ; the air was anppHed mrongh two inybrM» apin WM 
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hMtedto2lS«{ \twu driven it the fiteof 26«840ffilh»M per mlinite tader n pmure 
of *5 of mereniy. The ehargee were composed of, unroiited minewilli 1484 lbs. ; 
fytge cinders, 1434 Ihi.) limestone, 943 lbs*) eoke, irbnlhl. The melal wia mn 
every twelve hours, and 17,300 lbs of white ^stalliae oast^OMi ohtainedi which was 
run on thin plates and taken directl} to the puddhng-ftunwee. The yUd of the 
mineral was 42 per cent, aid the consumption of coke 1000 per 1000 of cast-iron, 
rising from 1800 to 9000 per 1000 of iion when the fnniace wii working fbr fiHiadrf 
iron. 

The analjsss show a rapid diminunoo of carbonic and, and indicate that in the 
upp<‘r regions of the fhrnaee an energetic rednoUon of me takes place by the onlde 
of carbon under tbe inOnenoc of tbc high tamperaiurt of tlic ascending gases. 
Between one and nine feet the Umei lone la ealeine^ Tbt redtwtion of the ore takes 
place at this region by the conversioL of carbonic oalde into earhonio acid, without 
change of volume and without consumpuon of carbon. The mereaae in the hydrogen 
IS tou small to induce a supposition that aqueous vapour i{(Cotn| osing can dissolve 
nM nol.iMi quATilitv of carbon. The gases coUectod .\i n depth ol about 12 feet 
r pts4 lit nhnij, (he int m composition of the gaseous aiiatme, tnim that point to a 
(hpMi of 4) ftet, two-ihirds of the total height of the futnacc, the gases do not 
M usihly V iry, and are composed almost cnfireiy of oarlionio oxide and nitnigen. At 
J i feet (h( 0x3 gen is to the nitrogen as 29 9 to 100 ' m atmospheric air it is as 26*8 
to loo 'I'lie dinm n m , < 1. re]>t( st utb the oxygefi arising from the redaction of ipe 
siluales of iron constilutiiiff the foigc iiiideis, which thus is seen to take ph .e 
hitween the tuyete miUadiiithol 12 1(Ct These silicates aie well known to he 
(It. ( omposeil with dilhcult>, hut they ate reduced at the high temperature prevailing 
in that /one of the furnac r uud their reduction gives rise to a corresponding quantity 
of carhuiiic oxide, to a consumption of friel, and to a considerable abmrption of latent 
luflt 'J he other minerals aie reduced higher up in the fumoce, and this is common 
to all coke frimaces, being due to the high temperature of the ascending gases, a 
u mperature much higher than exists m miarcoal fumaees, a far larger quantity of 
combustible being consumed. Hence it is that forge cinders can be successfrilly used 
in coke furnaces; while 111 charcoal furnaces the introduction of small quantities 
only alters the woiking of the furnace, makes the iron whUe, and corrodes rapidly 
the w ills of the furnace in consequence of the imperfect reduction. 

From his eudiometi ic experiments on the gases from coke and charcoal frimaces, 
Ebeldien deduces the following conclusions.— 

1. That the amount of carburetted hydrogen is too small to exercise any influence 
over the chemical phenomena of the furnace 

2. That the atmospheric air thrown into the furnace by the tuyere produoes suc- 
cessively carbonic acid and carbonic oxide, at a small distance from the opening. 
The first of these reactions gives rise to an exceedingly high temperature ; the second, 
on the coutrary, causes a great absorption of latent neat, and a corresponding lower- 
ing of the temperature of the gaseous current The limits of the rone offimm bears 
relation to tbe space m which the transformation of carbonic acid into oarbooio oxide 
takes place. 

3. That the ascending current Lonsisting of carbonic oxide and nitrogen, with a 
little hydrogen, produces in ascending two dbtinct effects: it communicates one 
part of Its sensible heat to the materials of the descending column 1 it becomes barged 
with all the volatile products disengaged at different heights, and it reduces tbe oxido 
of iron to the metallic state. Sometimes this transformation gives rise to an 

in the quantity of carbonic oxide j sometimes, on tbe contrary, it effects the conversion 
of carbonic oxide into carbonic acid without change of volnme, and witbont com- 
bustion of friel. Whenever the reduction of oxi£ of iron takes place with tbe 
production of earhonio oxido, there is a consumption of frel, and an absorptioQ of 
latent heat It is essential, therefore, to the good working of the frwnaoe, that the 
minerals should arrive completely reduced to that part whm tlie temperature is Mff- 
ficiently elevated frir tbe eonveriion of carbonic acid into carbonic oxide by contact 
with carbon ; this condition is nearly always realised when the oxide of iron is in a 
frree state in the mineral. , The reduction of the oxide when in oombbatk« with 
silica reqnires, on the other hand, a high temperature, and it ean only take place in 
that cone of tbe frumaee where the earmic aeid has completely disappeared. 

4. That the cone where carbonic oxide cxista ahwe is much moee ewteoded fai eiAe 
than in charcoal frimaces, and is nearer the month in the fbtmer tlm n hi the latter t 
it falls lower, however, in the cylinder with hot blast, the quantity of heat nmaUw 
the same; 

fl. That the volatile gaseoni matters frrom the disttllatM» of the ehafboal pan into 
tbe escape gases, and exert no inflnenee on the reduotioii of the 

like mutnal relation of the carbonic acid and oarbonie ogiide, which is nbteriibli 
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in the analyses of Ebelmen, is not found in those <if Bunsen and Playfair, this is at« 
tnbuttd by J.b^men to the circumstance that the latter chemists collected their gases 
thiough narrow iron tribes, which, becoming inteniely heated and partially choked 
by the fragments of oro and fuel introduced by the rapid stream of gas, so modided 
the composition of the gases, that the analysis, however carefully conducted, could not 
leprcstnt accurately their real com|)osition ] bclmen collected his gases thnugh 
wide tubes, and tiom the lower parts of the furnace, by piercing the solid masonry 
It 18 obvious, however that none but veiy general conclusions can be diawn irom the 
analysis of the furnace gtses, in whatever way they may be collected, for their com 
]>o8ition cannot be the same undei all ciicurastanccs, the nature of the fuel, tht pres- 
sure of the blast, and (as Mi Parry's experiments prove) the shape of the furnace 
itself, must each exert an influence in modifying the circumstances which affect their 
composition Although therefore, it is impossible to fix the precise legion of the furnace 
where the reduction of the oxide of iron begins to take place, that is, to define pre 
ciscly the limits of the “zone of reduction,' we may m eemsidcring the theory of the 
prexmctioD of crude non divide the furnnec into lour rones 1 Ihe zone of reduc- 
tion, 2 The zone of eulmration, 3 Ihe zone of fusion 4 1 he zone of oxidation 
Ihe zone of reduction will vaiy in extent according as the furnace is woiking with 
coal or With coke , with hot blast oi with cold ihe zone of caiburatiun commences 
just below the top of the bosses, the reduced metal in a soft and malleable state here 
icquires carbon, its i tpid sinking being letirded by the contraction which the sides 
of the furnace begins to undei go from this point downwards As the carbonised 
meflfl pibses through the zone of fusion it melts, together with the earthy matteis 
which serve to protect it fiom the oxidising efieets of the fouith rone, that of oxida 
tion, through which it passes in its passage to the crucible It the temperature of 
the zones of fhsion and oxidation be not much higher than the melting point of spe- 
cular iron, the metal in the ciueible will be white, with little or no graphite, and if 
the iron remain suflicicntly long in the zone of carbumtion to take up the maximum 
quantity of caibon, it will bo blight iron The reduction of silicon appears to take 
place at about the melting temperatuM of specular iron it exists therefore in small 
quantity in white iron, and in gieatcst abundance m the grey iron smelted from re 
fractoiy oics, which lequlre h high temperature 

The proportion of ciibonic acid in the gases obtained from different heights in a 
furnace, has been studied by MM £ Monrehore Levi and Dr Emil Schmidt CJZett 
achrtft dea usien Inyemeurieutnea 1852) Ihey found that the zone from which this 
gas 18 entirely absent is of vciy limited extent, for although it is not met with at a 
height of 8 feet from the tuydre, it exists at 9 feet to the extent of 4 78 per cent , 
above which point it diminishes up to 15 feet, wheie it is 0 From this point it 
again increases, amounting at a beigU of 3U feet to d 5 per cent It then gradually 
diminishes, until, at a point from 37 to 39 feet above the tuyere, it amounts to only 
I 69 or 1 91 per cent , after which it goes on increasing with rapidity and regularity 
up to the furnace mouth The carbonic acid existing m the furnace gases between 
1 5 and 30 feet is referred by these chemists to the decomposition of the limestone used 
as a flux , and its gradual diminution above this point indicates a icaotion of consi- 
derable importBDoe, that namely of the carbonic acid upon the ignited coke carbon 
being taken up and carbonic oxide formed Now, the quantity of carbon taken np by 
276 parts of carbonic acid to convert it into carbonic oxide, amounts to 76 parts, and as 
in the furnace expei imented with, 20,000 kilogrammes of limestone, contammg about 
8000 kilogiammea of carbonic acid were consumed every 24 houis, a loss of fhel 
equivalent to^TWkilogranimes of carbon was daily occasioned by the conversion of 
this carbonidfiid into carbonic oxide, and this may be considered equivalent to 2500 
kilogrammes of coke with 11 per cent of ash. The beat absorbed by the conversion 
of the carbonic acid of the limestone into a gaseous state is found by calculgtion, 
taking tbc specific heat of carbonic acid at 0 22, and the heating power of coke at 
bOOO, to be equivalent to that developed by the combustion of 822 kilogrammes of^ 
coke Now it was demonstrated by Dulong that the Quantity of heat disengaged in 
the conversion of caibon into carbonic oxide is much Uaa than that disengaged in the 
conversibn of carbonic oxide into carbonic acid, although the same quantity of 
IS required m both oases The oonyersion of carbonic acid into carbonio 
passing over ignited carbon, is essentially a twofold action ; a combination of carbM 
with oxygen, and a decomposition of carbonic acid into carbonio oxide and oxyMn i ^ 
former is aocompamed by development, the latter by abeorption of heat j the latw 
preponderates to inch an extent as to indicate a loss of temperature eqaiwaleiit to toe 
heat developed by the combustion of 1609 kilogrammes of coke. 

1 hete considerations led the authors to employ bnmt lime in working blast InrnaM 
and thus to obviate the loss of heat t the results were iot at first mtialWlofyi 
management of the fumaoe bemg very diffloalt» and the stagi blidk and ^ 
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sabiequentlj the working wav regular and good, and the B.iving of ooke and the in- 
crease of production are stated to have lK*en very evident; moreover the raw iron was 
of better quality, and all the interior parts of the furnace, eipeoiolly the tymp stone, 
remained in a much better state of pi at ion than a hen limestone was used. The 
following table shows the quantity of tokt. consumed for every )Oil Kilogrammes of 
raw iron, and the production duriug six months. Thi iii,' tires in the fliNt column refer 
to the furnace, lu which limestono alone was used , the second culuinn to the same 
furnace, in which burnt htne alone was unedi and the third ooiumii to the furnace 
in winch liineatoiie was used ibr throe luonths, and burnt lime for the next three 
months. 
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The very regular and uniform results given in this tabic, show that by the nse of 
burnt lime, the consumption of coke for every 100 kilogrammes of raw iron was 
reduced by 14 to 15] kilogrammes, while at the same time the production of iron 
increased, within a certain period, as much as 22 to 24 per cent. 

Hitherto the opinion of metallurgists, with regard to the use of burnt lime, was 
rather unfavourable than otherwise, but since the above experiments were made (at 
Ougr4e), it has been employed with good results in England and Wales, and as much 
as 12 kilogrammes of coke have, it is stated, been saved for every 100 kilogrammes of 
limestone, which was replaced by 63 of burnt lime. 

Vartetiea and chtmtrtu conHttuthn <if a oh. — In rominercr* there are four prin- 
cipal varieties of cast iron, known respectively as Nos. 1, 2, •'), and 4. or darh grey, 
bright grey, maided, and white i tliese tenns, although convenient, do not, however, 
indicate the intrinsic value of the iron thus denominated, as the variable qualities of 
ore, fUel, and limestone may exercise such an influence on the resulting crude iron, as 
to render a low denomination of one manufacturer of greater commercial value than 
a higher denomination of other makers. The general characters of the fbnr varieties 
are these: — No. 1. Colour, dark grey, in largo rounded gmins, obtained commonly 
near the commencement of the casting when the furnace is in good working order, 
and when an excess of carbon is present ; in flowing it appears pasty, and throws out 
blue scintillations. It exhibits a surlkce where crystalline vegetations develop them- 
selves rapidly in very fine branches ; it congeals or fixes very slowly | its surface, 
•Then cold, is smooth, concave, and often charged with plumbago ; it has but a 
moderate tenacity, is tender under the file, and sosceptible of a dull polish. When 
melted over egain, it pasm into Na 2, and forms the best castings. No. 2, colour 
bright grey, of small-grained structore, and interspersed only with small graphite 
lamine \ poesesses great tenacitr, is easily filed, turned, end bored i may even he 
hammered to a oertain extent ; does not rmily crack from change of temperature. 
No. 3 is a mixture of white and grey iron. On etraagty maided iron, litUs stars and 
ipotsof gre^jr iron are found, interspersed in bright or flowery iron ; weaMyrnoUkd iron 
exhibits wmte specks on a grey gronod. In tireaked iron, grey iron is found almve 
and heLow, and bright iron in the middle, with strong demarcations. No. 4. TTAItf 
■ran variss from tin white to ffre^ish white ; it is very brittle, Crpeking easily, even 
by change of temperatnret tt is extremely hard, aometimes even more so 
Vol.il s a 
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Imrdoned itcel, to that it will reswt the ttrongett file, and tcratches glast easily 
Pnictuie sometime laminar, sometimes lamino ^latiog, sometimes finely spliuUnd, 
b tiiu turn s di use and com hoidal As the fracture changes from iaininal to conchouUl, 
till colour likewisi varus from white to greyish Mean specific gravit}, 7 5 lx 
piiids ksb than grey cast iron wlaii htiftd cannot be wddid, beiausL it bicoiiicb 
pasty at tlu very hmisf wilding luut ^hen hcatid to the molting point it dins 
not ftiiddt niy pass into tlu fused state, like grc} pig iron, but is converted helon 
iubitig into a soft pasty mass In this variet} of pig iron the whole of Uu. cat bon ih 
unitid to tlie iron, it is nivir used for casting, but always for conversion into 
niulhahli iron Hit blight iron obtained from spathic iron ore contains the largest 
pioportion of larbon Ci 1 per cent according to Karsten) A whitt iron is alaajs 
tlu It suit of n dcriiigtiiicnt in tht working of the furnace, though it by no im ins 
follows that wlun tlu iron is white the fuinaee must necessary be in a disnrdcn 1 
Mutt, the pusiiict of inunguiusi, for example his a tendtmyto maki white ca«>t 
lion but tlu qunlity iiiiy lu exeellent Flu white iron ribiilting from dciangement 
fl )\\s inipcrkrtU, and dattH out in tasting abiindiuce oi white bc iiitiUations , it hxts 
liiy quick I}, and on cooling exhibits on its siirfatc irregular aeptritus, which in ike 
it txtitiiuly rough, it is extiedingly huid though it iscihily hroktn, the fiuetun 
1 m mg rndi ittd and Iniiiellar the bar iron it afioidsibof Mileiioi dest iiption Fins kind 
ot 11011 is always produced when the furnace is Cdirying a heavy burden of foi^i 
( ludt IS (oiit lining bul| hur and phosphotus 

I litis tht le art two distinet kinds of white cast non 1st lhat obtained fioni ores 
containing i large piopoition ot uianganehc crystallising m large plates, this viruty 
js Inghly pi I/I d for in iking steel 2nd Lhat it suiting from a heavy mineril bnrdt u, 
ot fioiu a gt iieni deruiginient of the furnace or from the rapid chilling of fused giey 
non er> btallibing in small phtib , both ire haid and buttle, the first more bo than the 
list ( jsf iron, winch by slow cooling is gicy, becomes white when it is cooled 
ripidly, on the oiliet hand, when white iron is melted and allowed to cool very 
( ludiiilly, a poitioii of the cuiboii erystalliMs out as graphite, and grey cast iron is 
1 TO bleed 

111 home iron woiks uw vaiieiies of pig non are reeognistd, which may be classified 
thus 1 Inst foinidiy non, large ci>btttls, 2 Second foundry non, large and 
buiiill cr> St ils mixed, 1 Park gre} , all small crystals , 4 Bright grey » 5 Mottled, 
< \>hite vt tp, mg on mottled 

1 he Ruhiomed table exhibits the composition of some different varieties of Conti- 
iieiitui, i iq lish and American crude irons The methods of dcterininiDg the sarious 
eltiuentb which neaily always aeeompuiy cast non, are given at the end of this 
article. 
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B sides the substances enumerated in the above table, other metals, iueh as eop]^* 
arsenic chromium, titanium, cobalt, zinc, tin, aluminium, and the metals of the alkalies 
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mid iiikahne earths, are oecMionally found in cnida iron, Imt tery rarely In quantities 
that (an at all affect the qualities ot the product, the alemeohi, the quantitative 
estiinutioii ot which has bMo given lu the above analytes, Jov however, material 1} 
thi phymcal quolititfs of cast iron shall, theiefore, offer a fovr observa- 
tions on each. 

1st Carbon — Iron «an take up nii> quantity of i inm np to a little over 5 per 
cent, at which point it brionies saturated , the cotiipoiind that formed is the white 
ir^stalliDL pig or hpu liai iron(i) (i > (v)(0» ahsoluKly pure itt conipoeitioii is 
94 8s iron and 0 li carbon, it is a Utra-iarbwett PeH The most higb^} cirburetKd 
II >i vli ih 1 irndH} and bt^rt could pnKluce, consiso ' ot iron 99 % taibon 5 64 
'J I « n SKins nu uaHon tor ndmittm,. hh homemetallui, Ktshavr lone tl < xisteiice of 
I ]M i\(.iibuiit ot II m uiituiniiig I percent of carton ii bmuehas xroutoutaiumg 
uinkt <» p^riiiU uppvara to lu coTnfhnh saturit d Ine K|>eaiiio gravity of pure 
titi uirbiirct (f oon is 7 6b il is tlu inoht fubihh ot ill thk earbun is of iron its 
nulling point K v l^<H)^ C (ntigrade , it is brink and s mi nhin ami (lystallibcs 
in ddiii i {11 lit mIjicIj in fi< picutly tabular Acet uliiic to (jiiiit thi carbuntof 
It I tiig ^ pig IS tiu into 1«*C, tht tiv«.tiIsot MiiicliliLlougto the 

I 'iiu <t cuhu N\bUin 1)11 iliriost always appe ii in giM non in llu torm ol (on- 

1 octohiiirul groups 3 licbpccitn gravity o( pi it mto carhantot iron, according 

iht stiiK Hiitlioiity 18 7 I'l aud its conqiobitn n 07 M non aiul 2 b3 chi bon, its colour 

IS II I f Ti It h II It Ks js inti nor, and its iubi' ilir> ksb than that ot bpeciilat iron , 
til i^roiips ol (i>‘‘ti B oiun t lund in cavuicb in laige cabtiiigs nri coinpobidot this 
I iiliar carlmrcu Giirit m i v ingtiiioiibly iudtavoiirs to show that in ^ uv pig iiou the 
u lb >11 of the octo-c arburi t is partially ii placed by ii/icon, sulphur, and jiutsphtiruH and 
th( iron b} miing u> bt und other int tals In like manner the cm bon ot the it tt a carburet 
lull bf partiuli\ rti'ndd b} silicon, phosphorus, or sulphur, the ilimiiintid oirbou 
appinnng in the fotiii ot graphiti the same dccoixiposition is effcctid by hiut, and 
8]Kculai iron, il i xpobcd to a tempt raturc considerably aboie its fusing point, bt conics 
iftttf It cookd blo)bl>, the griphite separates iii large ilakis, if rapidly, in uiinutu 
) 111 ticks boim mctillurgibts supiKisc that in gri y cast iron, a poi (ion only of the 
iron IS chtniically united 'nith c irbon, the rest ot thoimtal In mg dissolved in the 
cai biirctud compound in the torm of tualkablc iron wc mcliuc howeser to the opinion 
ot iaurlt, that the whole m.uu ot the iron is in a state ot combination with thcMle(tio- 
m gativi constituents, sm h as eaibon, sulphuY, pliosphorub, and silicon I hus m the 
white pig iron of lieaiy burden (m) there is a deficiency ot carbon, that element being 
replaced by sulphur and phusphorus 

Karbteii gives as the in< in ot several ana1}se8 3 5865 per ccjnt as the quintdy ot 
eirboi in cast iron smelted with charcoal from spithic ore lie states, that non 
(ont lining as little as J J per cent of carbon still retains the properties ot cast iron, 
partiLulaily the faculty ot separating graphite when allowed to cool slowly With 

2 per cent of carbon nun is not forgeable, and scarcely so if it contain only 1 9 per 
Cl lit With this quantity of carbon ii is steel, though not of the weldable kind (cast 
steel), even with so small a proportion of ..arbon as 1 75 per cent it is wildibk only 
in a blight degree , the iaitei propt t ^ ineuases as the haiduiss of the iron decuases. 
An .unount ot fie m 1 4 to t 5 ]h r nt ot carbon in iron denotes the maximum of both 
ba^lnchs and stiength lion containing 0 5 pe^r cent of eurbon is a very soft steel, 
and turuis the lioundary betweK^n the steel (i c iron which may ye^t be* haidemd) and 
malleable or liar non 1 h< sc limits lie peiciptibly higher if the iron be pure , and 
lower if It contain silicon, sulphur, and phosphorus 

The composition ot the various carbide s of iron, according to Ik rtbier is ns unde r — 

FiC^ I,r 1-1*0. rt«t 

Iron - 0 000 Of 00 0 819 0 899 0 947 0 9641 

Carbon - 0 400 0 910 0183 0 101 0 0,53 OOJ57 

In the Mast fomacc, the induced iron may take up carbon in two different ways, 
I By immediate contact with the incaodescent fuel, and 2 By taking carbon fiom 
carbonic oxide, thus Te + 2CC) * FeC + CO*. That non decomposes carbonic 
oxide ts considered by Le Play and Lanreut, to be proved by the folio wing ex- 
periment pure oxide ot iron and charcoal were heated in two separate pot ot lam 
boats, in a glau tube , the air lu the tute iuroisned oxygen to the oarb<Mi % 

carbonic oxide was foniied, which was converted into carbonic acid, at the expense 
of the oxygen of the oxide of iron , the carbonic acid was again tranafotmed into 
carbonic oxide, by taking np a fresh quantity of carbon, which was again converted 
into carbonic acid by taking oxygen from the oxide of iron, and this went on antil the 
whole of the oxide of iron was rcdoc(>d, the metallic iron then decromposed carbonic 
oxide, producing carbonic acid and carbide of iron ; end this went on till a certain 
quantity of carbon had combined with the non, when the action ceased If the 
charcoal be very stiongly ignited previous to the experiment, the carbonisation of the 
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iron does not take plarc, ncitlior docs pure CArbonie oxide carbonise iron when passed 
<ivcr the metal at a red heat : the ciFect in the experiment above described may 
therefore be duo to the carhurotted hydrogen evolved from the charcoal. Iron begins 
to take up carbon ivlicn heated only to the softening point, the carbon gradually 
penetrates the metal, converting it first into steel and then into cast-iron ; conversely 
melted cast-iron gives up carbon to soft iron, which it converts into steel. When 
white iron (PcH>) is heated with acids, nearly the whole of the carbon is eliminated 
in combination with hydrogen. C>rey iron only gives up to hydrogen the carbon 
which was chemically combined with the iron, the uncombined carlmn or graphite 
rcmaiiiH unacted upon ; the dark spot produced upon grey iron by a drop of nitric 
ucirl arises from this separation of graphite. For the amounts of carbon in the 
different varieties of steel, see Sti:el. 

l*hmj}h<nrus.— \n very few spoeintens of crude iron is this element wholly absent; 
when it exists in snuill quantities only, it is said rather to improve the iron for 
castings, ns it imparts to the metal tlie pnqierty of fusing tranquilly ; in a larger 
proportion it weakens the iron. In like manner a very small quantity of phosphorus 
hardens bar iron without materially influeneing the other properties, but when it 
exceeds ‘fl per cent, it renders the bar brittle, cMshnrf^ as it is termed. According to 
Sohiifhaeiitl, both cast-iron and steel are improved by phosphorus and by arsenic; he 
found the latter in the colchrnted Dannetnora iron, and in the Lowinoor iron, and 
the former in the equally famous llussinn (CCND) iron. * 

J Sulphur. This element imparts to crude iron the property of becoming viscid, and 
solidifying quickly with cavities and air-bubbles. It is not certain to what extent, 
or if at all, the presence of minute proportions of sulphur reduces either the tenacity 
or the toughness of cast-iron of given quality in other respects. It is stated in the 
Re])ort of the Commission of Inquiry, as to the manufacture of ordnance on the con- 
tinent, on the authority of Scliur and Mitseherlich, that in certain Swedish works 
pprites is thrown into tlie furnace with the other constituents of the charge, to produce 
tile fine grey mottled iron requinnl for gun founding, and it is added that the effect 
may be analogous to that of the oxidising fiamc in a reverberatory furnace. It is 
certain that sulphur possesses the property of concentrating carbon in iron : and as 
mottled iron is a mixture of white and grey iron, it is not difficult to see how the 
addition of pyrites may determine the formation of this variety of cast-iron in a fur- 
nace, which viithout it would produce grey iron only : but it is scarcely credible that 
any intelligent founder would resort to such a method of inoking iron for casting 
cannon, in wlih'h the highest possible degree of tenacity is required. The fine grey 
mottled iron, which from its tenacity is known to be best fitted tor large castings, is said 
to be prepnred without difficulty, by charging the furnace partly with roasted and partly 
with raw ore, and so regulating the blast that the yield shall be regular, and the slag 
nearly colourless ; these two ores, having different degrees of fusibility, are reduced 
after different periods in the furnace, and hence afford one of them grey, and the 
other white iron, the result being, provided the minerals arc properly proportioned, a 
mottled iron, harder and more tenacious than grey iron, obtained by mixing or by 
smelting in the cupola. It is desirable that the temperature of the furnace should be 
kept as low as possible, the production of dark grey graphitic iron resulting always 
from intensity of heat. 

When sulphur is melted with iron containing the largest amount of chemically com- 
bined carbon, sulphiiret of iron is formed on the surface ; underneath a layer of 
graphite, and beneath Chat, a layer of iron with the wnximum of carbon : and when 
grey iron cont|ffi|ng 3*31 per cent of graphite is melted with* sulphur, white iron, 
containing irofff4*0,3, comhined carbon 4*93, and no graphite, is formed. The tendency 
of sulphurous ores to produce white metal in their treatment in the blast fnmace, has 
long been known ; it vi as supposed that this was occasioned by the too great fusibility 
which the sulphur gave to the cast iron, but ores containing large proportions of phos- 
phoric acid will prepuce very grey iron, notwithstandinfj; their fusibility, so that thir 
explanation docs not serve ; the experiments almve described point to the true reason. 
The sulphur preseut in the ore (if as sulphuric acid reduced in the furnace) enters 
into comSination with the iron, displacing a corresponding proportion of carbon, which 
becomes concentrated in the remainder of the metal, forming white iron. To goard 
against this, and in order to obtain a metal which shall contain a minimum amount ol 
sulphur, the slags should contain the maximum amount of lime, M Berthier having 
shown that this earth decomposes sulphuret of iron at a bi^ temperature, in the 
presence of carbon M. Janoyer states, that the proportion of lime and silica in the 
slag may be as 54 to 86 ; it is doubtful whether inch a highly basic cinder would bo 
sufficiently fusible. Direct experiments, however, have ahown that the aikionnt of 
sulphur in east-iron diminishes in proportion as thf amount ot lime in the slag in- 
creases. A still better flux is oxide of manganesO^ and it ia fonnd that when thi 
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mang&nifeious spatbose ora eoDstttates part of tbe burden of fbnmeet sulphur 
almost entirely disappears f^om the crude iron. M Janoyer Wboret that he has 
proved czptiimentall), that the whitening of cast-iron smelled from sulphurous ores, 
18 due» in part at kast, to the subitaction of a poition of ats carbon, and its volati- 
lisation in the form of sulphurct ot carbon, by whioh the temperature of the iuroaoe 
IS lowered, but his cspinaieuts i i this point rei^iiii uonfinnafion Tbe presenct of 
I very small quantitv ot sulphur u mi) injiinoiislv ujpon bar iron, s> small a pro* 
poriion as r<.tid img the uutal hot shoit,** iliat is incapable ot biing worked at 
( rd heat under tlu hammer. It the quintif) of sulphur in the crudi. non ezcieds 
U4] 1 tnt n IS b< arcely poBs b1 to nuniifactuu it i i pood wroiiglit iron. 

Sf/i on —1 iki oaihoii this ikuicut <iiuis into cui \ iiiation till Jiuii m all propoi 
tioiis up to as high as 8 I (1 Ill Ihe largist quai I't ioiud by KarsUii in pig- 
roii Mas 3 4b p 1 cent, but in the ab) i labk a bfitiiiiKn (u) Is (|aottd from ( oal- 
lro»k 1) lie tout iiiiiiig 4 88 f i uiil ii <1 wc havt hit ty k iiud it in a saniph of 
^o\a Siotii Ilf s h gh IS 5 8 pel cent (tcmi«llyspi kiiggn) ubt iron coiitaina 
I )rf s hcon l1 a mIi u ml t k. grcatci tht quantity cl gt vphite in lln. ciudi iron the 
I 1 , 1.1 the a It oi tiiluoi h cause the higlu r th« kmitrituic oi th( hirnace, but 

0 ^ again Mill depend initt iially on the qunlit} ot tin 1 1 al, from Che ash of which tho 
h 1 on IS probably priiKipally derived A clean h loiig coil yielding a small per 
eijitagc of anh famishes a lasMion with less s lie ni tl 'll! an inferior cfiil, the niinei il 

1 nliii lieiiig tin h me l*ig iron siiultc 1 with iiot hlist contains mote silicon than 
mIuii the blast is e( id, bituu t < t the hqhei Icinict ituiL which prevails iii the fu 
/one ot the tiiiua t Sonic unahsiS illiisitntiug this fact have been ainid} given 
According to the cxpcniients ft MM Jnnojei and Gauthier tbe amount ot silicon 
III hot blist fast non iii^i be gif itlv indiunccd by varying the propoition of lime- 
St ne in th fcinacf Pi,, non ol tamed with a charge Melding a cinder m mIijcIi the 
lime and uluiuinii m k to the silica as 7 is to 10, hud little stieiigth, breaking re4idily, 
and analysis shofred that itcoiitniud 3 per cent of silicon B} increasing the amount 
ot lime in the chnig so is to c btaiu a cindci in whic h the bases were to the silica as 
8 IS to 10, md at the s imc tniu cnijilf ymg a blast of the highest attainable temperature, 
the iron produced hal i uiiuh gr< ttcr sticngth \Micn the proiiortion ot bases to 
silica m the cinde r m is ..0 is to 10, the iron contained only an in ippreciablc amount 
of sil con, and the si length w is increased in the pioportioii of 65 to 45 When the 
inaximuin qu'intitv of lime was used the consuiiiption oi fuel was on the aveiugc in- 
creased to the extent cl 6 pei cent 

On reading the ahosc account of the expeinncnts of Messrs Janoyei and Gauthier, 
Iho write'* of this article induced the fuinice m linger ol the Blaiiia Iron Works to 
increase the jields ot lime on one of his fuinaccs to as gnat an extent as in his ludg- 
iiicnt it would be ir, and when tbe luriiace was undei the full influence of the excess 
of flux to forward him saii pies of the gre> pig for anol^sis 1 he following results 
sh )w that, contrary to the state incut ot MM Janoyer and Gauthier, no advantage, 
as regards a diniinutiuii in tho uiiunmt 1 1 silicon, was hereby obtained tbe proportion 
ol that element being not jcfcptibly altcied, though there is a slight diminution 
observable m the perceii igc < 1 sulphiii 

Grey | ig « th uiusl Orer pig, with extra 

bur I f 1 me burden ol Ums 

Sulphur - - - - 0 0G7 - - - - 0 045 

Silicon - - - > 2 900 - - - - 8 980 

As the presence of silicon in pig iron affects m a rcmaikablo degree the yield ns 
well ns the strength of puddled bus, u is ot importance tliat this element should be 
n moved as etfeetually as possible by a refining process before the crude iron is sub 
nutted to the pudfliing process Pigs with 3 percent ot silicon give about b per 
cent ot silica, and this requires somewhere about 12 per cent of iron to form a emdt r 
sufficiently fluid to allow the puddled iron to become aggic gated into balls, this can 
of course be obtained onlj b) bumtng that amount of non lu the puddling fumscu 
afler the expulsion of the caibon, and while the mass is lu a powder) state This 
pfiwdery mass is compostd of small grannies of ircm mixed up with a g/uey inAisibie 
cinder The puddler toms over this mass repeatedly to expose the ii on to the ozidisin** 
influence of the fiimace , the silica now taking up sufti ent oxide of iron to give it 
fluidity begins to separate from the iron, and forms a pool at the bottom. After a<nne 
time the puddler, finding the mass of cmder accnmtflatiug pretty fast, makes the first 
attempt to **ball up ** lu order to saveas much iron os powtble,he kem the damper 
down and works the powdery mass at as low a red heat as poMihle I^e halls, even 
when made, will not bear much heat under the hammer without falling to pieces, 
hence an imperfisct weld in the hammered mass and rolled bar is the result, and 
although the iron may be chemically pure it is deficient in slreapfh. By protracting 
the process and wasting more iron, tfaera is no doubt but that the iron mij^t be mi- 
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pro\e!, for tlio oinde* would become richer in oxide, more fluid, and consequently 
oif( r 1(84 resistance to a perfect wild Iron, on the contrary, with a small percentage 
of hi I icon may be ** balled up " directly it is * dried, ’ and the short time required for 
that operation cun be conducted at the highest heat of the ftirnace A good welding 
of the mass is the const qiicncc such iron is strong and the labour of the puddle r iii 
obtaining it is much hbs than in the foimcr case I very pound ot silica must have 
twici Its weight of iron to iotm a eiiider sufficiently rich in oxide to allow the 
pirticles of iron to become pro]3erly a,,glutinBted Such being the influence of 
silicon on both the \iild and the htnngth of wrought iron, and such being the waste 
attendant on its removal in the refinery it becomes an object of much practical im> 
poKance to prevent u fur as possible the foimation of a silicidc of iron in the blast 
turn ice and the obbtivations of MM Jailoyer and Gauthier on this point requue 
0 ireful verification 

Manqaneite — I he presence of this element in pig iron does not appear to exert 
miK h lufliience e ther for good or for bid on the quality of the metal and even when 
It exists in niiantitv amounting to 4 or 5 per cent in the ciudc iron it disippears 
ilniost etitirily dm ng the e mveision of the cis iron into wr iii^ht or mHlIeable It 
bis ilitiidy been obs ive 1 that the cinder from non smelted fie in ni uiganifeious 
( Ml nils gdieially speaking more siilphiii thin blags or cinders fiom non oms eon 
taiiiiiig no mingiiiebe We have hod nanierous opportunities of confirming this, and 
hive therefeire on this account alone attached much importance to the existence of 
iimnLaiiesi in non oies but our itiention has moie loc ntly been directed to anoiUcr 
point hull UL think esperiailv veeiith of notice of ir m manuf leturt rs, nimely to 
the almost pci feet removal of phosphorus from pig iron eont lining a very large pro 
poitioii of tint element and at the same time a hi^h percent igi ot mangiiiese As 
OUT cxpeniiicnts on tins iiiipoitant point nie. still in pi ogress we bh ill merely he re 
qii >te a tew in illustrition of the puiitying action we hive alluded to 
Iron made troni a highly phosphoribcd uie containiug no matigamsc — 

I hoiphonii 
pe r rout 

Pig - -3 030 

Puddled bar - -- -- -08 iS 

Hough down bar - - - - - - 0 ')72 


1 Ik fiiiiblie d bar was cold short in the highest degree, it was in fact non ly woi thless 
lion made from a highly phosphonsed ore eemtamiug a laige per centage of man 
gane se 

Pboi} honii Mmaineie 


Pig 

Puddled bar 
Do 

1 inisbed bir 


2 GO 
0 30 
0 20 
Oil 


- 7 20 
030 
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The iron was c ire fully witched diiiingthe puddling process It nultcd very thin, 
md t lok rathci more >^ork than usual as boon as the boiling commenced it w is veiy 
VI lent the metal forcing itself out of the door hole until it was chicked '^^hen it 
i mu to natnre * as the workmen term it, it worked beiutifully and stood any amount 
of heat in fictthe he it could with difficulty be laised to the requisite degree Ihe 
yiel 1 w IS 22 cwts 2 qrs 24 lbs of pig to produce one ton (of 20 cwts ) of puddled bar , 
this is about tln^mlel of good mine inn when properly puddled The finished hir 
exhibited non«||rfiic cold short quality, it was exceedingly ductile, indeed excellent 
horse shoe s were made ii om it 1 he puddling cinder bad ue following composition 


Silica . - - 

Protoxide of iron - 
Oxide of manganese 
Phosphoric acid 
Sulphur ... 

8 240 

70 480 

12 800 

7 660 

-635 


99 716 


Other observations have shown that highly manganiforous pig fwithout Bos- 
phorus) IS puddled with difficiiltyiund someSmes with considerable waste, so that the 
n Wantages of an alloy of manganese would seem to be oonfin^^ to those TarieM e* 
iron luto the composition of which phosphorus largely enters. 

TAt remiersioft of CrutU or CarhHrwd Iron tnto MamSle /roR. — This Si eflfcotid 
by one or more o|ierations, which are necessarily of an oxidumg nature, the object 
be mg to eliminate from the east iron the carbon in foe form of aarbonie oaida gi^ 
and the iiliton, eulphur, phosphoms, and ofoer foieign bodm in foe form of 
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products, which pass either partialW or wholly into the sceritt or cinders. The pig* 
iron is either selected to a prvliunaary deoarboratioii in the oxidising blast hcartli, 
or ** refiner) ,** and the operation thus ooxnmenoed aitevwards completed in the oxi- 
dibing air-fumaee, or ** puddling fiirnace } '* or the complete eoneeiaion of the crude 
iron is effected by one operation in the puddliug Ihmaoe, by the procebb called ** boiling.’* 
It is said {JJlackwrll) that, at several works abroad, tbi attempt to arreat the progntee 
of dccarbuntion in the puddling or boiling fiirnace at that ^int in which the c<»n*- 
version has proceeded only so far as to leave the Inm m the state <ff steel, or sub- 
carburct, has been successful, aM that a valuable natural or puddled steel, not respiring 
ei*nicntation before conversion Into refiiu d or east steel, l as heoh the rt^Milt. 

ISniflutk Method q/* lin»r) fhruact^ is composed Of a b^aiy of brick- 
work.* about 9 feet square, rising hi.* tittle above the huitac< of the gMiund. The 
licailh, the bottom w which is of tnilhtonc grit, placed iii ibc mi^k, is 94 iect deep; 

It IS rectangular, being in general A feci b) i, with its gicntcst vbW parallel to thi fticc 
ot tin* tuyeres, and it is made of east iron m four platCb On the wide of the tujeres 
tlicri' 18 a single brick wall, on the three sides shed iron dmirs arc ] Inct^d, to prevent 
th< . iMiial an fioin cooing the metal, m Inch is iilinost uiua}s voikt <1 under an 
open shed or in the open uir, but never in a Kpaec bunoiindiHl by viilJh. The chimney, 
fioiu 15 to 18 lect high, is *upj[jurt<Hl upon four cidtinn of east it on, its lintel is 4 feet 
.ibovo th(* level of the heurlb, m order that llu^ JaboiirerB may work vitbout restr.nnt. 

*1 In jir IS Kiipplied h\ thi blow ing cylmders wh ( h supply the blost furnace, und enter 
the boiirth tbroiigli b tutircs, so anariged th.it the cun cut issuing fjom those on >be 
opposite bides of the criu hie are not dib|iosed in 'he same plane. *1 bese tn^ires, like 
thobe in the furnneeb in which cast iron is made, are provided with double ciibings, 
through which a ciirreni of cold water is constantly flowing, and each pipe is tuiuished 
with a suitable stop \aUc* foi leguUting the volume of the blast. The tu>i les are 
placed at the height of the Up ot the crucible or hearth, and are inclined towards the 
bottom, at an angle ot from 25*^ to 30^, so us to point upon tlie bath of molted metal 
as it flows. The quantity of air blown into thi* fineries is coubideruhlc, being neany 
400 cubic feet per niiuuti* for each finery. 'J‘ho ground plan of a finer) is shown in 
Ftg 1012, A being the hi.irth , b the tapping hole, ii the chill mould, and aa ana a the 

nozsleb of the tuyiTcs. The upiTation of re- 
fining ciude iron is conducted us follows: A 
fire iR lit m the centre of the hearth, which is 
first urged hy a gentle blast; a chatge of pig, 
about 2 tons, is then laid on, and the whole is 
covered up donie>form with a heap of coke ; 
the full power of tiic blast is now turned on, 
the cast iron melts, and flowing down gradually 
collects in tlie crucible, more coke being added 
as the first quantity bums away. The ope- 
ration prooe^ by itself, the melted metal 
U not stirred about as in some modes of re. 
fiiicr)% ond the temperature ib always kept 
high enough to preserve the metal liquid. 
During this stage the coals are observed con- 
tinually heaving up, a movement due in part 
to the action of the blast, but in part to 
on expansion caused in the metal by the dis- 
charge of carbonic oxide gas. Whim all the 
pig-iron is collected at the bottom of the hearth, 
which happens in about two hours, it is blown 
vigorously for some time longer, the tap-hole is 
opened, and the/ae metal runs out with the slag into the chill mould, or pit, as it is 
called, which has been previously washed with a thin clay liquid, to prevent the refined 
metal flrom adhering to its suiftoc. The chill mould is in a prolongation of the 
tapping hole ; it is a heavy cast iron trough, about 10 feet long, 3 feet broad, and 2 to 
2} inches deep. The slag, from Hs inferior specific gravity, forms a crust on the 
surface of the metal : its separation is facilitated by throwing cold water in large 
qwtities on the floid mass immediately that the entire charge has left the refinery. 
This indden chilling of the metal makes it exceedingly brittle, so that it can be broken 
into smaller pieces by heavy hammers, for the snbs^uent operation of paddling. The 
refined metal is veiy white, hard, and brittle, and possesses in general a fibrous ra- 
diated texture ; or sometimes a cellular, including a considerable number of smaU 
rabcrical cavitiei, like a decomposed amygdaloid rock. The loss of iron in the ^ 
finery process is very large, varying from 10 to 20 per cent In the Welah ironworks, 
1 ton of white iron takes fkm 1} to 2 hours to refine, the consumption of efike b^g 
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from 6 lo 8 (wtH, tiid the loss about 3 cwts Grey iron takia from 7 tj 9 ewts of 
r ki per ton tlu tiint requirid to lUinc being from to 3 hours, and the loss of non 
))( I tdi 4 ewt 1 he pig iron to be dtcirhuiised in the refimiy is fiequcntly mixed 
Mith rub Bilicifcs (toigL cinders), and occusioiiilU with oxides of non the ohpit 
hi mg to proK a till 111 Itid niital in some digit i fiom the oxidising e diets of tl < 
hi ist, and to riaet on tli i iihon which it contains J he qu intity employed dipt n Is 
on the degree to whieli the j g iron is larhiirised Ihe ciude non from whih 
wioiight iron of tlu Ust quility in pioduced is that possessing u medium dip^rie < 1 
c iibii ation or whit is g lurillj termed grey pig non White iron, which possisses 
iin infi nor degree of fluidity to gic> pig iron and whiih eomts as it is termed more n 
] 11\ toiiitiire IS tbit qiiilit) wliieh is most gemrilly emplo\ed in the m mufacturi 

f wrouf^ht iron cspeeially whin the conversion is efteeted in the single opeiai on of 
hilling 111 the pudd ing furnace but this species of pig iron being the result of iiti 
piifect 1C actions in smelting is ilw i>s nine impiiie than grey iron obtained frmi 
tbesimi niateriils and does not \ loduie wrought nun of the hist quility 

J Ik coke employed in the nfiiiii} slioull be as ftee ns ]ossblefiom shale md 
should contain only a low peicenti^e of ash, it sh uid espeeially lie fne fiom siil 
phiiictof iron which it often contains in coiisid luhli quantity, as it is found tint 
iieirly the whole of this sulphuiet ciiteis into cuiiihinatiou with the met il, and does 
not p iss off 111 the slags 

Hefiiieiies in sorm time s w orked on hot fluid non run dnect fiom the biiithif 
the hlist fur iiei a considerable saving both of time and fiul being hereby efl ete 1 
^ullouB proposals lim bieti patented foi the emiloymeut of fluxes to issislin the r 
iiioval of the impui it esof castiion both in the lefinmg indpuddlingfuriiaees I bus Mi 
Hampton patented, in 185 i flux pripired b\ slaking quiek lime with the solution i f 
an alkali, or alkaline salt MM Du Mot i} and Font aim pi pose in a patent secured in 
18 iG to purif} and decarbonise iron in the refining and puddling furnace, by the tm 
] I )> mint of fluxes pi ( pin d fiom the seoriu of the puddling iurnact fiom ox ides of non 
a d silicates or carbon ite s of ilkali s orothci bases Mi Pope (1850) proposes to add 
thi rt sidiic ohtaim d by the distillation of Boghi id or Poibane mineial, to such fuel is h 
eni] loyed in the refining of iron Mr Sindeison of Sheffield (1855) employed fortl i 
le filling of iron such suhst iiicis as sulphite of non e ipablc of disengaging oxigeii 
01 other eh mints, which will act upon the siiiciuni iluniiuuui, &c, contained in the 
met il I hescand various other schemes h n e been ^uggi sted with the object of lisseinng 

the cnoi mo is waste w huh [ ig ii on undergoes on its pass ige through tlu ri finer} for is 
tl I locess IS at pri sent ci ndueted, the parti il elimii atiou of the cat bon sul^ hur, pbos 
I li iruB &e , is onl} effect d it the expense of alar^cq mntity of iron wh eh is oxidis d 
1)} the hi 1 st, and piissi s in the foi m of silicate into the si ig , tlie desideratum is the d s 
eovery of some met* od of leducmg the oxide of non, and substituting fi r it some othei 
base, winch will form w ith silic t a sufficient!} fusible silic ite Mr Blackwell suggests 
til It tlu di c II buiation of pig non might be effected by remelting it lo a cupola furii ice 
iit’iei alone or with iiiiucrals containing neail} puie oxides of non , the oxide of non 
would he reduced by the carbon of tlu pig iron, while the s luates of the fuel, with 
the silica alumina, and other easily oxidisable alloys elimiipited from the etude 
iron, would be sepaiated in the form of fusible earthy glass The employment of 
steam as a purifying agent for crude iron has been patented by several persons Mr 
Nasmyth in 1854 obtained a patent for the treatment of iron in the puddling furnace 
w Ith a cui lent of steam, which biing introduced into the lower part of the iron, passes 
upwards, and meeting^ ith the highly heated metal undeigoes decomposition, both 
f If meats actn^jjl purifying agents The steam employed is at a pressure of a^ut 5 
p lunds per aqllre inch, and passes into the metal through a species of hollow rabble, 
the workman moiing this almut in the fused metal until the moss begins to thicken, 
which occuis in fiom five to eight minutes after the introduction of the steam , the 
steam pipe is then removed and the puddling finished as usual 

Ihe advantages are said to consist in the time saved at each heat or pnddhng 
operation (from ten to fifteen minutes) , the very offective purification of the metal , 
and the possibility of ti eating highly carbonised pig iron at once in the puddling 
furnace, the preliminary lefining being thus avoided In October 1865, Mr Bessemer 
jatinted a somewhat similar process for the conversion of iron into steel, the stfom 
highly heated, or a mixture of air and stiam, being forced through (he hqotd iron 
run from the furnace into skittle pots, steam being used only at an early stage of tha 
process and the treatment finished with heated air In the early part of the same year 
M I MarUen of New Jersey obtained a patent for a partial pnnficatiou of erode iroiii 
h> causing air or steam to pass up through the liquid metal, as it flows along gutters 
from the top hole of the fiirnaee or finery forge, and be subsequently proposed to inelnde 
V Ith the air or steam, otbci purifying agents, such as chlonne, hydronn, abd coal ga^ 
oxides of manganese, ond ainc, &c Other methods of treating ern^ iron irith air ifid 
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■tenni m*re made the subjects o^patouts b} Mr r in December and Jnnuorjr 

IM'iG In October a patent for thee luployinint of steaiu in adiiuxtuie with cold blast iii 
the smelting; iuriiacc and finin/; forjn was ohtainril * yMeasrs A? ruitage and Lee, of 
L (ds, und in Aii,fust a patent w is -ibi lined by Mr <«i orpo Parryvot ihi Ubbw Vale Iron 
Woiks lot the purificitinn of non bj iiuaiis of In,. h‘v heated sbum The fluid iron 
IS allowed to *'uii iiitc a reverb i itoiy lurnaic \ i s ouslv heaU I and the stcuiii is 
nude to impinge upon 11 liom st^tral tuurib, orti | its through tbt n till Stul is 
to be obt lined by tiiating highly ( ill 11 retted iron m it* the Me am till rlnn running 
It into xiat< 1, and fusing it with thi iliitionof puiifv tj agents oi Idi g to it m 
th b ii lu a 6iiull quantity of < 1 i ai d afierwards ib i li»o l ptrt nt ofenluiul 

I b >K ore Mr Pirr> otisei mi g tb it «hen si im w si it i iro i tb< inoli n 

in II as 111 Ml Nnsni>th s piiicsss ht iron quickly s n ud <oi(t Vid tb idt » it 

( niniunu itiug *1 bi^h digii( ot hia t i Miami v lasin^tbc steam pi p< an i| It 

01 iiith s ubose thi huifioe o tbt imtal othit it inuht bi ixpoAid t > tin inbnstl) 

III ilid atm^plKK I 111 tuiiiacc , and tlso i iiubiuiv i • pi > » 4 so 

I ,.iM tb moliinnuss i notion lounil tin lun n nil b tin i ] viiis iinnit mud 
lie 6 mu it I It i lull distanci bi>oii(ltbc luiu \ bin this \i is iloi)i,m a 
1i VI nil utisihi non bigan to boil viokntiv tlu m n r\ motion ot tlu lliiid hnuping 
t (tv put of It fiiuiiRsiv i\ into contact with tlu iii,^ ii> hiatiil niixtuic of sti itii an 1 
inos]dii I air n u no s iidihcntinn taking ] 1 lu 11 wing thus osc> r( niu 1 tin ] to* 

] 1 w of usin^ M m as t n lining agu t, it ounirid In Mr Put) tint as tin. pn 
Miici ol Biluon 11 till, pips ioi puddling ilhitsin a icinaikabli dipm tbe )iil^(l 
non as will us its Miiiigtb it is a rnitu i of couciquinie th t ibis 1 1 luiot sbimld bi 
niiioMil ns coinpb tclv us ] ossibli piivious to the puddling opu ition , thi btcuming 
of till lion would prol al ' tluuforobemote profttabl) applied in the. icfitury than in 
the piddlin,. iiirii u Pig non r mtaining 1 per CLiit of silicon gives 6 pir iiiit of 
silici whith, to toim a c lulii suffn. iciitly fluid to allow thi balling up ot tin non 
would riqiiiri from 10 to 12 piricnt of iron , and tbiscan of ioiirsi,oiiU be obtaiiud 
b\ burnitjg th It iitiioii It of non in tlu puddling fiiii iicc, ifu r tlu expulsion of the 
c II bon, and while tlu. mass is in a powdci> stiti 1 hi supirhiatid stiaiii is inpctiil 
on the surfsii of tlu iron lu tlu refimrv by water tujtns, hitnilir to tbosi used for 
hot blast at smelting fuinacis , they are inilinid at m angle ol about , boiiic ait 
lUHirtid at each stdi ol the door of the finnact, tiiid arc pointed so as to oioss eieh 
other, and give tlu iron a circulating motion in tlu liun icc i be tusi us iti fioiii 
j to A an inch in di imitir , a littli oxide of non oi silicatt in n state of fusion on tlu 
sill fill of till iron nil ill rates tlu action as in coinmou refineries, and incnasis tlu 
Skid of iiiital, but to a inmh gieater extent than whin blasts of oir are used 'Ihi 
fiti on huMng been turned on, the mass of iron commences circulating aiound tlie in- 
clined tiiycies, and soon Wgins to boil, and the action is kept unifoim b} iigu 
lating the flow of the steam The most impure oxides of iron ni ly be used in this 
prof (S8 such as tap cindei oi haniincr slagfVoni puddling furnaces, without injury to 
the quality of the refined met il made , the 1 irge quantities of sulphur and phosphorus 
wliuh they contain being (i ^tinlly remoud by the deterg nt action of the heated 
steam yrhen 4 cwt ol cind is uie used to the ton of pig, 20 cwt of metal maybe 
drawn, the impnnties in the pig King replaced by refined iron fh>m tbe cinders. 

We hare had several opportunitusof witnissing this beautitul refining process at the 
Ebbw Vole Iron Works, and base made the following analyeis of the cin^rs and 
metal which fully bear out the auovo statements — 

Pis Iran. Itefined mntal* 

Graphite ----- 2*40 - - - 0 30 

Silicon - - - • ->2 68 - - - U32 

Slag 0 68 - - - 000 

Sulphur - - - - -0 22 - - - 0 18 

Phosphorus - - - - 013- - -009 

Manganese- - - - - 0 86 - - -024 

Forge cindrri thrown Cinder run out 6f 
lilt > tbe rc finely. the rofiiier^ , 

Sulphur - • . - -134- - • 0*16 

Phospboi ic acid - • -2 06 - - 0 129 

A too of grey iron may be refuted by steam in half an houft using se?en Jets of 
steam ] of an inch m diameter, and with a pressure of from 30 to 40lbfib ; the tem- 
perature of tbe steam being from C00<> to roo*’ F , the orifices of the tuybres being 

2 or 3 inches above the surface of the iron At the fluidity of the metal depen£ 
upon the heat which it is reociYmg from the combustion of tbe fuel in the grate, and not 
on an} generated in it by the acuouof the steam, it w c\ ident that the supply of the latter 
in a given time must not exceed a certain Inmt, or the temperature of the A^d iron 
will become reduced below that of the furnace. This however partly veguhttea 
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and doei not require much nicety in the management, for, if too much steam be 
given, the ebullition becomes so violent, as to caube the cinders to flow over the 
bridges, giving notice to the refiner to slack his blast. The ** forge cinders '* used in 
the steam refinery contain 66 per cent, of iron ; the ‘*run out** cinder contains only 
; 4U per cent, of iron, or thereabouts, have therefore been converted into refined 
metal, and the resulting cinder is as pure os the ordinary W'clsh mine, with its >ield 
of :2.> pel cent of iron. The following is the result of one week’s work of the steam 


Pigs used 





cwt. 

396 

qrt. 

0 

lbs. 

15 

Metal made - 

. 


. 

. 

393 

3 

1 

Loss 

. 

. 


- 

2 

1 14 

Yield - 

. 

. 

• 


20 

0 

14 


The quantit) of eiiider (puddling) used was 3j cwt. per ton of pig. When cwt. 
of cinders were used to 1 ton of pig, the yield wTas invariably 20 cwt. over a make of 
about 100 tons. 

Uifinnty Ly ija<i (Gtrman method). — The most simple form of gas reverberatory 
lurn.iee is that known as Kck's furnace, which is employed at the government works 
fd (ileiwitz and Kunigshutte, for refining iron made on the spot. The following 
ill '.cription and plan of this furnnee is extracted from a report to the secretary of 
state for war, from the superintendent of the Rojal Gun factories. Colonel Wiliiiot, 
R. A , and the chemist of the War Department, Professor Abel. 

The gas generator (which replaces the fire-place of the ordinary reverberatory 
furnace) is an oblong chamber, the width of which is 3 feet 9 inches, and the height 
from the sole to the commencement of the sloping bridge 6 
f(‘et 4 inches. It tapers slightly towards the top, so as to fuel- 
litiite the descent of the fuel, which is introduced through a late- 
ral o[)ening near the top of the generator. Its cubical contents 
arc about 44 feet. 101 r> 

The air necessary for the production of the |ms is supplied by 
a feeble blast, and enters the generator from tne two openings 
or tuyeres of a long air chest of iron plate 1013,1014,1015) 
fixed at the back of the chamber, near the bottom. The space 
between ilie air chest and the sole of the chambers serves as 
a receptablc for the slag and ash from the fuel. There are open- 
ings on the other side of the chaniher, opposite the tuyere^ 
winch are generally closed by iron plugs, but arc required 
when the tuyeres have to be cleaned out. There is an opening 
below the air chest, through which fire is introduced into 
the chain her, when the furnace is set to work, and which is 
then bricked up, until at the expiration of about 14 days it be- 
comes necessary to let the fire die out, when the slag and 
ash which have accuiiiulati d on the sole of the chamber are 



removed through this ojieniiig. 

The hearth of the furnace is constructed of a somewhat loamy sand ; its 
thickness is about 6 inches, its form is that of a shallow dish, with a slight incline 
towards the tap hole ; the iron is prevented from iienetratiiig through the hearth by 
the rapid circulation of cold air below the fire-bridge and the plate of the hearth. 

Ftye 1U16 and 1^7, represent the upfier oblong air -chest provided with a series of 
tuyeres, whicljb^ the tup of the furnace just over the fire-bridge at an angle 
of 30®. The iiirTorccd into the fiimace through these tuyeres 1016 

serves to inflame and bum the gases rushing out of the gene* 
ratnr, and the direction of the blast throws the resulting lame 
down upon the metal on the hearth, in fVont of the bridge. 

This air-ehest communicates, like the other one, by pipes, 
with the air accumulator of the neighbouring blast furnace. 

'I'lic amount of pressure employed is about 4 lbs. ; but the 
supply of air, both to the generator and the inflammable gases, 
admits of accurate regulation by means of valves in the con- 
necting pipes. There is an opening in the arch at both sides 1017 
of the furnace, not &r from the bridge, into which, at a certain 
stage of the operations tuy^^^8 are intri3duced (being placed at 
an angle of 25®) also connected with the blast apparatus and 
provided with regulating valves. 

The lefinmg process is conducted as follows : — The hearth of the ftimace having 
been constructed or repaired, a brisk coal-fire is kindled in the generator, throng® 
the opemng at the bottom, which is afterwards bricked ujk About 20 cul^ ftet ^ 






(for Its combiistionO uniil the fareace is dried, ^hen ibo supply of air at lioth places 
IS increased, so as to raise the hearth to the temperature necessary for baking It 
thoroughly, upon which, about 40 cwt of iron are introduced , the metal being dis* 
tnboled oeer the whole hearth u uniformly as possible, and the sise of the pieoos 
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being selected mtli the now to expose as much surface as possible to the 
Tiit fusion of tho charge of metal is effected lu about three hours, the coal used 
amounting to about 3] cubic feet per hour The gas generator is always kept tilled 
1020 1021 



Croii section at o p on Plan. End view 


with ooal and the supply of air admitted from belaw is dimmislied by a 

of the v-iWe, whenever fresh coal is supplied, as the latter, at first, alwayi yw«ipj 

more freely Ihe arrangement of the upper row of tuydres effects the oombiimw" 
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of Jnst they pasu from the generator on to the hearth Hie hottest portion of 
thi furnaoe u> of course near the fire-bridge, is nhirc the blast hist loeets with the 
L n&Lb During the melting proce«is the iron is shiftid occiswnialh m* that the cooler 

I irtioo near the fine may in its tiini become Dilut'd without lus ot time Whin 
the non is ascertained to be throughly t used, about lbs of trusted limestone are 
thrown over its surf it i lor the pi rposc of conn it i ilie dross wb » h his sejparattd 
into fusiliU slag 'ihc twoside tu)(rr«» lu now inti du ed into lh«. t w aces through 
till open ng«> ahoic lludid to, thi wid h of the noz/lc employed dcf i tiding upon the 
powe r ot the hi ist use d The air msL ng from these ti ^ rts impntgi s with violence 
up n tlu lion and the two currciitH intcftug an tdd) Titofion is oi paitedtothi. 

Ill 1 iiutal In a short tune tin. nirten pioduced in the ina^siseo * 1 rahlt , the 

ii| iiD itant F.lai^ ib blown aside by t blast, and the siitf of tht ir i thus exposi d 
ml 1 ^ ts icfaiuiiMiit, while it chaigis .ontmualh, tlu umpe uuro ol the whole 

II is«v bting raised to a full wl if< lii,at, by the action of the nir Ihc iron is stirred 
ott s on ill\ in oroe r *o insure a proper change m the m il tape sid to the action of 
t> 11 ht \ ihoTcirul if limestone is cKeasioiiallv line 4n iii (the total quiiitity 

bung I I I »r e III ot the crude iron enn I »y 1) I he slag prcdiiccd is ex- 
( tus 1 h, itid IS allowed to umain in the tiiiui tu until the metal » tapped, 

11 o I CO ling It sepniateb from it completely 

I lu lui Hum oi tlu treatment in tins furii ue ifter the metal is fused, vanes from 
t lu uis and a i i i 1 > Inc hours aecoidirg to the pi iduct to be obtained lot 
the pt( prition ol |Kitccil\ wli U non the tieiitimnt ib e irrud on for five hours \ 
himj'i IS tapped II \imin its uppMiinci, when it is believed ole sifheieiitly 
tit it d 

Whci tlu Chirac 1 til w 1 th li awn from the fumact, the side tuyere ncaie St the 
( I) lu * IS w ill lri\ s tint tlu hW fiom the opposite tuiirc nmy force tlu metal 
t( waids tl iioh i he fluid ir m, as it flows from the tnpliolc is fully white hot, and 
peifeetly iiapl, it ebills liowesei, sery lapidly, and Konn solidihis A few pails 
ot water ai< thrown u|on those portions of the metal which aio not cove ii^d with the 
slag, which flows out of the furnace, the object bung to ecol it tapidly, and thus 
puNCQt the oxidation ot \n> quantity of iron Tht loss of metal during the treat- 
ment IS said not to exctcd 5 per cent 

N\ ith ref^ard to the puiificiition which the iron undergoes in the gas reverberatory 
fi ri a<e, it appeirs to be confined chiefly to the ehinination of caibon and sihciiiin, 
the amount of sulphur and plie}«-phoiiis undergoing hut little altciation, as appearafrum 
the following arid) sis ( 46rf) — 

Pi i nil PcOnnl iron. 

Silieium - - - 4 66 • - - 0 62 

Phosphorus - - 0 56 - - - 060 

bulphur - - 0 04 - - - 0 OJ 

Ncverthelt ss the iron thus refined is highly esteemed for all castings which are 
r(((uired to possess unusual powers ofiesisUnce . sonic c xpeiimeots made to ascertain 
the comparative btrain I irnc b> tl re fined metal, and the same metal as obtained from 
tlu blast furnace, bhowed the sti ngth of the former to bo greater by one halt than 
that of the latter 

The operation of puddlinp -An the jear 1783 and 1784, Mr Henry Cortof Gosport 
obtained two pate nts one for the puddling, and tht other for the rolling eif iron, * dis- 
covenes," says Mr Scrivenor, ** of so much importance in the manufacture, that it 
must be considered the era from which wc may date the present extensive and 
flourishing state of the iron trade of this country ” 

The object of Mr Cortb processes was to convert into malleable iron, east or pig 
iron, by means of the flime of pit coal lo a common air flimaee, and to form the re- 
bult into btr by the use of rollers in the place of hammers The process was ma- 
naged lu the following manner — ** The pigs of cast iron produced by the smeltmg 
furnace are broken into pieces, and are mixed in such proportions according to their 
degree of carbonisation, that the result of the whole sb ill be a grey metal The 
mixture is theu speedily run into a blast furnace, where it remains a sufficient time to 
allow the gicatci part of the scoriie to rise to the s rface. The fhmace ts now 
tupped, and the metal runs into moulds of sand, by which it is formed into pigs, ebout 
half the sire of those which are bioken into pieces A common reverberatory flir« 
naoe htatod by coal is now charged with about 2 ) cwt of this half refined grey iron 
111 a little more than half an hour, the metal will be found to be nearly melted } 
at this penod the flame ts turned off, a little water is sprinkled over ir, and a workman* 
by introducing an iron bir throngh a hole in the side of the flnnace, begins to stir 
the half fluid mass* and divide it into small pieces In the coume of about 50 minutes 
ftom the commencement of the process, the iron will have been leduced by constant 
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■timnf? to tho conimtcncc of small fpnycl, and will be considerably coob^d The 
flnme is then turned on again, the workmen continuing to stir the inital, and in tliiev 
minutes’ time the whole inas^ becomes soft and semifluid, upon which the flame is 
then turned off The hotust part of the iron now Ingins to hin\e and swell, and 
emit a deep lambent blue flanu, wliuh appcaninco is called ftmiuitation , thi htaving 
motion and nccompan>ing flame soon spread over the whole, and the lu at of tliL 
metal seems to he rather incrcasid than diminished for the m xt quarter of an hoiii , 
afur this pi nod the temperature again falls, the blue flame is less vigorous, and lu a 
little more than a quarter of an hour the metal is cooled to a dull red and the jets of 
fl imo are r<ire and faint. During the whole of the fermentation the Htirnng is con- 
tinued, hy which the iron is at length bi ought to the consistency of sand, it also 
approaches nearer to the iiialleable state, and in consequence adheres less than at 
lust to the tool with which it is stirred During the next half hour the flame is turned 
of! and on se viral times, a stioiiger feimentition takes place, the Iambi nt flame also 
becomes of a clearer and lighter blui , the inital bigins to clot, and becomes much 
less flisible and mote tiiiiieious than at flist Ihe ft imentation then by digues sub- 
sides ; the emission of blue flame neatly ceases, the iron is gathered into lumps and 
beaten with n heavy-headed tool Finally, the tools are withdiawn, the apirtuics 
tliiough whieli the> we^rc woiked ate closed, and the flame is again turned on in full 
touo for SIX or eight minutes The pieces being thus brought to a high wtldiiig 
heat arc withdrawn and 6hingle*d , afler this they are again heated and passed 
through grooxed rollers, by which the seoiin» are st paratid,aiid the bars thus foicibly 
compress^ acquire a high degrte of tiMi ieit> ” Hiit this modt of it fining did not 
produce altogether the desmd result. It was irugulai , sometimes the loss of iron 
was small, but at tulurs it was sery eonsideiahh , and thcMc were great sanations in 
the qunlifj of the non, ns well ns in llit quintity of fuel eonsiinied 1 hese dilfieulties 
wcie, however, removed b> the iiitrodiietionof the coke finery by the late Mi Sainiicl 
Hoinflay, of Pen>dirran, upon whieh flu puddling and balling lui nates came imme- 
diately into gciunal use, with the addition of rollers in die u of hammeib 

Ml Cort’s lust pattnt, which is for •* polling,” is dated 17lh Janiiiry, 1783, bis 
second, th it for puddling,” 18 dated 13th February, 1784 It has bun attempted, 
though wc think very unjustly, to detract from Cort’s incuts as an original inventor, 
hy riteiiin*^ to the intents of John Payne, «nd Peter Onions, dated n spectivelj 2l6t 
NoxcmlKP, 1728 iiid 7tii May. 1783 The first was to a certain extent, undoubttdlj, 
a patent foi * lolling,” for tne bars tendered mdhahh by a process indicated, are 

to pass lutuHin the laroe metaU rotvUrs uhith hate proper notilu^ or Jmivus upm 
thnr sutfa t * but there is no proof that any practical usl whs uncle of Payne s pio- 
cess, whih that of (\)rt wos almost immediatel) and uiimrsall^ adopted it mu> bo 
tiue tluiifore that Ooit was the utUstovtrer and not the actual drsui on of the 
process of rolling, but this in no wn> eletiaets from his merit, inasmucli Oh hy hib im- 
provements, be was enibled to muki available that which w is previously useless 
Tho same observation applus to the patent of Onioob, which to n eerl iin extent anti- 
i ipated that of Coi t for puddling Onions cinploj ed tw o fui naccs — a oomnion bine It- 
ing furnace, and a furnace of stone and brick, bound with iron work and well anneahd, 
into which the fluid metal was received fiom the smelting furnace When the liquid 
metal bad hem introdueid into the becond furnace by an aperture, it was closed up 
and subjectid to the htat of fuel and blast from below, until the metal became 
less fluid, and thickened into a kind of paste , this the woikman by opening a door 
tin rib and stirs with a bar of iron, and then cloan the aperture again, after wbuh 
blast and iii^||^pplied until there is ii foment in the metal , the adherent particles of 
non are coliecM into a mass, reheated to a white heat, and forged into malleable iron 
That the proeees of puddling is here indicated there can be no doubt, but the actual 
operation was inipraeticahJe until Ueniy Cort invented the furnace in which it could 
be eonduclMl 

Neither Mi Cort nor his family appear to have derived much advantage from his 
iiiiportint discovei les — discoveries w hich changed us nt once from dependent importers 
of iron into vast exporters to every country of the world, and which may be considered 
to have funded the iron industry of Great Britain. So long ago as 1811, the chief 
representatives of thctiade nsscmhled at Gloucester unanimously acknowledged their 
iiidehte*dnesR to Mr. Cort for the impiovements of which he was the author, and this 
acknowledgment has been repeated within the last few years hy Robert S^hensont 
bfaudday and Field, Cubitt^ Rindetf Sir Charlie Fox^ Bidder^ Crawehajft 
Jtdiley^ and many others In working out his in v entions, Cort is said to have expended 
a lortunt of 30,000/, and when bis patents wcie complctid, the leading iron masters 
of tlu country conti acted to pay him 10* a ton for their use, so that he would n^ 
only have been repaid, but mumlicentlyie warded, had he not unfortunatdy connec^ 
himself with a man named Adam Scllicoe, chief clerk of the Navy Pay Office. 
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proving to be a defbnlter, cominltted inicide, bavlng previontly dcatrojed the patenta 
and tlie agreements ivith ironmasters belonging to hisnitner, Heiii7 Cort llpon 
tlie death of SelHcoe, the premises, stock, and entire eiftets of Cort were sold by a 
suinriinry process obtained by the Navy Pay Office, and the msAHlnnate soan was thuh 
compktel} ruined 

The pui'dltwf Jurnart is of the reverberatory ft iahotmd generally with iron 
as nprisciitcd in the aide Yiew,y%^ 1<>24, by means of horigontal and veitieal Inirs 



wliuh are joined togitlui and fi\cd by wedges, to prevent them from starting 
asunder \m tUMiuentU, ludied, the reverberatory turnaces are armed with cast 
noil pistes ov( r tlu ii whi !< surface. Thcac are retained by upright bars of cast iron 
applud to till side wills, and b} liorisontal bars of iron, placed across the arch or 
roof. The luniace itsilt is divided interiorly into three parts, the Jiripilacc, the 
htwtK and tlit\/7ue. The /inplace sarieb from to 4j feet long, by from 2 feet 8 
inches to 3 ftet 4 inches wide. The door way, by which the coke is charged, is 
H inches square, and is hMclhd off towards the outbidc of the liirnuce. Tlub opening 
consists entirely of cast it on and has a quantity of coal gathered round it. The bars 
of the fire grate are mo\ ihle, to admit ot more readily cleaitng them troin abhes. 

I lij 1025 IS a longitudinal bection rifcmng to the elevation, /y. 1024, andyty. 1026 



IS a grojBd plan. Mhtn the furnace is a single one, a square hole is left in the side 
of the fiTeplaec opposite to the door, through which rhe rakes are introduood in 
order to bo heated. * 


a is the fire-door; 5, the grate; c, the 6ro-bridge; J</,ca8t iron bearth-plateiL 
resting uimn cast iron beams ee, which are bolted upon both sides to the east ircm 
binding p ates of the ftimace. /is the hearth covered with cinders or sand i o. is the 
mam woikingdoor, which ma> beopenedand shut by means of a lever o', and chain 
to move It up and down. In this larw door there is a hole 5 inches sqiire, throMh 
K*** ‘rrt ^ worked With the paddles or rakes; it may also’be closed air- 

tight 1 here is a second working doer A, near the flue, for introducing the cast iron, 


IRON. 


736 

«o that it may soften slowly, till it he ready for drawing towards the bridge, i, is the 
chimney, from 30 tA 50 feet higli, which receives commonly the flues of two fhmaces, 
each provided with a damper plate or register. Fig, 

10i7, shows the main damper for the top of the com* 
riion chimney, which may be opened or shut to any 
degree by meuiih of the lever and chain. A. Jig, 1 025, 
is the tup or floss hole for running off the slag or 
cinder. 

The sole is sometimes made of bricks, sometimes 
of cast iron. In the first case it is composed of fire- 
bricks set on edge, forming a species of fiat vault. It 
rests immediately on a bod^ of brickwork either solid 
or arched below. When it is made of cast iron, which 
is now beginning to be the general practice, it may 
be made either of one piece or of several. It is commonly in a single piece, which, 
liowever, causes the inconvenience of reconstructing the fornace entirely when the 
sole U to be changed. In this case it is a little hollow, as is shown in the preceding 
vertical section ; but if it consists of several pieces, it is usually made flat 

The hearths of cost iron rest upon oust iron pillars, to the number of four or five ; 
which are supported on pedestals of cast iron placed on large blocks of stone. Such ao 
arrangement is shown in the figure, where also the square bole a. Jig, 1025, for heating 
the rake irons, may be observed. The length of the hearth is usually 6 feet ; and its 
breadth varien from one part to another. Its greatest breadth, which is opposite the 
door, is 4 feet In the furnace, whose horizontal plan is given above, and which pro- 
tluces good results, the sole exhibits in this part a species of car, which enters into 
the mouth of the door. At its origin towards the fireplace, it is 2 feet lU inches 
wide; from the fire it is separated, moreover, by a low wall of bricks (the fire bridge) 
10 inches thick, and from 3 inches to 5 high. At the other extremity its breadth is 
2 feet. 'JMic curvature presented by the sides of the sole or hearth is not symmetrical; 
for sometimes it makes an advancement, as ia observable in the plan. At the ex- 
tremity of the sole fhrthest from the fire, there is a low rising in the bricks of 24 
inches, called the altar, for preventing the metal from roDning out at the JIm^ hole 
when it begins to fuse. Beyond this shelf the sole terminates in an inclined plane, 
which leads to the Jiavf, or outlet of the slag from the furnace. This^oas is a little 
below the level of the sole, an<l hollowed out of the baaement of the chimney. The 
slag is prevented from concreting here, by the flame being made to pass over it, in its 
w ay to the sunk entry of the chimney ; and there is also a plate of cast iron near 
this opening, on which a moderate fire is kept up to preserve the fluidity of the scoritr, 
aud to burn the gases that escape from the furnace, as also to quicken the draught, 
and to keep the remote end of the furnace warm. On the top of this iron plate, and 
at the bottom of the inclined plane, the cinder accumulates in a small cavity, whence 
It afrerwards flows away ; whenever it tends to congeal, the workman must clear it 
out with his rake. 

The door is a cast iron frame filled up inside with fire-bricks ; through a small hole 
in its bottom the workmen can observe the state of the fliroace. This hole is at other 
times shut with a stopper. The chimney has an area of frpm 14 to 16 inches. 

The hearth stands 3 feet above the ground. Its arched roof, only one brick thick, 
is raised 2 feet above the fire bridge, and above the level of the sole, taken at the 
middle of the furaace. At its extreme point near the chimney, its elevation is onlpr 
8 inches ; nnd|d||l^ame height is given to the opening of the chimney. The sole is 
covered withiRayer of finely pounded cinders from previous workings mixed with 
mill cinders ; formerly the bottoms were of sand, by which great loss of iron was oc- 
casioned, and the metal obtained of inferior quality. 

The fine metal obtained by the coke is pvddlm by a continnons operation, which 
calls for much care and skill on the part of the workmen. To charge the puddling 
furnace, pieces of metal are successively introduced with a shovel, and laid one 
over another on the sides of the hearth, in the form of piles rising to the roof ; the 
middle being left open for puddling the metal, as it is soocessiyely rosed. ^ Indeed, the 
whole are kept ns far sepaiate as possible, to give free circulation to the air round the 
piles. The working door of the lUmace is now closed, flicl is laid os; the grate* and 
the mouth of the fireplace, as well as the side opening of the grate, are both filled up 
with coal, at the same time that the damper is entirely openoa. 

The fine metal in about twenty minutes comes to a white-red heat, and itt thro 
edged fragments begin to melt and fall in drops cm the sole of the fitmace. At this 
period the workman opens the small hole of the fiimaoe door, detaches with a iwo 
the pieces of fine metal that begin to melt, tries to expose new snfllioei to the action 
of the beat, and in order to prevent the metal from mnninf together 08 it loltoo^ no 
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removes It Arom the vicinity of the Are bridge. Vniea the whole of the ftOe metal bae 
thiiegot reduced to a paetv conditioD, he muit lower the teaiporatiire of the fomaoe 
to prevent it Arom becoming more fluid, lie then works abmt with hie paddle the 
clotty metal which swells up, exbibiung a kind of fermeiitittkw occatfUmed by the 
discharge of carbonic oxide, burning with a blue flame as if t|w bath were on Are. 
Tlie metal becomes fluer by degrees and less fusible, or, in the language of the work- 
men, it begins to The dieengageinont «/ cnrbonic oxide duni^hes and inon 
stops I'he workman continues meanwhile to pdMc the metal k0 the whole ehiige 
is reduced i<» the state of iocoherent ssinl; the vaguer is then preg^esilvely opened. 
^Vltll litc return of beat the particles of iiiclal begin to agglutiagle, the ^liar^ be- 
romch lunn* difficult to r use, or^ in the Ubourera language, it worka heavif. The 
Ti fuiiiig is now finished, and nothing remains but to gather the iron luto balls. The 
piifidlcr with his paddle takes now a little lump of metal as a ooeleus, and makes it 
toil about on the lurCace ot the furnace, so as to colka more metal, and form a ball 
ot about ftO or 70 Iba. weight With a kind of rake ealh d in England a daUy. and 
wbirb b( heals hetori'band, the workman Si*ts this ball on that side of the furnace 
must 4 iposed to the at tioii of the heat iii order to unite iti» diflercnt particles, which 
I'c tin n M(|ueeSiS together to ibrcc out the scorim. When all the halw are fashioned, 
ilu> small opoiing of the working door is ctoaed with brick to cause the beat to rise, 
and to facdituie the welding. Each ball is then hiud out cither with the tongs, 
if lougiinig rollers arc to be used, as in Wales, or with an iron rod wildidl to the lump 
us a httndie, if the hammer is tu bo employed, os in Staffordshire. It is usnal to in- 
troduce a fresh c'harge when t)ie fHirtion under operation has arrived at the pasty con- 
dition , wheu this is done, the enure proci'ss la effected in about hour. 

'I'he charge fnr each opeiation is from 4 cwts. to 4} cwts. of reliiied metal, and 
sometimes the cuttings of lur ends are introduced, which are puddled apart The loss 
of iron IS here very variable, according to the degree of skill in the workman, who by 
negligence ina) suffer a coii6id<‘i able body of iron to scorify or to flow into tlie 
lieurth and raise the bottom. Taking the average of 65 furnaces for 22 years* work- 
ing Mr. .'i'rurau finds the consuniniiou of refined metal to produce one ton of puddle 
burs to be 21 cwt. 1 qr. 20 lbs. The consumption of coal is likewise subject to varia- 
tion. \AiUi coal of good quality, and suitable for reverberatory furnaces, the ton of 
puddled bars is pniduced with a eoubumptioii of from 12 to 15 cwt; but if the coal 
Ih) of the anthracitic character, from 18 cwt. to I ton will he required. About (iu* 
puddling furnaces are required for the service of one smelting furnace and one refi- 
nery Each furnace, with good woikuicn, turns out about 23 tons of puddled bars 
weekly. 

The cast iron bottom and sides of the paddling furnace arc kept cool by currents of 
air, or, in those portions exposed to the greatest beat by water. The cinders of the 
charcoal finery arc much esteemed for lining the bottom. When melted into one 
uuiiorni mass, with the addition of oxide of iron, these scoris form a bottom offering 
great resistance to the action of the melted metaL 

Various patents have been taken out within the last four or five years for the em- 
)do) nieni of chemical ageiiU to assist m the purification of iron In the puddling 
furnace : some of these have already been alluded to. One of the latest is that of 
M. C'harles Pauvert of Cbatellerault, who proposes to eroplov a cement composed of 
the following substances : — oxide of iron, 14 ^rts; kig^ aluminous clay, 30 parts; 
carbonate of potash, 1 part ; carbonate of soda, 1 |)ait. The iron ia to be placed with 
the cement in layers, and heated in the furnace in the ordinary manner. After ce- 
mentation it is welded, and then drawn into bars ; it is stated to become tbui as soft 
and tenacious as iron made from charcoal. ScbafluBult'a compound^ for which a 
patent was secured in 1835, is said by Ovennann to furnish very satisfactory resnlta, 
and where competent workmen are employed, a good furnace ia said to make a heat in 
two hours, producing neither too much nor too lUtle cinder in tlie fomace. The com- 
pound consists of common salt, 5 parts | oxide of manganese, 3 parts , fine white plaatio 
ela^, 2 paru. The pig ia heated aa in common operations. It la melted down by a 
rapid hMt, the damper ia closed, and the cinder and metal diligently stirred, la the 
meantime above mixture, in small parcels of abont half a poiin^ ia introduced in 
the proportion of one per cent of the iron employed; if, after this, the eiiidar doee 
not rise, a hammer alag (rolling mill cinder) may he applied. 

Tht ** prcecat.— In this opemtioo, which waa the invention of Mr. Joeeph 

Hall, pig iron la ooiiverted into malleable iron without the intervention of the tuflaerji 
and without any exoeesive watte ; it is, therefore, of great value, ecpeoially ae it 
allows of the use of better qualities of pig iron than those usually employed^ The 
oonstrnetion of the ** boiling** ftiriiaoe doee not materially differ flrcui that of the 

puddling ** furnace, except ia the depth of the hearth, that is, iu the distance ftom 
the work plate below the door to the hoUom plate, whicl^ in the fbnner, is d0|^ ^ 
Yotte IL 3 B 
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nvarljr so, that of the latter. In the puddling furnace the dutanoe between the bottom 
and top seldom exceeds twenty inches, while in the boiling furnace it vanes from 
twenty to thirty in pu Idling the inmace is charged with m* tal alone, but in boiling 
cindi / IS charged along with the ini tal, and the temperature rist s much higher 1 he 
bottom of the iiirnici is covered with broken cinders ftora previous workings, or 
with tlu tup cinder from the puddling furnace, which has been subjected to i process 
ol enlcin ition in kilns this material, which constitutes an admirable protection to the 
iron plates of the furnace, is calUd by the workmen "bull dug , ’* its pnparation was 
patented by Mr Hall in 1839 It is made in the following manner the tap cinder 
from tlie puddling furnace is placed in layers in a kiln, and so at ranged that a 
dr night shall pass through fl'om the fire holes on tme side to those on the other , the 
kiln IS filled up to the top with broken cinders and over the whole is laid a layer of 
eoki about the thud or fourth diy the nion fusible pint of the cinder btgins to run 
out of tlu iMiltom holes leaving m the kiln a hno rich porous silicate of iron, which is 
the suhstaiiee used foi lining the boiling fui nice, the fluid portion bemg reiecud 
In 8 or 10 hours the "bull dog* is meltid by the intense heat of the furnace, coviring 
tlu bottom, and filling up all the inUrstices in the bnekwork , tlu hiat is now some 
what lowered fijf* diiiiiiiisliing the draught, and the charge of pig (from 3} to 4^ cwts ) 
introduced in fragments of a eonveiiunt and uniform si/e, togetlur with 30 or 10 lbs 
of cinder , the doors of the f urn ice aie now closed, and all acciss of cold atmospheric 
air prevented, throwing fine cinder or hammer slag round the crevicis, and stopping 
up the work hole with a puee of coal In about a quarter of an hour the iron begius 
to got lid hot , the workman then shifts the pieces so os to bring the whole to a state 
of unitoimity as itgatds heat In about half an hour the non begins to melt , it is 
constantly turned over, and at intervals of a few minutes cinder is thrown m, the sur- 
face of the mass is seen to lie coyered with a blue flame, it soon begins to rise , a kind 
of fermentation takes place beneath the surface, and the mass, at fiistbut S inches 
high, rises to a height of 10 or 12 inches, and enteis into violent ebullition During 
the time that tins " fermentation * is taking place, consUnt stiiring is required to pre- 
vent the non from settling on the bottom The hotVkg lasts about a quarter of an 
ho ir after which the cinder gradually sinks, and the iron appears in the form of 
poiouR spongy masses of ii regular size, which are constantly stirred to prevent their 
•adheiing together in large lunipb, to f icilitate the escape of the carbon, and to sepa 
late the cincfer which, when the operation has been successfully conducted, flows over 
the bottom appiiently as liquid as water The iron is now "balled up,’* as m the 
operation of puddling Ihc obiections to the boiling piocess are the wear and tear 
in tlu fuinaee which occurs m treating giey pig iron particularly that of the moie 
fluid desciiption, the slowness of the operation, and the amount of manual labour 
'wliieli It entails to produce good results In some woiks the crude iron » run di- 
rectly into the boiling furnace from the blast furnace, by which much saving of coal 
IS effected, and a product of a more unifoim quality obtained , but the labour of the 
woikman becomes moie oppressive from the additional heat to which he is subjected 
ft'om the close proximity of the blast furnace Ironmasters are not agreed as to the 
respective merits of the " boiling'* and "puddling" systems, some maintain that the 
former is more economical than the latter, which involves "lefining, ' others think 
that boiling iron has a tendency to communicate to it the " red short " quality Ac- 
cording to the obsei vations of Mr Truiran, in several works wheie both methods are 
«mp1o\ed the laigest quantity ol iron is first passed through the refinery. 

Mr Hall^j|A inventorof the boiling system, in descanting on the merits of his pro- 
cess de6cri|||How, with the same pig, the iron may be made weak and cold short , 
'Ol tough, ductile, and malleable For the first proceed thna — Pass the pig through 
the refinery, then puddle agreeably to the old plan on the sand bottom; that is, melt 
It as cold as possible , drop the damper quite close before the iron is all melted, 
iron as expeditiously as may be, with a large quantity of water, and, lastly, pro<^ 
to ball in a proper number of " young " balls , the result will be a very infenor quality 
of manufactured iron On the other hand, to produce a malleable iron of very 
quality, first charge the ftirnace with good forge pig iron, adding, if ^ 

auffloienoy of flux, increasing or diminishing the same in proportion to the quality 
and nature of the pig iron used Secondly, melt the iron to a boiling oonsistene) 
'1 hirdly, clear the iron thoroughly before dropping down the damper. Fouiwlv* 
keep a plentiful supply of fire upon the grate Fifthly, regulate the draft of too 
furnace by the damper Sixthly, work the iron into one mass, before it is divi^ 
into balls , when tlius in balls, take the whole to the hammer as qniokly as poi^^ 
after which roll the same into bars. The bars being cat into lengths, and piwo^ 
the dcsind weights, are then heated in the mill furnace, welded aM eomptes^ ^7 
passing through the ndls, and thus flniihed for the market In Una way> ftom tn^i 
to the finished mill bar, one entire process that of flie rsftnery, is saved# Mr# 
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Ktntci that, hy hii proceu, he can obtain tnalltabit iron of any chafittte^ (premislnf* 
tlnr t)ic on^ from which the pig m eniclud m of good quality)* tiom the aoftneaa of 
bad to the hardiKss ot Hteil, and tnrtbtr that he can axhihit wfler* nt qhaltfiev in the 
kaiiii bar out end btiiig civAtilliue, marly ai brittb ns ghiaa« tbt other end equal to 
the best iron that i in bt pniduinl i >r fibre and t u i iy« irhile the middle exhibits n 
( haracurapproximjtmgto both , and as a fiirther lUiMtiation ot the e set lit nee of the 
iron that may be mi<ie by the * pig boiling * pmeess, In refhrt to a spctmien in tbi 
Oiologual Mull uni* Jermyn Htrctt, londox^ labelUKl *%Mfhlien td two and a 
qinitrr inch rouml iroDf tied cold mamifhetntred it iho fUdeeafleld lion Works 
1 1 } t 111 SiaiTor hhir 1 hut spec iinin has been ealUd a * ^tathirr'shii knot * it 
malt from a bai tvo itiehiH and a q larttr in diXmeur, ad near!) stun inebes in 
t lit uint« r nt e * also t i * l*uni.bt.d U u * half iiu li tbu k m ule «i one piootssfor tlu 
HniitltY* comment iitg with a hall nicb punch, audtcmnnnt ng wiih one six and a b ill 
without exhibiting the siigbttsi liaeturi 

Mr Hull WHS kd to the diMOvery of tbo ^Moiliiii nnciptc, bv notiting tb 
t s iigl) ht|[ t i bio w hu U took plact on Biibu cti g pii Idling fhmacc bl ig to a 
b gii il .1 t ol h< It and tin c\ccllencc ol ibe 11 > m ot iron prodm|^ by the opim 

tin It Oil orred to him that if suck gc o I non t ul i Im made from i ind r alont, a 

sirv snitror pniduot ought to be obtuinid Iroin g<Kd pig iron, with t pi illy gmid 
duxts and the lesult of txpi rimeots fully insvrtttd hia expectation, thoiigb lor a long 
tunc he wnb iinabl to inikt hib lis overt prate t cully useful, on account of the d 1:1 
culty of gttting fnmt t* contitriuttd ci(nlU ol rendering tbo tntiii t biatnquirul 
and the corKHlmg attn ii ol the fluxes l*uddliiig tiirnaccs were thm made ot brick 
andclaj withsind Initt n s 1l< Rucc&tdtd at last by lining theinUnorol the furnace 
w th irou, and ptoi <t ig tlu in with a totting of prepared tap cinders 

In Amciua tht * pud Hang md *M)oiliiig piocesKs arc laoth lu u*e Overman 

M>cb prefcunci to the litter is being the moat profit iblc but it can only be om 
ployed to a limited extent loi laiek of cinder, in a rolling mill forge, therefore, half 
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the furnaces are employed for boiling and half for puddling, the Utter supplying 
tiudtr for the former In tlie eas ern states where the fhel is anthracite, double 

pudding fhroaces are em- 
ployed and a bUst is used the 
incombustibility of this yarlety 
of coal renderiDg it impos- 
sible to ^ the requisite heat 
by mer^y the draught of the 
chimney F\g 1028 represents 
an anthracite fiimace oiiected 
svrttcally through thO grate, 
hearth, and chimney. ItufFers 
fiom the ordinary paddling 
furnace chiefly in the greater 
depth of the grate, which is 
made to eontJn from twenty 
to twenty-four inches of odsL 
and m the lesser height of the chimney, which, as a blast is employed, need cmlg 
h' sufficiently high to carry the hot gases out of the fornaee , the letters a- a, d. & 
a indicate the posmou of the iron croea hinders, which serye to bmd together the 
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ciMt iron platofl of the enclosure, and to prevent the sinking of the roof from the 
expiinsion and contraction of the brickwork. 

The blast inaohines are fans, the best form of which is sliovirn in fig 1029. (Over-^ 
tpan^) 'I'hc wings of this fan arc encased in a sepaiate box ; a wheel is thus formed, 
^brcii rotates in the outer box, the figure shows a horizontal section through the axis. 
The wings are thus connected, and hum a closed wheel, in which the air is whirled 
round, and thrown out at the ])uriphery. The inner case, which revolves with tho 
wings, IS fitted as closely as possible to the outer case, at the centre near o, a, o, a. 
The speed of the wings is sometimes as much as 1800 revolutions per minute. The 
motion of the axis is produced by means of a leather or india-rubber belt and a pulley. 
'J'his variety of fan is used at the puddling furnaces at Kbbw vale, where t)i«* fuel is 
small coal. 

Fig. 1030 is a horizontal section of the double anthracite puddling furnace. The 



grate measures 3 feet by fi. The width of the furnace externally is from 5A to 6 feet. 
The hcartli is usually G feet in length It has two work doors, one directly opposite 
the other. Two sets of workmen are required therefore at the same time; double 
the quantity of metal is charged, and the yield is twici that of a single furnace ; the 
economy is in the room, fuel, and labour ; one good puddler only being required to 
manage the operation. Double puddling furnaces arc also used in several works in Eng- 
land, but as Mr. Truran observes, the economical advantages attending them in 
point of fuel are lost if the puddlers do not work well to time : they niust bring their 
beats to the respeotive stages simultaneoasly, for if one is kept waiting for a short 
period by the other, the loss in iron more than balances the reduced consumption 
of coal. This difficulty of obtaining men who will work well in concert 1ms 
operated against the use of tho double furnace, which would otherwise certainly 
supersede the single i as, combined with the process of running the iron in liquid from 
the blast lurnace, the consumptimi of fuel is under the one half of the quantity 
demanded with single furnaces. 

Puddling furnaces are sometimes constructed with what arc called “ water boshes." 
The hearth is surrounded w4th heavy cast iron plates, in which is formed a passage of 
an inch or an inch and a half bore, through which a current of cold water is caused 
to flow, tlie object being to protect the furnace from the destructive action of the heat 
and cinder. Overman found such furnaces to work well with frisible metal such as is 
produced from a heavy burden on the blast furnace, or from ores containing phos- 
phorus ; but w^ Iron requiring a strong heat, such as results from a light burden on 
the blast when it contains impurities firmly and intimately combined, 

puddling fMaocs with cooled boshes failed to make good malleable iron. 

We do not know whether the iron manufacturers in England will assent to the fob 
lowing proposition laid down by the American metallurgist, viz. ** That the smaller 
the amount of coal consumed, or the lower the temperature of the hearth in the blast 
furnace, tlio better will be the quality of the metal ; that is, the more fit it will be- 
come for improvement in the puddling fhrnace. The advantage of heavy burden m 
the blast furnace, is not only that it rcdncei the first cost of the metal, but makes a 
far superior article for subsequent operations. The worst cold short, or sulphurous 
metal, smelted by a low heat, is quite as good as the best metal from the best ore 
smelted by a high temperature." Whatever may be thought of the latter part of 
this quotation, no iron manufacturer will deny that cartful attention to the bust 
furnace is the best security of sneoess in the puddling furnace, and that success in 
the one is in proportion to the economy observed in relation to the other. Sec 
Puddling nv Machinery. 

In the autumn of 1856 the attention of ironmasters was powerfiilly excited by e 
proposal from Mr. Bessemer to niannlheture asalleable iron and iteel frem crude iron, 
without fuel. The first experiment was only partially sueceetful, but 2fr. Beieemci'* 
conscious of the correctness of kds principle, pursued his investigatione with mwi- 
minished zeal, and the result is that he is sewatded by the most decided soooessi See 
Steel. 
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Dne (if the objectious urgccl aga'n^t the neisenwr process was that the high tern- 
IKTuture to which the iron was subjected destroyed its fibrotti obaracter. 

It in more than probable that iron containing only 0*0l6 per cent, of carbon has 
almost lost the property of becoming fihious by any treatmoftt; for without going so 
far as to assert that the deyclopmeut of fibre depends on the prescove of carbon, or that 
carbon exercises a specific fniiction iii bringing about this molecular condition of the 
iron, anal} sis stiows that the toughest ana doit flexible bar iron eoutains a fhr larger 
quantiu of carbon than that above indicated, gs will be secu hf the following analyses 
by Gay-Lttssoc, Willson, Karsteu, and Uromeii. 


Amount (\uhm ia Dm hm 

l^ist bar iron flrom Sweden .... . . . 

Pt M " ‘ ' 

Rir iron from ('n MS - - - 

iMr iron from t'hiiuijMgne - ... 

har iron 1n‘»ii lterr\ - • • - „ - . 

< o/(/ sAurf bai lion from Moselle- - - . - - . 

.S.i/< bar iron anal} hi d by Karsten - .... 

ftotd bar iron by Karsten 

'i hiee diffeiretit > iiieties produced fhun wbiti pig uoh by the Swabian 
melh<»d of rttinin/', an«l}std by ItionuMH - - - - - - 

'J Iiieo different eaileties produced lioiu white pig iron by the Swabian 
iiiethdd of refrinng, aiin<>be(l by liromcis - - . . . . 

I'hrce difiereni %uruii b produced from white pig iron by the Swabian 

method of retiuing, auai}sed by Broineis 

Three varieties produced from various kinds of pig iron by the Miigde* 
sprung method of rofiinng • - - - - - . 


Carbmi. 
U’S9a 
0‘240 
OM&U 
0 1<J» 
(rlf>2 
0 144 
0-2(10 
0 dOO 

0 31# 

0-354 

(I 43 

0 324 


MarhtneH for Jvryimj and rmdenaing iron. — To prepare the puddle balls for the 
rolling nulls, they ha^e to unde go the process ** sliinglirig ; " or ** blooming ; ” this is 
(tfcctcd cither by the hammer or by the squeezer: the latter has almost entirely 
su|M*r8eded the former, as it effeets the object at less cost, though, perhaps, with hardly 
such good results as to quality. These mechanisms are moved either by steam 
engines or by water-wheels. We shall offer some detnils concerning them. 

The in-iin driving shaft usually carries at either cud a large toothed wheel, which 
communicates motion to the difleient machines through smaller toothed wheels. Of 
these there are commonly six, four of which drive four different systems of cylinders, 
and the two others work the honiiiier and the shears. The different cylinders of an 
iron work ahoiild n(*ver be placed on the same arbor, because they are not to move to- 
gether, and they must have different velocities according to the diameter. In order to 
(conoiuiHC time and facilitate labour, care is taken to associate on one side of the 
inutive machine the ham hot, the shears, and the reducing cylinders, and on the 
tit her side, to place the sevtial syhteins of cylinders for drawing out the iron into 
ha^^. For the same reason tlio peddling furnaces ought to be grouped on the side of 
the hammer ; aud the reheating furnaces on the other side of the works. 
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'1 he hammers, fiy 1011, are made entirely of east iron ; they are nearly 10 feel long^ 
uod consist usually of two parts, the hehe r, and the head or pane d. The latter 
enters with friction into the former, and is retained in its place by wedges of iron or 
wood! The head consults of several faces or planes receding from each other, for 
the purpose of gning different forms to the ball lumps. A ring of oast iron a, called 
the (om rin9 frop, bearing movable cams h &, drives the hammer by lifting it np 
round its fulcrum /; and then letting it fall alternately. In one iron work, this ring 
was found to ho *1 feet in diaimtcr, 18 inches thick, and to weigh 4 tons The weight 
o( the helve (handle) of the corresponding hammer was 3 tons and a half, and that of 
tlu head of the hammer 6 hundred weight. 

Tlie anvil e consists also of two parts , the one called the pane of the anvil is the coun- 
t( I part ot the pane of the huinmei , it likewise weighs 8 hundred weight The sec ond 9, 
named the stock ot the anMl, weighs 4 tons Its form is a parallclopipcd, with the 
cadges rounded 'i he Mmm or rough ball, from the puddle furnace, is laid and turned 
about upon it, b> meins of a lod of 11 on welded to each of them, called a porter Since 
the weight of tlu so puces is very great, and the shocks very considerable, the utmost 
piceniitions should be taken lu setting the hammer and its anvil upon a substantial 
m IBS of iiiusoiiry, as show n in the figure, over which is laid a double, or even quadruple 
flooring of w ood, formed ot beams placed in transverse la^ ers close to each other Such 
beams possess an clastic force, and thereby paitially destroy the injurious reaction of the 
sboek In some works, a six-feet culic of cast iron is placed as a pedestal to the anvil. 

Forge bimniers are very fVequently mounted as levers of the fiist kind, with the 
centie of motion about one third or cnie-fouith of the length of the helve from tlie cam 
wheel 'J he pi inciple of this construction will be understood by inspection oifig 1032. 
The abort end of the levir which is struck down by the tappet c, is driven against the 
end of an clastic beam a, and immediately rebounds, causing the long end to strike a 
huidet blow upon the anvil v. 

i ty, 1032 is the German forge-hammer , to the left of 1, is the axis of the rotatory 
1039 ~ cam, 9, 3, consisting of 8 sides, 

y'' ''X. formed of a strong brood bar 

/ \ of cast iron, which are joined to- 

gether to make the octagon wheel, 
jl® n '*1^ 4, 6, b, arc cast-iron binding rings 

j \ ST 1 Made fast by wooden 

f IlT \ ^®dges; 4,6, are standards of the 

^ 1 If j vrork e, /, i», in which the 

y ^ ^ ' helve of the forge hammei has Its 

I - ^ j fulcrum near «. A, the sole part 

JgmSaBSir N frame Another cast-iron 

1 base or sole is seen at m a is a 

strong stay, to strengthen the 

-J. frame woik. At r two parallel 

V hammers are placed, with cast- 

iron beads and wooden helves, s is the anvil, a very massive piece of cast iron. 1 11 
the end of a vibrating beam, for throwing back the hammer from it forcibly by recoil 
J y IS the outline of the water-wheel which drives the whole. The cams or tappets arc 
shown mounted u]ion the wheel 6, y, 8 

Sfitieezeta are machines which condense a ball by pressure. They arc either single 



a single level sqneeier of the simplest oonstntetion ( the bed plete a b ceit i® 
piece} It is 6 feet long, 16 inches wide, and 19 incbei high* Tile whole to eerewe* 
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di>wn on a iolid ftnindatton of itone, brick, or timber t b to ^ arhich 

mokes from 80 to 90 rootioDs per minate. UIm motton to tmpnrUM vf Hw enak e, 
which in turn la driven bj Dii«iis of a strap and pulley by thooltmonlanMm. The 
diameter of the fly wheel la flrom 3 to 4 feet The anvil d to abotti two mal la toagth 
and frtim 19 to 11 lutbes m widths it la a movable ptatOi at toaat 8 iaeims thick, 
which if isgured can be replaced by another s the Ihoe of the working jmrl of the lever 
exactly flu the anul, and conaiau of platei attaehed by meaiia dr aerewa It lo 
desiiable to have all these face plates in smallpiTtoof 8 or 10 iachei in width, bg tine 
nitiiins they are secured against britiLiug by ewpaasion und oontraolioii. The whole 
iiiui blue, including the crank and evir> thing, to made ot cast iron, tad weighs ftom 4 
to r» tons According to Overman this mschlaa to both cheap and durable, and will 
^(|uee/e 100 tons (»f iron pei week. 

I tg 1034 represiiiU the double st^ueeser, employed at many Englisli iron works. 
Ihe drawing to taken from a machine at tlie Dowlais ion works, flgared in Mr. 
'J'l unin’s work* Many other fbrms are in ose. 




siderable of time, will do the work of IS or 14 fhmaces, and may be ooMtantly 
going as a feeder to one or two pairs of rolls. There are two dtoS^ fbrms 
mjehme, in the one figuted the bloom receive. 

“ tqneesed fonr timea 

and faUe wwa the Jacob s ladder* .4itolher form of sqneeaer to •bown inilir iftaa 
A toble A A with a ledge rising np from it to a hiiwht 


-I- ■ laaaer* ^noioer form or sqneeaer to shown In At imia. 

u opra boa, to firmly unbe^ed in mssoniy j wjC]£i this to a rsvM^^V 

««di .mW ttan th. irt p|«ed 


“ to 
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It The ball or bloom n ii placed l)ctwcen the innermost revolving box o and the outer 
cue 1. A where the apace between them u greatest, and is carried round till it emerges 
at lb, compressed and ht tor tlic rolls 

Cylindera — The compression between cylinders 
now effects, in a few seconds, that condensation and 
distribution of the fibres, which 40 years ago could 
not be accomplished till after many beats in the fur- 
nace, and many blows of the hummer The cylinders 
may be distinguished into two kinds 1, thosi which 
serve to draw out the ball, called puddling rolls, or 
roughing rolls and which arc, in fact, i educing cylin- 
deid, i, the cylinders ot extension, called foUerg, for 
drawing into bars the massive non alter it has re- 
ceived a welding, to make it more malleable Ihis 
second kind ot cylindeis is subdivided into several 
lanitus, Bccoidingto the palteins ol bar non that 
are* required 1 heac may vary from *2 inches square 
to less than one sixth of an inch 
Hencatb the cvlinUcis there is usual!) tbrmed an oblong fosse, into which the scone 
and the scales tall when the iron is compressed The sides ot this fosse, constructed of 
stone, are founded on a body of solid masonry, capable of supporting the enormous 
loud ot the ( ) lindeis Ileafns of wood form in some me asure the sides of this pit, to 
which cylinders may be m ide fust, by securing them with screws and bolts Massive 
liars ot c ast iron are found, liowever, to answer still better, not only because the up- 
rights and bearers may be moie solidlv fixed to them, but because the basement of 
heavy metal is more difficult to shatter ot displace, an accident which happens fre 
que fitly to the wooden btams A rill of water is supplied by a pipe to each pair of 
lylinders, to hinder them from getting hot , ns also to prevent the hot iron from ad- 
hering to the c} finder, by cooling its surface, and pethapa producing on it a si ght 
lie glee ot oxidise meiit 

I he shafts at e 1 toot in diameter for the hammer and the ronghing rolls , and 
6 inches where the) communicate motion to the cylindeis destined to diaw the iron 
into bars 

llie toughing rolls are emp’oyed either to work out the lump or ball immedmtilv 
afiir It leaves the puddling tumaec, ns in the Welsh foiges, oi only to draw out the 
piece, after it has been shaped under the hammer, as is practised m most of the 
btalfordshire istablishments Ihese roughing cylinders aie generally 7 feet long, 
including the trunnions, or 5 feet between the bearers, and 18 inches diameter; and 
weigh m the whole tiom 4 to tons They contain from 5 to 7 grooves, commonly 
of an elliptical form, one smaller than another in regular progression, as is seen in Jig. 
1037 '1 be small axis of each ellipse, as formed by the union of the upper and under 

grooves, is always placed in the vertical direction, and la equal to the great axis, or 
horizontal axis ot the *»ucceeding groove , so that in transferring the bar from one 
groove to another, it must receive a quarter of n revolution, whereby the iron gets 
elongated in every direction Sometimes the roughing rolls serve os preparatory 
cylindeis, in which case they bear towards one extremity leetangular grooves, as th« 
figure exhibits Several of these huge grooves are hestudded with small asperities 
analogous to the teeth of files, for biting the lump of iron, and preventing its sliding 
On a level wiA t|||||mnder side of the grooves of the lower cylinder, there is a plate of 
east iron witl^lotches in its edge adapted to the grooves This piece, called the apron, 

1 ests on iron rods, and serves to support the balls and bars exposed to the action of 
the rollers, and to receive the fragments of lU-welded metal, which fhll off duriQg the 
drawing The housing frames in which the rollers are supported and revolve, are 
made of great strength 'J heir height is 6 feet , their thickness is I foot in the side 
tierpendicular to the axis of the cylinders, and 10 inches in the other Each psii* nf 
liearers la connected at their upper ends by two iron rods, on which the workmen rest 
their tongs or pincers for passing the lump or bar from one side of the cy Un^rs to the 
other 

The cods or bushes are each composed of two pieces , the one of hard brass, which 
presents a cylindrical notch, is framed into the other which is made of cast iron, as is 
clearly seen in >fp 1037 * 

The iron bar delivered from the square grooves, is cut hy the shears tplQ short 
lengths, which are colleeted in a hanSU in ordei to be welded together ^en this 
bundle of bars has become hot enough fai fornaoe, it is oouTeyed to the rollsrs, 
which differ in their arrangement according as they an d^eiat to draw IfW • 
large or amun piece The first, fy |«37, possess both dtMilA sad reetifiguler 
grooves, an I foot in diameter and 8 feet long between the bearers. Thebsf 
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finished under these eylinden, but » transferred to another pair* vboie grooroa have 
the dimensions proper for the ban with a round, triangular* rei^taMolav, or 611et 
^rm. The triangular grooves made use of for aquare iron, ba've for todr proflie an 
Hosceiss triangle alightiv ohtiise, so that the spaoe lef^ by the taro groons together loay 
be a rhombus, differing litile from a square, and whose aotolter diagnnal it vertical. 
When the bar is to be passed successively through several grooves of this kmd, the 
1 irger or honfontal diagonal of each following groove is lUMe equil to the smaller of 
upright of the preceding one, whereby the iron must lie turned one fbuith round at 
each successive draught, and thus receive preasnre in opfUMite diftottonS. Indeed the 
liar m often turned m succession through the tnmgiilar and leeUniguiar grooves, that 
Us fibres may bemoie accurately worked together. The decreaieot m the capacity 
of the grooves follows the pioportton of I f» to 11 

When It IS inti nded to reduce the iron to 1037 


a small rod, the oy linden have such a dta- 
iiKtei that throt may he set in the same 
hoiisiitg franu 'I he lower and middle 
4.)JiQdera are employed as roughing rollers, 
all lie the upper and middle ones are made 
to draw out the rod Wbm a rod or bar is 
t< he drawn with a channti or gutter in ite 
f u i, the grooves of the rollers are suitably 
loi mid 

J o draw out s(|Marc roils of a very small 
si/e, Hs nail i oda, a svsti in of small rollen 
m (inployed called nhUfm Their ridges 
ail sharp-idged and cnti r into the opposite 
giooves 2) inches deep , so that the flat bar 
in passing betwitn such rollers is instan- 
taneously divided into several slips For 
this pur|K>8e the rollers represented m 
10)8, may be put on and removed from tlie 
abaft at pleasure, 

1018 


The velocity of the cylm 1* varies with 
their dimensions. In one work, oylindeis 
for drawing out iron of from oue-third to 
two-tbirds ^ an inch thick, make UO re- 
volutions per minute ; while those Ibr iron 
of from two-thirds of an inch to 3 inches, 
make only 69 In another work, the 
cylinders tor two inch iron, make 95 revo- 
lutions per minute \ those for iron from two- 
thirds an inch to an inch and a third, 
make 128, and those for bars from one-third 
to two-tfairds of an inch, 150. The rougA- 
inq rollera move with only one-third the 
velocity of the drawing cylinders. 

The shingling and ptote rolling mill is 
represented in^. 1087. The shingling mill, 
for converung the blooms from the hailing 
ftimaoe into bars, consists of two sets of 
grooved cylinders, the first heiog called 
puddlmg rotla or nmgAiRg rolts t the second 
are for reducing or drawing the iron mto 
mill-bars, and are called dimply rolia. 

< 1 , 0 , 0 , 0 , are tbe ]MiweffM nnnglili or 
standards called Aeosaig/hesms* of cast iron, 
in which the gudaeona or the rails are set to 
revolve, are bolt rads fisr hmd- 
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ing these fhunes together at top and bottom ; e, are the rooghing rolls, having each a 
series of triangular grooves, such that between those of the upper and under cylinder, 
rectangular concavities are formed in the circumference with slightly sloping sides. 
The end groove to the right of c, should bo channelled like a rough Ale, in order to 
take the better hold of the blooms, or to bite the metal as the workmen say ; and give 
ft the preparatory elongation for entering into and passing through the remaining 
grooves till it comes to the square ones, where it becomes a mill-bar. r/, are the 
smooth evlinders, hardened upon the surface, or chilled, as it is called, by being cast in 
iron mouklB for rolling iron into filates or hoops, e, e, e, e, are strong screws with 
rectangular threads, which work by means of a wrench or key, into the nuts d e' d d, 
fixed in the standards ; they serve to regulate the height of the plummcr blocks or 
bearers of the gudgeons, and thereby the distanee l^ween the upper and under 
cylinders, f is a junction shaft ; g, g, are solid coupling boxes, which embrace the 
two separate ends of the sliafts, and make them turn together. A, A, are junction 
pinions, whereby motion is communicated from the driving shaft through the 
under pinion to the upper one, and thus to both upper and under rolls at once, i, f, 
(ire the pinion standards in which their shafts run ; they are smaller than the uii- 
nghts of the rolls. A, A, are screws for fastening head pieces / to the top of the 
pinion standards. All the standards are provided with sole plates m, whereby they are 
screwed to the foundation beams n of uood, or preferably iron, as shown by the 
dotted lines ; o, o, are the binding screw bolts. Each pair of rolls at work is* kept 
cool by a small strt'am of water lot down upon it from a pipe and stop*cock. 

In the cylinder drawing, the workman who holds the ball in tongs passes it into the 
first of the elliptical grooves, and a second workman, on the other side of the 
cylinders, receives this lump and hands it over to the first, who repasses it between 
the rollers ailer bnnging them somewhat closer to each other by giving a turn to the 
adjusting pressure screws. After the lump has passed five or six times through the 
same groove it has got an elliptical form, and is called in England a bloom. It is next 
))a<iscd through a second groove of less sise, which stretches the iron bar. In this 
state it ia subjected to a second pair of cylinders, by which the iron is drawn into 
fiat bars four inches broad and half an inch thick. Fragments of the ball or bloom 
tall round about the cylinders, which are afterwards added to the puddling charge. 
In a minute and a half the rude lump is transformed into bars with a neatness and 
rapidity which the inexperienced eye can hardly follow, A steam engine of thirty 
horse power can rough down in a week 200 tons of coarse iron. 

This iron, called mill-bar iron, is however of too inferior a quality to be employed 
in any machinery, and it is subjected to another operation, which consists in welding 
several pieces together, and working them into a mass of the desired quality. The 
iron bars, while still hot, are cut by the shears into a length proportional to the size of 
the iron bar that is wanted, and four rows of these are usually laid over each other 
into a heap or pile which is placed in the re-heatmg furnace, and exposed to a free 
circulaiion of heat, one pile being set crossa ise over another. In a half or three 
quarters of an hour the iron is hot enough, and the pieces now sticking together are 
carried in successive piles to the bar drawiag cylinders to be converted into strong 
bars, which are reckoned of middle (jnality. When a very tough iron is wanted, as 
for anchors, another welding and rolling must bo given. In the re-heating ovens the 
loss is from 8 to 10 per cent, on the large bar, and from 10 to 12 in smaller work. 
I'he consumption of coals in heating the large piles averages 7 cwts. to the ton of iron 
charged ; in tl^maller sizes 10 cwts. ; and in heating the guide rolled iron 13 cwts. 

The re-hcatip furnace is shown in section in Jig. 1039 : it difi'ers but little fh>m a 
puddling furnace. The whole interior, with the exception of the hearth a, is made of 
1039 fire-brick; the hearth is made 

of sand. For this purpose a 
pure siliceous sand is required ; 
the coarser the better. The 
hearth slopes considerably to- 
wards the fine, the object of 
which is to keep the hearth d^ 
and hard. The kon wasted in 
re-heating combines with the 
silica of the sand, forming a 
very ftisible einder, which flows 
off through the opening et A, 
at which there is a email Are to 
keen the eMer liqvlA The 
. , thioktieaeiif the sand bottom n 

from 6 to 12 inches, resting on flre-brick: it gemiilly requires re-makuig aftsr two 
or three heats. The height of the flre-brlok arch, or its distance foom the sand 
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bottom, ii from 8 to IS inebcf. The ftroft of the Are-pleee lYeiifCi 19 feet, and the 
width of the furnace varies from 5 to 8 fret. When the pilee are chaffed into the 
furnace the door is shut, and floe coal is dusted around iti edges to etelmle the cold 
air ; the temperature is raised to the highest intensity as quiekly ee pomihle, and 
the workman tarns Uie piles over from time to time that they sssy he brought to on 
uniform welding heat in the shortest possible tim& 

It is thought by many that a purer iron is obtained by sali|)eetifm the balls as they 
(*ome out of the puddling frimaoe to the action of the hammer at met mther than to 
the roughing rollers, as by the latter process vitrified sihicks remain in the metal, 
M hu h the hammer expels. Hence in some works the balls arv first worked under 
the lorge hammer, and these Bttmptnya being afterwards heated in the form of pies or 
c iken piled over eoeh other, are passed through the ronghmg mills. 

Burs intended for boiler or tin plates art* n^e from the best cold blast mine iron, 
'fhe raw pig is refined in the usual manner with coke, the loss aiuoiinting to from 
2’ to *1 ewts. per ton. It is then refined a second time with charcoal, the loss 
nniouiiting again to from 2^ to 8 owts. per ton. After this seeond refining it is beaten 
into flat plates white hot by the tilt hammer and thrown into cold wafer ; the sudden 
chilling makes it more easily broken into small slabs. The slabs are piled in beaiis 
and welded m the ho/low fire, coke being the fliel ; tho^ slabs are laid across the fire, 
ainl do not como into contact with the , the blast is thrown under the fuel, and 
the heat is immense ; when the piles are nearly at the fusing point, they are with- 
drawn and passed under the rollers ; they are again heated in the hollow fire, then 
again rolled and heated a third time in the oMinary reverberatorv fUrnaee, after 
which they are drawn out into fiat bars for boiler plates, or for tin plate: the loss in 
these operations amounts to from 3) to 4 cwt. per ton. About 9 heats are ac« 
complished in 12 hours, each heat consisting of 9^ ewts. of refined metal, and con- 
suming 5 baskets of ehureoal. 

The bam intended for tin plates are repeatedly heated and rolled until of the 
requisite thinuess, the plates are then cut into squares, and annealed by exposing 
them for several hours to lu at in covered iron boxes, being allowed to coot very slowly ; 
this gives the plates the proper degree of pliancy. ^ The next operation is that of 
pirUing ; the plates aw immersed in dilute salphurio acid for the purpose of re- 
moving from their surfaces all oxide and dirt ; after remaining in the acid for the re- 
quisite time, they are thoroughly washed in successive troughs of water, and then 
lined in sawdust ; finally the surfaces of the metal are prepared for the reeeption 
of the tin, by rubbing them with leather upon cushions of sheepskin. The spent 
sulphuric acid is run out into evaporating pans, and the sulphate of iron crystallised 
out. In order to tin the plates, they are immersed in a bath of melted tin, the snr- 
fa^e of which is covered with tallow or palm oil ; when sufiBciently covered, they 
aic tiansferred to the firusAer on the left nand side of the tinner \ he passes a rough 
hi iish rapidly over each side of the plate, whereby the superfluous tin is removed ; be 
then plunges the plate again into the tin bath, and passes it og to his left band neigh- 
bour, who gives it a washing Tlie plate passes through several hands before it if 
dried. Great skill is re(|aiied in the tinning process ; nevertheless in a well-conducted 
work the trriAters do not amount to more than 10 per cent ; a small percentage of 
which are so bad as to require to be reworked. Great care is taken to avoid waste, 
tin being worth 1501. per ton. A box of 825 sheets of tin platei 10 inches by 
14 consumes about 8^ lbs. of tin. See Tin Platk. 

The processes pumued in the smeking works of the Continent have freqoently in 
view to obtain from the ore malleable iron directly, in a pare or nearly pure sta te. 
The furnaces used for this purpose are of two kinds, called in French, 1. Ftux d» 
LovpeM^ or Forgr§ CdtaUineat and 2. Fawmeaux d yiAce, or Fwgta AUmaidu, 

In the Catalan, or French method, the ore previously roasted in a kiln is afterwards 
strongly torrefied in the forge before the smelting bemns \ operations which follow in 
immediate succemion. Ores treated in this way shomd be very ftisible and very rich ; 
such as black oxide of im. hamatites, and certain spnth^ iron oren From 100 
parts of ore, 50 of metallic iron have been proeured, but the average product ia 85, 
The furnaces employed are rectangular hearths,^#. 1040 and 1041, Uie Water-blowing 
machine employed to give the blast Sro MsTALLiraoT. Them are thrro 
varieties of this forge : the Catalan, the Navsrrese, and the Bisoavan. The 
of the first, the one most generally employed, are as follows: 81 inehes long, In the 
direetion 1041 1 18^ broad, at the bottom of the heartb or mmL in the Unt 
ABjandl? inchm deep,>!p. 1040, The tpy^re, 9 placed Otinekeaabove the bottom, 

w ^ its aw is dirtied towa^ the opposite side, abom % todMi ebove tba bottom. 
But it must be movable, as lU hicliiiatimr fieeds to be ehanM, aoeording to th# aiaM 
oft^opendion^or^quBBtity oftbeoios. It* la often fiM or lowcA wiSiMkS 

ofclgyi ladevenwitkagradiiaiedetioli^for the workmen amke a great mysto^rS 
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tlji'B matter. The ho^rth is lined with a }a>cr of brasque (loam and charcoal dust 
worked together), and the ore after being roasted is sifted ; the small powder being set 
aside to be used in the course of the operation. The ore is piled up on the side opponite 
to the blast in a sharp saddle ridge, and it occupies one-third of the furnace. In the 
remaining space of two-thirds, the charcoal is put. To solidify the emati ore on the 
hearth, it is covered with moist cinders mixed with clay. 



The (ire is urged with moderation during the first two hours, the workman being 
eontinuully employed in pressing down more charcoal as the former supply bums 
uwiiy, so as to keep the space full, and prevent the ore from crumbling down. Hy a 
liliibL BO tempered at the beginning, the ore gets well calcined, and partially reduced iii 
the way of cementation. But after two honrs, the full force of the air is given \ 
at which period the fusion ought to commence. It is easy to see whether the torre- 
factinn be sufficiently advanced, hy the aspect of the flame, as well as of the ore, 
w hicU becomes spongy or cavernous ; and (he workman now completes the fusion, by 
detaching the pieces of ore from the bottom, and placing them in front of the tuyere. 
When the fine siftings are afterwards thrown upon the top, they must be watered, 
to prevent their being blown away, and to keep them evenly spread over the whole 
suribce of the light fuel. They increase the quantity of the products, and give a 
jiropcr fusibility to the scorim. When the scorioo arc viscid, the quantity of siftings 
iniibt be diminished *, but if thin, they must be increased, The excess of slag is 
n Mowed to run off by the chio or floss hole. The process lasts from five to six hours, 
after which the pasty moss is taken out, and placed under a hammer to be out into 
lumps, which are afterwards forged into bars 

Each muRs presents a mixed variety of iron and steel ; in proportions which may 
be modified at pleasure ; for by using much of the siftings, and making the tuyere dip 
towards the sole ^ the hearth, iron is the chief product ; bat if tiie operation be con- 
ducted slowly, with a small quantity of siftings, and an upraised tuyere, the quantity 
of steel is nioie considerable. This primitive process is favourably spoken of by 
M. Brongniart The weight of the lump of metal varies from 2U0 to 400 pounds. 
As the consumption of ^charcoal is very great, amounting in the Palatmate or Rhein- 
kreis to seven times the weight of iron obtained, though in the Pyrenees it is only 
thrice, the Catalan forge can be profitably employed only where wood is exceedingly 
cheap and ahniidanf. 

The Faumeaw a pi^e of the French, or Stnrh-ofen of the Germans, resembles /y. 
hia (Coppkr) ; the tuydro (not shown there) having a dip towards the bottom of the 
hearth, where th^niclted matter collects. When the operation is finished, that is at 
least once injcvc^ 24 hours, one of the sides of the hearth must be demolished, to 
take oat the^pisty mass of iron, more or Jess pure. This furnace holds a middle 
place in tlie treatment of iron, between the Catalan forge and the cast 
or high-blast furnaces. The stuok^ofen are from 10 to 15 feet high, and al^ut 8 feet 
in diameter at the hearth. Most usually there is only one aperture for the tuyere and 
for working ; with a small one for the escape of the slag ; on which occoun^ the 
bellows are removed t# make way for the lifting ont of the lump of metal, which is 
done through an opening left on a level with the sole, temporarily closed with bricks 
and potter's clay, while the ftimace is in action. 

This onfelet being closed, and the furnace filled with eharcoal, fire is kindled at the 
bottom. Whenever the whole is in combustion, the roosted ore is introdnoed at tbs 
top in alternate charges with charcoal, till the proper quantity has been introduced. 
The ore fiklls down ; and whenever it comet opposite to the tuybre the slag begins to 
flow, and the iron drops down and collects at the bottom of the hearth into the mass or 
•tuck i and in proportion as this mass incressep, thejfoM Aofe for the slag and the taybre 
18 rained higher. When the quantity of iroajiieeiimulated in the heSith ia Judged to 
be Bufficient, the bellows are stopped^ the aiillm are raked off, the little hrkdt wall Is 
taken down, and the mass of iron is removbaliy rakes and tongS. This mass ia 
flattened under the hammer into a cake ftrom • to 4 inchee thiok, and ia oat Ihta two 
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lamps which are submitted to a new operation ; where H M treated in a peculiar 
rcfiaerj, lined with charcoal hrasqut, and txpoiod to i ucarty hofisontal Mast Ihe 
al>uve mass seized in the juws of powciful ton^ is heated oeifoM tlie tayilkre, a por 
tiou of tho niital flows down to the bottom ot the hiarth, loses its carboo ui a hath 
of rich slags or fust d oxides, and forms tiu reby a ii ass of iron thoroughly refined. 
The portion that remains in the tun^s furniSbei Steel, which is drawn out into bars 

This process is employed m Carmola for smthing a gr miilar oxide <if iiou, Thi 
miss or stuck amounts to from 16 to 20 huadrid*w tight after each otHrutiua of 8t 
h >nrb f ight strong men are reqoii 1 1 to lift it oat, and to i an > t ui dcr a I trgt hammer, 
whe c It IB cut into putts of about t cwt each. Ihtse au otter tards ufiiud, an I 
ill awn into bars as above desciibed Those fhmacts ire n >w almost gtuerall} aban 
<1 lie 1 on the Couiimnt in favour of ihmcttaJ ktph or hfact fut mife 

Fif 1 U42 repn si nts a o htulth f* n (but without the tus 1 1 e, wlm ii may bt supposed to 
1 m 111 the usual plati / and is like all the contincn al 
7/ t 1 mnrxui rt m irk iblt foi the excessive thickniK 
oi til IS >nr\ i I e (1i irgt is put in at the throat ni ii 
th s inimit o( the octagonal or tiiuare cone ivity, lui tl i y 
an liiflde of both foiiiis At the bottom of thi he nth 
theu is n hm stone with its plate, for pcrroittiTig the 
ovirH w of the slag while it confiiieH the sohjdoent fluid 
metal us w< 11 as a L)inp sti in with its plaU which forms 
till k< V to the flout ol the h arih the boshcH arc a wide 
fuiiuil, almost flat, to olstnut tbe easy descent of the 
chirgcb, wlieicliv tin sriuil in/ with charcoal would pro- 
ceed toi rH{ idly liu lottuin of the hearth is cin- 
bttiictcd ot two htge btoms ind the hindei pat tot one 
gn It stone, called in German i uckstun (back stone) winch 
the 1 rcnch liavi ioniqted into titHtine In other coun- 
tries of the Continent, the bosius are frequently a good 
deal mor tapered downw ikIh, and the hearth is larger 
than heie repnscTitcd 1 he refiaetoiv nature of the 
Hartr iron oiis is the reason assigned for this pecu- 
liarity 

111 Sweden there are blast-flirnaces, tcftachtofcn 35 feet in height, measured horn 
the boshea above the line of the hearth, or crevset Their cavity has the form of an 
elongated ellipse, whose small diameter is 8 feet across, at a height of 14 feet above the 
bittom of the hearth, hence, at this part, the inUrioi space constitutes a belly coi re- 
sponding with the upper part ot the ^shes In other nspeets the details ci the con- 
st! action of tbe Swedish furnaces resemble the one figured above Marcher relates 
til It a furnace of that kind whose height was only JO feet, lu which brown hydrate of 
iron {hffmatite) was smelted yielded 47 per cent in cost iron, at the rate of 6 hundred 
weight a day, or 36 hundred-wt ighi one week after anothci , and that In the production 
ot too pounds of east iron 1 to pounds of charcoal were bfinsumed That fuiuace 
was worked with forge liellows, lu unted with leather 

The deoarburatioii of cast iron is merely a restoration of tbe carbon to tho surface 
in tracing invi rscly the same progressive steps as had earned it into the interior dnnng 
th< smelting of the ore The oxygen of the air, acting first at tbe surface of tho 
cast metal upon the carbon which it finds there, burns it fresh charcoal, oozing 
from tho interior, comes then to occupy tbe place of what had been dissipated , till, 
finally, the whole carbon is transferred from the centre to the snrface, and is there 
converted into either carbonic acid gas or oxide of carbon , for no direct expenment 
has hitherto pioved which of these is the precise product of this combustion 

Ihis diffusibilirv of carbon tbrongh the whole mass of iron constitutes a movement 
by means of which cast iron may he refined even wilbonlLnndergoing fusion, as is 
proved by a mulUtude of phenomena Every workman httobsenred that steel loses 
a portion of its steely properties every time it is heated in ctmitact with air 

Co the above principle, cast iron may he refined at one operation. Three kinds of 
iron are susceptible of this continoons process —1 1 he speckled cast-iron, which 
contains such a proportion of oxygen and carbon as with the ox>gen of the air and 
tbe carbon of the fuel may produce soiBcient and com|fiete saturation, bat nothing in 
excess. 8 The dark grey cast iron. 3. The white oast-iron. The nattun of 
ernde metal requires vanaUons both in the form of thi* furnaces, and m the 
pulations 

Indeed malleable iron may he ohMined direedy from the ores bj one ftision. 
This mode of working is prsctised in ||||a Pyrenees to a eonsiderable extent. All tbe 
ores of iron are not adapts for this o|iv«ttQn. Thoaa In whiohthe metalUe Otide ie 
mixed with mnoh earthy matter# do not answer well ( but those compoind of ^ pnra 
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Yilaok oxide, red oxide, and carbonate, anccced much better. To extract the metal 
fiom such orea, it la aufflcient to expoae them to a high temperature, in contact either 
with chaicoal, or with carbonaccoua gaaca, tiie metallic oxide ib apeedily i educed 
But when aeveral eartha are preaent, tbcae tend continually, dm mg the vitiificdtion 
which they auffer, to retain in their vitreous mass the unreduced oxide of iron Weie 
auch earthv orea, as our ironstones, to be put into the low furnaces called Catalan^ 
through which the charges pass with great rapidity, and m which the contact witli 
the tuil is merely momentary, there would b«. found m the crucible or hearth nieuly 
a rich metallic glass, instead of a lump of metal 

In smelting and refining by a continuous operation, three different stages may bo 
distiiigiiiRbcd — 1. The roasting of the oie to expel the sulphur, whuh would be Ums 
i«ibily separated afterwards The roasting dissipates likewise the water, the carbonic 
and, and any other volatile substances which the minerals may contain 2 The tie 
oxidise ment and reduction to metal by expobiiu to chaicoal or cai bun tied vapours 
S The melting, agglutination, and refining of the metal to fit it for the he ivy hamme i s 
where it gels nerve Theie are several fbiges in which these three opciations si cm 
to be confounded into a single one, because, although btill successive, they arc pi u > 
tised at one single heating w ithout interruption. In other forge s, the process! s are pt i - 
foriiied separately, or an interval elapse b between each stage of thewoik lime 
systems of this kind are known to exist ~ 1 The Corsican method, 2 The Catalan 
with wood charcoal , and, 3 The Catalan with coke 

The furnaces of Corsica are a kind of 8e*inicii ctilar basins, 18 inches indiamatr, 
and 6 inches deep These are excavated in an area, or a small elevation of masonry, 
8 or 10 feet long by 5 or 6 broad, and coveted in with a chimney. This area is quite 
similar to that of the ordinary hearths of our blast furnaces 

The tuye^re stands 5 or G inches above the bobin, and has a slight inclination down- 
wards In Corsica, and the whole portion of Italy adjoining the Mediterranean shores, 
the lion ore is an oxide similar to the specular oie of the Isle of Elba I'his oie con- 
tains a little water, some carbonic acid, occasionally pyrites, but in small quantity 
Before deoxidising the ore, it is requisite to expel the water and carbonic acid com- 
bined with the oxide, as well as the sulphur of the pyrites 
The operations of roasting, reduction, fusion, and agglutination are executed lo the 
same furnace These are indeed divided into two stages, but the one is a continuation of 
the other In the fit st, the two primary operations are performed at once ,— the reduc 
tion ol a portion of the roasted ore is begun it the same time that a portion of the raw ore 
18 roosted these two substances are afterwards sppai ated In tbe second stage, the dc- 
oxidiscment of the metal is continued, which had begun m the preceding stage ; it is 
then nulted and agglutinated, so as to form a ball to be submitted to the forge- hammer 
The roasted pieces are broken down to the size of nuts, to make the reduction of 
the metal easier In execnting the first step, the basin and area of the fhmace must 
be lined with a fnatqve of charcoal dust, 3, 4, or even 5 inches thick over this btaique 
a mound is raised with lumps of charcoal, very hard, and 4 or 5 inches high. A 
semicircle is framed round the tuydre, the inner radius of which is 8 or 6 inches 
This mass of charcoal is next surrounded with another pile of the roasted and broken 
ores, which must be covered with charcoal dust. The whole is sustained with large 
blocks of the raw ore, which form externally a third wall 
These three piles of charcoal, with roasted and unroasted ore, are raised in three 
successive beds, each 7 inches thick ; they are separated firom each other by a lay< r 
ot charcoal di^ Aabout an inch, which makes the whole 24 inches high. This is 
afterwards cc||redover with a thick coat of pounded charcoal. 

The blocks of mw ore which compose the outward wall form a slope ; the larger 
and stronger pieces are at the bottom, and tbe smaller in the upper part. The large 
blocks are sunk very firmly into the charcoal dust, to enable them b^r to resist the 
pressure from within. 

On the bottom of the lemioireular well formed within the charcoal hiiDps, kindled 
pieces are thrown, and over these, pieces of black charcoal , after which tbe blast of 
a water-hlowmg machine ((romps) is given. The fire is kept up by constantly throw- 
ing charcoal into the central welt At the beginning of the operation it is thrust 
down with wooden rods, lest it Should affect the building i but when the heat become* 
too intense for the workmen to come so near the hearth, a long iron rake is employed 
for the purpose. At the end of about 8 hours, the two processes of roasting and 
reduction are commonly finished i then the raw ore no longer exhales any ftimes, and 
the ToastPd ore, being softened^ unites into lumps more or less coherent 
The workman now removes the blesM ef roested ore which form the onter cwng» 
rolls them to the spot wfaeie they art to ha hMilten into iSMdl pieces, and palls 
the orosgiie (small charcoal) which snrronnds the mass of redaosd ore. 

^ The smnd operation is executed by oleaning the basin, removbg the slags, eCvC^ 
ing the basm anew with 2 or 3 brasques (coats of pounded chaiaoal^ nni piHng 
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the right and the left two heaps of charcoal diiiL Into the hslerfit hetween these 
conical piles two or three baskets of chan oal are tast, and on its ta|ijoiiio cakes of 
the reduced crude metal being laid, the blast is rtaumed. The cakeB» as they heat, 
undergo a sort of huuntion. or sweating, by the action of the earthy gUum$ on the 
unreduced bUuk oxide present. Very fusible slags tlow down thiough the mass ; and 
the iron, reduced and melted, passe** nn illy through tin eo^s, and falls into the sli^ 
basin below. To the first parcel of eaket othera are added w succession. In pro- 
portion as the slags proceeding iroiu these ran down, and the melted ironlUlsto 
the bottom, the thin slag is run oil by an upper overfiow o- cAm hole, and the reduced 
iron kept by the heat in the pasty condition, reniuins in the 6asiD oil its paru got 
HggUitiiiaUKl. forming a soft mass, winch is removed b> means of a hooked pole in 
ordi r to bi* forged I^ch lump or Ujom of malleable iron letiuires 3 hours and a half 
foi Its production 

riie iron obtained h\ this process is in general soft, icrv malh^iible, and but littlo 
s^ ( 111 1 oisica tout workmen are employed at urn foi gc llm produce of their 

I it uii is oiii) t loni 4 cwt of iron from 10 cwt. of on and 20 of charcoal, mingled 
with wood of biech and chestnut. Though their ute (ontams on an average 65 per 

I I lit of iron, only about 40 parts are extracted, evincing a prodigious waste, which 
leiii iins in the slogs 

'I lie dificrente 1 h tween the Corsican and the Catalonian methods consists in the 
latter toasting iht ore at a distinct opii ition, and employing a second one in the le* 
dm tion, agglnriiialioa, and refining of th« metal. In the Catalonian forges, ItHi ponnds 
of lion Are obtained from U)0 pounds of ore and .310 pounds of charcoal; being a 
pioduec of on)} 3.) per ci ut. It moy be concluded that there is a notable loss, since 
the <tp*irry iron on s which are those pttncipally smelted, contain on an average from 
54 to jb per cent, of iron. The same ores smelted in the ordinary blast furnace 
produce about 45 per cent, of cast iron. 

On the Continent, non is ftequently refined ft'om the cast metal of the blast fur- 
naces by three operations, in three difierent wa>s. In one, the pig being melted, 
wuh aspersion of water, a cake is obtained, which is again melted in order to form 
a second cake. This being treated m the refinery fire, is then worked mto a 5/oow. 

III another system, the pig iron is melted and cast into plates : these are melted anew 
in order to obtain crude balU, which are finally worked mto blooms. In a third mode 
of manufacture, the pig-iron is melted and cast mto plates, which are roasted, and 
then strongly heated, to form a bloom. 

The French fusible ores, such as the silicates of iron, are Tory apt to smelt into 
white oast iron. An excess of fluxes, liyht charcoals, too strong a blast, produce the 
same results. A surcharge of ores which deran«s the furnace and affords impure 
slags mixed with nuiuh inm, too rapid a slope m me boshes, too low a degree of heat, 
and too great condensation of the materials in the upper part of the furnace ; all tend 
also to produce a white cast iron. In its state of pofoction, white eaat iron has a 
siUer colour, and a bright inolallic lustre It is employed foequeutly in Germany for 
the manufacture of steel, and is then called steel JlttUf or lameuar Jlou^ a title which 
it still retains, though it be hardly silver white, and htf eeased to be foliated. When 
Its colour takes a bluish grey tinge, and its fracture appears striated or splintery, or 
when It exhibits grey spots, it is then %Xy\eAJlower Jloee, In a third species of white 
cast iron we observe still much lustre, but its ookmr verges upon grey, and its textniw 
IS variable, lu foaetnre has been sometimes compared to that of a broken cheese. 
This variety occurs very fVequratly. It is a white oast iron, made by a surcharge of 
ore in the furnace. If the white colour becomes less olear and tnms blnish, u its 
fracture be contorted, and contains a great many empty spaces or air-oells^ the metal 
takes the name of eavemoMS-Jlou, or tender Jfoee. The whitest metal cannot be em- 
ployed for catting. When the white it mixed with the grey oast inm, it beeomes 
riband or trout cut iron. 

The German rc^mp/orpe.— Fipt. 1048, 1044, reprosent ouf of the numeroni refinery 
fomaces so common in the Ilaiti. The example is takenfobm the MeuMhotx woi^ 
in the neighbourhood ef EHdngerode. Fvp. 1044 is an elentloii of this forge. ^ieOie 
reflnerj hearth, provided with two pairs of bellows. Fp. 1648 it a wertfosl eeotion, 
showing paitienlariy the construction of the crucible nr heert|i in the refinery fome uu 
o is an overshot water wheel, which gives an alternate impnkioa to the two hellnwenfi 
by means of the rerolving shaft c, and the cams or tappets dfeg, 

D, the hearth, is lined with eaet-iron plates. Throuj^ the pipe A cold wnterintT be 
iotroduced, under the bottom phde to order tokeep down, When neceenry^tte 
peratore of the crucible, and focilitatc the soU^fieation of the fosns nr Ueom. Aaorl* 
flee n^Jige, 1043, 1044, called the ekh fjbm hMe), allnwnthe melted slag or eloder tn 
flow off firoin the aurfoce of the melted metal. A eopner pipe or note mm eonfiaeta 
Ihe blast of both bellows into the hearth, u shown at S jr,/g. 1044. 
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The eubstanoe lubjected to this mode of refinery it a grey earbonaceoua oatt iron« 
fh)m the works of Uothehutte. The hearth v, being filled and heaped OTer with hve 



eharcoal, upon the tide oppoaite to the tuyere 1043, 1044, long pigt of cast iron 
are*laid with their ends sloping down vai^s, and are drawn forwards succebsivety into 
the hearth by a hooked poker, so that the extremity of each may be plunged into 
the midille of the fire, at a distance of 6 or 8 inches from the mouth of the tini^re. 
The workman proceeds m this way till he has melted enough of metal to form a4>i/^e. 
The cast iron, on melting, falls down in drops to the bottom of the hearth ; being 
covered by the fused slags, or vitreous matters more or less loaded with oxide of iron. 
After running them off by the orifice n« he then works the oast iron by powerful stir* 
ring with an iron rake (rmgartt)^ till it is converted into a mass of a pasty eonsistence. 

During this operation, a portion of the carbon contained in the cast iron combines 
witli the atmospherical oxygen supplied by the bellows, and passes off in the form of 
carbonic oxide and carbonic acid. When the lump is coagulated sufficiently, the 
workman turns it over in the hearth, then increases the heat so as to melt it afresh, 
meanwhile exposing it all round to the blast, in order to consume the remainder of 
the carbon, that is, till the iron has become ductile, or refined If one fusion should 
prove inadequate to this effect, two are given. Before the conclusion, the workman 
runs off 0 second stratum of vitreous slag, but at a higher level, so that some of it may 
remain upon the metal 

The weight of such a loupe or Uom is about 2 cwts., being the product of 2 cwta 
and ^ of pig iron ; the loss of weight is therefore about 26 per cent. l49 pounds of 
charcoal are oonsnmed for every 100 pounds of bar iron obtained. The whole ope- 
ration lasts about 5 hours. The bellows are stopped as soon as the bloom is ready ; 
this is immediately transferred to a forge hammer, the cast-iron heed of which 
weighs 8 or 9 cwts. The bloom is greatly condensed thereby, and discharges a 
considerable quantity of semi-fluid cinder. The lump is then divided by the hammer 
and a chisel into 4 or 6 pieces, which are re heated, oue after another, in the same 
refinery fire, in order to be forged into bars, whilst another pig of cast iron is laid in 
its pla^, to prepare for the formation of a new blcK^n* The above process is called 
by the Genaw A/ump~/nechent or lump refining, ' It differs from the dureA brech* 
frwchen, beoaR in the latter the lump is not turned over in mass, but is broken, 
and exposed in separate pieces successively to the refining power of the blast near the 
tuyere. The French call this affinage par portions ; it is much lighter work than the other. 

The quality of the iron is tried in vinous ways ; as, first, by raising a bar by one 
end, with the two hands over one’s head, and bringing it forcibly ^wn to strike 
across a narrow anvil at its centre of percussion, or one-third from the other extre- 
mity of the bar ; after which it n&y be bent backwards and forwards at the place (n 
percussion several times ; 2, a heavy bar may be laid obliquely over propi, 
end, and struck strongly with a hammer with a narrow pane, so as to curve it in o|^ 
IHisite directions ; or while heated to redness, they may be kneaded bsckwai^ w 
forwards at the same spot, on the edge of the anvil This is a severe trial, whioh tho 
hoop L, Swedish iron, bears surprisingly, emitting as it is hammered a {dwiphorio 
odour, peculiar to it and to the har iron of Ulverstone, which also resemlto^it 
nishing a good steel. The frrging of a horse-ehqe is reckoned a good oHtevion of too 
quality of iron. Its freedom from flaws is detected by the above mode#! W J" 
linear strength may be determined by suspending a scale to toe lower e^ ^ 
mwn wire, of a given siie, and adding weights tiU too wire breaks, ttw 
of Barlow, Tred^ild, Hodgkinson, and Falrhaini may be eoeshitod iHto adowtog* 
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an the methods of proving the strength of different kinds of iroa« in a great yariet}' of 
circumstances. 

Dry auay of iron ores. — The object of k dry MMy of aa iron oro ia to ascertain 
by an experiment on a small scale the anioant of irtjn which the ora ahoidd yield 
when smelted on the large scale in the bloat ftinincL For ^is puipoaa the metal 
must be deoxidised, and such a tempciatutii produced aS to matt the maul and the 
earths associated with it in the ore, so that the fbrmer may be obtained in a dense 
button at the bottom of the croelble, and the litter in a lighter ghw or slag abm lU 
Such a temperature can only be obtained in a wind fbrnace coaneeli^d with a ekfanney 
at least dO feet in height and when made expressly for assa>{ngff|{ Aimaee, is gene- 
rally built of such a si/e that fbut assays may he made at the same time, viiimbont 
14 inches square, ami 2 test in depth from the under side of the ootrer to the moreable 
bars of inm which form the grate. In order that tho substances assoeiated with the 
iron m the ore should form a fhsible compound, it is usually lequisitc to add a flux, 
the natnic of which will depend upon the character of the ore under examination, 
ncitluei dividt'S aon ores into five classes : 1. The almost pure oxides, such as the 
mai/neite uj ofe, ehpistic irea, and the htrmatite ^ ; 2. Ores c«>ntaining ailioa, but free or 
iie.iily so from any other admixture \ 3. Ores containing silica and various bases, but 
little or no lime \ 4 . Ores containing one or more bascN such as hme, matjneaia^ alurnttM, 
tnidf oj munganati, ritir/c o/ titanium, oxide of tantalum, oxide of chromium, or oxide of 
tunqsUn, but litUe oi no silica ; 5. Ores containing adwa, lime, and another bane, ana 
which are fusible alone. Ores of the first class may be reduced without oiiy flux, 
hut it is always better to employ one, as it greatly fhoilitates the formation of the 
button! borax may be used, or, lietter, a fusible earthy silicate, such as ordinary flint 
glass. Ores of the second class require some base to serve as a flux, such as carbonate 
of soda, a mixture of carbonate of lime and clay, or of carbonate of lime and dolomite : 
ores of the third class are mixed with carbonate of lime In tho proportion of from one- 
half to three-fourths of the weight of the foreign matter present in the ore. Ores of 
the fourth class require as u flux silica in the form of pounded quartz, and generally 
also some lime i the manpanesian spathic ores which belong to this class may be 
assayed with the addition of silica alone, but the magnesian spathic ores require lime. 
Ores of the fifth class require no flux. 

Method of eondurting the OMay.— One hundred grains of the ore finely pulverised 
and passed through a silk sieve arc well mixed with the flux, and tho mixture intro- 
duced into the smooth concdvity made in the centre of a crucible that has been lined 
with charcoal i the lining of the crucible is effected by partially filling it with coarsely 
powdered and slightly damped charcoal or braeqve, which is then rammed into a 
solid form by the use of a light wooden pestle. The mingled ore and flux must be 
covered with charcoal The crucible thus filled is closed with an earthen lid luted 


on with fire clay ! and it is then sot on its base in the air fiimace. The heat should 
be very slowly raised, the damper remaiuing closed during the first half hour. In 
this way the water of the damp charcoal exhales slowly, and the deoxidation at the 
ore is completed before tho fusion begins ; if the heat were too high at fiivt the luting 
would probably split, and moreover, the slag formed would dissolve some oxide w 
iron, which would be lost to the button, and thus give an erroneous result. After 
half an hour the damper is gradually opened, and the furnace being filled with ftesh 
coke, the temperature is raised progressively to a white heat, at which pitch it must 
be maintained for a quarter of an hour} the damper is then closed and the ftimace is 
allowed to cool As soon as the temperatnre is snlBoiently reduced, the erocible is 
removed and opened over a sheet of brown papw ; the hraaque is oaNfhlly removed, 
and the button of cast iron taken out and weighed. If the experiment has been 
entirely successful the iron will be found at the bottom of tbecruoible in a ■"le ll 
rounded button, and the slag will be entirelv tree firom any adoring metallic globnles, 
and will resemble in appearance grm bottle glass ; should, however, the slag contain 
■mall metallic particles, the experiment is not neoeasarilv a liulnre, as my InaT 
generally be recovered by washing and the magnet. Bnt if on breaking the cmeible 
the reduced metal should be foond in a partially melted state and not oolieoted into a 
distinot mass, it indicates either too low a tempmture or an improper eeleotioa cf 
'fluxes, and the experiment must be repeated. The iron obtained is not ehemiesUf 
pure,Jbttt eontains carbon, and if the ore m maanmifierous, manganese i the lesnlt m 


thetoring purposes the riobness of the ore assayed. 

Nnsiid oMyqf iron ores.— The quanatative determination of the Tarions sob* 
Btanocs that oecur ia iron ores, demands on the psrt of the opeiutor a 
amomit of skill and patience, and can only be profitably undertaken by those who 
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iron orci* and as certain elcmentSt viz. mnn^nefe, ntfphurt and phoiphorua, are 
frequently present, vhich very considerably atfect their commercial value, we deem 
it right to give a detailed account of the operations to be iierformed in order to arrive 
at an accurate knowlcd^ of the composition of an ore. 

Taking for illustration a specimen of the most complicated composition, the 
substances besides iron to be looked for, and estimated, arc water {hyaroacopic and 
combined)^ organic matter ^ sulphur (as sulphuric acid, and as bisulphide of iron), phos- 
phoric acid, carbonic acid, silicic acid, oxide of manganese, alumina, lime, and alkalies ; 
lead, tin, copper, and arsenic, are also occasionally met with ; these metals are sought 
for when a suspicion of their presence is entertained by a special operation on a largo 
quantity of ore. 

Too great care cannot be bestowed on the sampling of ores intended for analysis ; 
to expend so much time and labour on an isolated specimen (unless for a special 
object) is vrorso than useless ; the sample operated upon should be selected from a 
large heap, which should be thoroughly gone over, and several dozen pieces taken fhim 
different parts ; these should be coarsely ^wdered and mixed, and about half a pound 
taken fi'oni the mass should be preserved in a well corked bottle for examination. 

Determination of water {hygroscopic and combined), — About 50 grains of the 
ore are dried in the water oven till no further loss of weight is experienced ; the loss 
Indicates the hygroscopic water ; the residue is introduced into a tube of bard glass, 
to which is adapted a weighed tube containing chloride of calcium ; tlie powder is 
then gradually raised to a low red heat, the combined water is thereby expelled, and 
its amount determined by the increase in weight of the chloride of calcium tube. 
Some ores (the hydrated hwmatites) contun os much as 12 per cent of combined water. 

2. Sulphuric acid and sulphur, - From SO to 50 grains of the ore are digested with 
hydrochloric acid, filtered and washed. The filtrate, concentrated if necessary by 
evaporation, is precipitated by great excess of chloride of barium. ^ Every 100 parts 
of the sulphate of baryta produced indicate 34 37 parts of sulphuric acid. The in^ 
soluble residue on the filter is fused in a gold crucible with nitre and carbonate of 
soda, the fused mass is dissolved in hydrochloric acid, evaporated to dryness, mois- 
umod with strong acid, diluted and filtered ; from the filtrate the sulphuric acid is 
precipitated as sulphate of baryta, every 100 parts of which indicate 13*748 parts of 
sulphur, and 25*48 parts of bisulphide of iron. 

In the analysis of hfsmatites it is necessary to bear in mind that percbloride of iron 
is partially reduced when boiled with finely divided iron pyrites and hydrochloric 
odd, sulphuric acid being formed. — Dick, 

Phosphoric acid, — From 50 to 75 grains of the ore are digested with hydrochloric 
acid and filtered ; the clear solution, which should not be too acid, is boiled with 
sulphite of ammonia, added gradually in small quaUtities till it either becomes colour- 
less, or acquires a pale green colour, indicating that the peroxide of iron originally 
present has been redact to protoxide ; the solution is nearly neutralised with car- 
bonate of ammonia, excess of acetate of ammonia added, and the liquid boiled ; strong 
solution of percbloride of iron is then added drop by drop, until the precipitate which 
toruis has a distinct red colour ; this precipitate, which contains all the phosphoric acid 
originally present in the ore, is collected on a filter, washed, and redissolved in hydro- 
chloric acid, tartaric acid added, and then ammonia. From this ammoniacal solution, 
the phosphoric acid is finally precipitated as amroonio-phosphate of magnesia, by the 
addition of chloride of ammonium, sulphate of jpagnesia, and ammonia. The pre- 
cipitate is^jowed 34 hours to subside, it is then collected on a filter, and if it has a 
yellow colfl^which is almost invariably the case, it is redissolved in hydrochloric acid, 
and more tartaric acid being added, it is again precipitated by ammonia i 100 parts of 
the ignited pyrophosphate of magnesia correspond to 64*3 parts of phosphoric acid. 

Alkalies, — It was ascertained by Mr. Dick, that nearly the whole, of the alkali 
present in an iron ore are contain^ in that portion which is Insoluble in hydro- 
chloric acid. The residue from about 60 grains of the ore is placed in a platumi" 
capsule, moistened with ammonia, and exposed for several hours to the action of 
hydrofluoric acid gas In a closed leaden dish } it may be necessary to repeat the 
ration if much silica is present ; it is then slowly heated to dull rednesSi and 
solved in dilute hydrochloric acid | the solution is mixed with excess of baryta wster 
and filtered ; the excess of baryta is removed by carbonate of ammonia, 8nd the ik^ 
lution is evaporated to dryness and ignited i the residue is redissdved in » w w 
water, and a few drops of oxalate of ammonia added. If no precipitate or cto odff ” 
occurs, it may be once more evaporated to dryness and gently ignited: the 
18 chloride of potassium, 100 parts of which indicate 63 parts w potash* 05 *^^ 
oxalate of ammonia have occasioned a precipitate, it must be filtered Ofll an» “ 
clear liquid evaporated. The eearch for potaeh Is troubleKnie and leagthp I “ 
be altogether omitted in a technical amUyaii. 
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Determtnaiim of the rematning ccmtHiitenie — 1 $ or 90 miui Of the iiMilYj^oirdered 
ore are digcited for about half an hour with atrong hydroeliloirlo a<dd, dllillad with 
boiling distilled water and filtered. The residue on the filter being tborpoghly washed, 
tho solution is peroxidised, if necessary, by the additiou of ahlorale of pMfat nearly 
neutralised by ammonia, boiled witli cxeeM of acetate of amnmaia, and rapidly 
filtered while hot ; the filtrate (which should be eolouHess) Mother whh the wash- 
ings, is rcceiTcd in a flask, annnonla is added, atid then a fisw drops of bmmina, and 
the flask closed with a cork. In a few minutea, If manganese be present, the liquid 
Sequin'S a dark colour ; it is allowed to remam at rent Ibr fi4-houra, then warmed, 
and rapidly filtered and washed t the brown subitanee ou the filter is hvdrated oxide 
of manganese: it loses its water by ignition, and then becomes Mu* OS 100 pfirts of 
which correspond to 03 parts of protoxide. 

The liquid filtered fVom the mauganeoe contains the lime and magnema; the former 
is precipitated by oxalate of ammonia, and the oxalate of lime fornu d converted by 
ignition into carbonate, in which atato U is either weighed, having been previously 
cvapnrate«l with carbonate of ammouia, or it is converted into sulphate by the ad- 
dition of a fhw drops of sulnburic acid, evaporation, and ignition. The lime being 
8<q>arated, the magnesia is thrown down as ammonio magnesian phosphate hy phos- 
phate of soda and ammotii^and after standing for 24 hours it is collected on a niter, 
washed with cold ammonia water, dried, ignited, and weighed ; 100 parts of cei^ 
bonate of lime correspond to 56*0 of lime; 100 parts of sulphate of lime to 40*1 of 
lime, and 100 parts of pyrophosphate of magnesia to 35*7 of magnesia. 

The red pr^ipitatc collected on the filter after the boiling with acetate of am- 
monia, consists of the basic acetates of iron and alumina^ together with tho phosnhmne 
arid. It is distmlved in a small quantity of hydrochloric acid, and then boiled in a 
silver or platinum basin with considerable excess of pure caustic potash ; the alumina 
(wiUi tho phosphoric acid) is hereby dissolved, the insoluble portion is allowed to 
subside, and the clear liquid is then decanted, after which the residue is thrown on a 


filter and washed ; the filtrate and washings are sa[|erBaturatcd with hydrochloric 
acid, nearly neutralised with ammouia, and the alamina finally preolpitati'd by car- 
bonate of ammonia. From the weight of the ignited precipitate, the corresponding 
amount of phosphoric acid determined by a separate operation is to be deducted, the 
remainder is calculated os alumina. The residue left after digesting the ore with 
hydrochloric acid, consists principally of ri/irii, but it may also contain alumina^ per- 
oTide of iroHf lime^ matfnegia, and potash. For practical purposes U is rarely necessary 
to submit it to minute examination ; should such be desired, it most be dried, ignited, 
and weighed, then fused in a platinum crucible with four times its weight of mixed 
alkaline carbonates, the fused mass dissolved in dilute hydroohlorio acid, and evapo- 
rated to dryness, the residue moistened with strong hydrochloric aeid, and after stand- 
ing at rest for some hours, digested with hot water, filtered, and the silira on the filter 
ignited and weighed. The alumina, lime, oxide of iron, and magnesiia in the filtrate are 
separated from each other according to the instructions given above ; the potash is esti- 
mated by a distinct process. 

Carbmie aeid. — This acid, which constitutes a considerable part of the weight of 
that large and important class of ores the clog ironstones, is estimated by noting the 
loss sustained after adding to a weighed portion of the ore sulphuric aeid, and that 
evolving the gas; or more roughly, by the loss snatained in the entire anslysia. 
Another method is to ftise 20 or 25 grains of the ore with 60 or 60 grains of dry 
borax, and noting the loss, which consists of water and carhonio acid ; by deducting 
the water obtained in a previons experiment, the quantity of carhonio acid is ob- 
tained. This method, however, can scarcely be recommended on aceonnt of the cor- 
rosion of the erocible, though the results are very accurate. 

Determination gf the inm.— -This is perflcrmed on a separate portion of the ore, 
either by the volumetric method of Marguerite, or by that of Dr. Penny : both give 
very exact resulta. Marguerite’s method is based on the reciprocal action it t^ 
Baits of protoxide of iron and permannnate of potash, whereby a quantity of the 
latter ia decompos^ exactly proportionate to the quantity of iron. The ore 
(about 10 or 16 grains) is dissolved in hydroohlorie acid, and the metal brought to 
the minimum of oxidation by treating the solntion with wulpklie of aoda (or bettef. 
nJphite gf ammonia), and boiling to expel the excess of snlphurous add t M lObktM 
of permanganate of potash is then cautionily added drop by dm, until the pink 
eolonr appears, and the number of dixisions of the bnrette reoatied fbr the mraose 
■coiratefy noted. The solution should he considerably diluted, and there mut be n 
■nffieient qnsntity of acid present to keep in solution the peroxide of inm Ibnned 
and also the oxi^ of manganese. The whole of the iron must he fit the 
of Aidation, find the excess of snlphttfous field mnSt be eompMely exptSliii M 
the latter prccantion be neglected fin ekvoneone resolt will be fit Ofi 
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phiirous ttcid will itself take oxygen from the permanganic acid, and thus react in 
the same manner as iron. 

To prepare the permanganate of potash, 7 parts of chlorate of potasss, 10 parts of 
hydrate of potassa, and 8 parts of |ieroxide of nianganese are intimately mixed. The 
manganese must be in the finest possible powder, and the potash having been dis- 
solved in water, is mixed with the other substances, dried, and the whole heated to 
very dull redness for an hour. The fused mass is digested with water, so as to obtain 
as concentrated a solution as possible, and dilute nitric acid added till the colour 
becomes of a beautiful violet; it is afterwards filtered through asbestos. The solution 
must be defended ft’om the contact of organic matter, and kept in a glass stoppered 
bottle. If the solution be evaporated it yields beautiful red acicular crystals : it is 
better to employ the crystals in the preparation of the test liquor, as the solution keeps 
much better when no manganate is present. To prepare the normal or test liquor, 
a certain quantity, say 16 grains, of piano-forte wire are dissolved in pure hydro- 
cliloric acid ; after the disengageinent of hydrogen has ceased, and the solution is 
complete, the liquor is diluted with about a pint of water, and accurately divided by 
measuretiient into two equal parts, the number of burette divisions of the solution of 
permauganate required to produce in each the pink colour is accurately noted ; and 
this number is then employed to reduce into weight the result of the analysis of nn 
ore. A useful normal liquor is made by dissolving 100 grains of the crystallised 
permanganate in 10,000 grains of water. 

I'cnny's method is based on the reciprocal action of chromic acid and protoxide of 
iron, wtierefiy a transference of oxygen takes place, the protoxide of iron becoming 
converted into peroxide, and the chromic acid into sesquioxide of chromium. The 
process is conducted as follows : — A convenient quantity of the specimen is reduced 
to coarse powder, and one half at least of this is still further pulverised until it is no 
longer gritty between the fingers. The test solution of bichromate of potash is next 
prepared: 44'4 grains of this salt in fine powder are weighed out, and put into a 
burette graduated into 100 equal parts, and warm distilled water is afterwards poured 
in until the instrument is filled to 0. The palm of the hand is then securely placed 
on the top, and the contents agitated by repeatedly inverting the instrument until the 
salt is dissolved and the solution rendered of uniform density throughout Each divi- 
sion of the solution thus prepared contains 0*444 grains of bichromate, which Dr. 
Penny ascertained to correspond to half a grain of nietullio iron. The bichromate 
must be pure, and should be thoroughly dried by being heated to incipient fusion. 
100 grains of the pulverised iron-stone are now introduced into a Florence fiask with 

oz. by measure of strong hydrochloric acid and ^ oz. of distilled water. Heat is 
cautiously applied, and the mixture occasionally agitated until the effervescence 
caused by the escape of cgrbonic acid ceases, the heat is then increased, and the mix- 
ture made to boil, and kept at moderate ebullition for ten minutes or a quarter of an 
hour. About 6 oz. of water are next added and mixed with the contents of the flask, 
and the whole filtered iuto an evaporating basin. The flask is rinsed several times 
with water, to remove all adhering solution, and the residue on the filter is well washed, 
iieveral small portions of a weak solution of red prussiate of potash (containing 1 
part of salt to 40 water) are now dropped upon a white porcelain slab, which is 
conveniently placed for testing the solution in the basin during the next operation- 
The prepared solution of bichromate of potash in the burette is then added very 
cautiously to thuolution of iron, which must he, repeatedly stirred, and as soon as it 
assumes a d|i*k fleenish shade it should be oceasioually tested with the red prussiate 
of potash. Ais may be easily done by taking out a small quantity on the end jt a g[lssB 
rod, and mixing it with a drop of the solution on the i)orcelain slab. When it is noticed 
that tlie last drop communicates a distinct blue tinge, the operation is terminated ; the 
burette is allowed to drain for a few minutes, and the number of diviaions of the test 
liquor consumed read off. This number multiplied by 2 gives the amount of^ 
per cent The necessary calculation for ascertaining the corresponding quantity «» 
protoxide is obvious. If the specimen should contain iron in the form of p^zid^i 
the b 3 ^rochloric solution is deoxidised as before by sulphite of ammonia* 
sence of peroxide of iron in an ore is easily detected by dissolving 80 or 40 grains in 
hvdrochloric acid, dilating with water, and testing a portion of the solution with sw- 
phocyanide of potoMBium, If a decided blood-red colour is produced, peroxide of 
is present If it be desired to ascertain the relative proportions of peroxide 
protoxide of iron in on ore, two operations must be nerfiothed i one on a qaabtity 
the ore that has been dissolved in hydroehorio acid in a stout stoppered bottto { W 
another on a second quantity that has been dissolved as usual, and toen deokloM'^ 
snluhite of ammonia or by metallic zino. It is advisable to employ thd I** 

bichromate much weaker than proposed by Dr. Penny, and to emptoy » btirew® 
gr^uated to cobio millimetres. A good strength is 1 grain of meMW 
cubic centimetres of bichromate. 
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Afrfob nreeipiiahh hjf iu^hureiteJ hpdrogehfrm Hhe Kpdi oeAMff •oAiftw.-^A weighted 
portion of the ore rarying ftom 200 to 2000 graini Is digested 4totr a ccmsUNffthltB time 
in hydrochloric acid . the solution is filtered the iron in thf flltrtle redoM when 
necessary by sulphite of ammonia, and a current of sulphuretted hydrogen passed tbrott|gh 
it. A smnil quantity of sulphur which is alirayi suspended is collected on a filter and 
ilioroughly washed \ it is then incinerated it as low a tenipemtnre as possihla. 
ri'MiUie (if any) is mixed with carbonate of soda and heated upon charcoal holbre the 
blu\ipi|)(^ : any globules of metal that may be obtained are dtssoWed and tested. 

of ptg tron.—The most Important constituents to be detormintd are ourfion 
(combined and nnoombined), selicoii, su^tiAMr.pdot/i/ioriw; ilxo«e of icsi consequence^ 
or of more rare occurrence, are manganem^ orsfnir, co/jjve/, £^l^, • A/osiimih, Utanifimt 
rnbah, vtt ktly fm, ahminwn^ caktum, fuapasstuM, and the mHith of the o/da/ies. 

1. i>stermma/iOH oj the total awoHnt qf carlmh — About 100 gtsins of the iron in 
small pieces aie digested, at a moderate temperature, in fi*n/ measured of a solution 
forint *i by dis«'iil ring 6 oz. of crystallised sulphate ol copper, and 4 oz. of cointnou 
s lit in 20 oz. of water and 2 oz. of concentrated hvdrochlorie acid. The action is 
alUi^ied to proceed until oU, or nearly all the iron is dissolved. Carbon and ctg»per 
are left mvduble { these are colln^ted on a filter, and washed first with dilute hydro* 
chlurie acid (to prexent the prcripiiutioii of sub-chloride of copper), then with water, 
then ^itli dilute caubltc potash, and finally with boiling water. The mixed carboL 
and copper are dried on the filter, from which they are easily removed by a knife 
Made, and aie mixed with oxide of copper, and burned In a combustion tube in the 
usual way, with n current of air, or, still ^tter, of oxygen. The carbonic acid is col* 
Icctcd in I.icbig’’' jppnratus, from which the amount of carbon is calculated. 

2. Graphite^ or untombined caibun,~~A weighed portion of the finely divided iron 
(filings or borings may be used) is digested with moderately strong hydroohlorio 
acid, the combined cat bon is evolved in combination with hydrogen, while the 
graphite is loft uudissi lived. It is collected on a filter, washed, and then boiled 
with a solution of caustic potash, sp. ||r. 1*27. in a silver dish ( the silica which 
existed in the iron in the form of silicon is hereby dissolved ; the clear caustic solu- 
tion is drawn off by a pipe or syphon, and the bUek residue rejwatedly washed ; it 
is dried at as high a temperature as it will bear, and weighed ; it is then heated to 
redness in a current of air, until the whole of the carbon is burnt off. A reddish nn 
sidue generally remains, which is weighed, and the weight deducted from that of 
original black residue, the difference gives the amount of graphite. 

3. Silicon — The amount of this element ia determined by evaporatidg td drynesa 
a hydroehlorio solntion of a weighed quantity of the metal 1 the dry residue is re- 
digested with hydrochloric acid, diluted with water, boiled and filtered } the insoluble 
matter on the filter is washed, dried and ignited, until the whole of the carbon is 
boiled off ; it is then weighed, after which, it is digested with solntion of potash, and 
the residue, if any, washed, dried, ignited, and weighed; the difference between the two 
weights gives the amount of silicic acid, 100 parts of which indicated? ports of stltcon* 

Phoqihorua , — A weighed portion of the metal is digested in niCro-hydroohloric acid, 
evaporated to dryness, and the residue re-digested with bydrocblofie acid, 'rbe solution 
is treated precisely as recommended for the determination of phosphoric acid in ores | 
every 100 parts of pyrophos^ihato of magnesia indicate 28*65 parts of phoaphoma 

In grey iron this element is very conveniently and accurately estimated 
by allowing the gas evolved by the action of hydrochloric acid on a weight quantity 
(about 100 grains) of the metal, in filings or borings, to pass slowly through a solution 
of acetate of acidified by acetic acid : the sulphur, the whole of which takes the 
form of snlphuretted hydrogen, enters info oombination with the lead, forming a black 
precipitate of sulphide of lead, which is collected, washed, and convert^ into sulphate of 
lead by digesting it with nitric acid, evaporating to dryness, and gently igniting : 
100 parts snlphate of lead * 10*66 sulphur. The most miunte quantity of swphur In 
iron is detected by this ptoeesi. If, however, crude white iron is under ezaminatiou. 
this method does not give satisfiictoiT resniti, on aoeonnt of the diflicuity with which 
it if acted upon by by4roohlorio acid t It Is better, therefore, to treat the metal with 
nitro-hydroehloric aeid,evagorate to dryness, rs-digest with hydroeblorie acid, and then 
precipitate the filtered solution with great excess St chloride of harinm t or the finely 
divided metal may be filled in a gold crucible with an equal weight of pnro hhrats W 
* soda and twice its weight of pure alkaline carbonates i the fused mass is extraeM 
with water acidified with hydrochloric acid, and finidly precipitated hr chloride (S 
barium. 

JfaiqTaiMM.— This metal is determined by the process described Ibr its esttmatte 
in ores ; the iron most exist in the solntion in the form of 

Artenie and copper. — The Ditro-bydroehloric folution of the metal is tvanCiiM 
to dryness, re-dignrted with hydrochloric aei^ sad filtered. The iron In STdktx 
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folation if reduced to protochlorido by boiling with a fufficient quantity of solphito 
of ammonia, the lolution is boiled till it has lost all smell of sulphurous acid. It is 
then saturated with sulphuretted hydrogen, and allowed to stand for 24 hours in a 
closed ▼easel, the excess of gas is boiled off, and the precipitate, if any, collected on a 
small filter and well washed ; it is digested with monosulphide of potassium, which 
dissolves the sulphide of arsenic, leavinj^ the sulphide of copper untouched ; the 
latter is decomposed by heating with nitric acid, and the presence of copper evinced 
by the addition of ammonia, which produces a fine blue colour ; the sulphide of 
arsenic is precipitated from its solution in sulphide of potassium by dilute sulphuric 
acid { it may be redissolved in aqua regia, and the nitric acid having been expelled by 
evafioration, the arsenic may be reduced in Marsh's apparatus. 

liickel and cobalt.— These metals, if present, will be found in the solution from which 
the copper and arsenic have been precipitated by sulphuretted hydrogen. The solution 
is peroxidised, and the sesqiiioxide of iron precipitated by slight excess of carbonate 
of baryta, afler which the nickel and cobalt are precipitated by sulphide of ammonium. 

Chromium and vanadium. — These metals which should be looked for in the car- 
bonaceous residue obtained by dissolving a lar^e quantity of the iron in dilute hy- 
drochloric or sulphuric acid are detected as foWoits (Wohler) : — The imited residiu! 
is intimately mixed with one* third of its weight of nitre, and exposed for an hour in 
a crucible to a gentle ignition. When cool, the mass is powdered and boiled with 
water. The filtered solution is gradually mixed and well stirred with nitric acid, 
taking care Uiat it may still remain slightly alkaline, and that no nitrous acid is 
liberated which would reduce the vanadic and chromic acids. The solution is then 
mixed with an excess of solution of chloride of barium as long as any precipitate is 
produced. The precipitate, which consists of vanadiate and chromate of baryta, is 
decomposed with slight excess of dilute sulphuric acid, and filtered. The filtrate is 
neutralised with ammonia, concentrated by evaimration, and a fragment of chloride 
of ammonium placed in it. Tn proportion as the solntion becomes saturated with 
chloride of ammonium, veu^adate of ammonia is deposited as a white or yellow 
erystulline powder. To test for chromium only, the mass after fusion with nitre is 
extracted with water, and then boiled with carbonate of ammonia ; the solution is 
neutralised with acetic acid, and then acetate of lead added ; the production of a 
yellow precipitate indicates chromic acid. 

Aluminium. — This metal is best separated from iron, by first reducing the better to 
the state of protoxide by sulphite of ammonia, then neutralising with carbonate of 
soda, and afterwards boiling with excess of caustic potash, until the precipitate is 
black and pulverulent iV* solution is then filtered of^ slightly acidulated with 
hydrochloric acid, and the alumina precipitated by sulphide of ammonium. 

Calcium and magneuium, — These metals are found in the solution firom which 
the iron and aluminium have been separated | they both exist proMly (together with 
the aluminium) in the cast iron in the form of slag, and are brat detected in the black 
residue which is left on dissolving the iron in dilute sulphuric or hydrochloric acid. 
After digesting this residue with caustic potash, and burning away the mphite, a small 
quantity of a red powder is left, which is composed of silicic aci£ oxide of iron, 
alumina, lime, and magnesia ; if 500 grains of cast iron are operai^ upon, a suffl- 
cMent quantity of insoluble residue will be obtained for a quantitative determinatiou oi 
Its constituents. — H. M. R. 

Iron imported in 1863 and 1864. 



Exports of pig and puddled itan. The ralue ef tbl exports of 8114 ^ 

from the United Kingdom has greatly incrqssed of lalp ytsais, 
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The quantities of jdg and pnddlad iron exported ainee 

1 oni 

1850 .... 141,973 1358 

1851 .... 301,954 185‘* 

IS52 - - . . 240,491 I860 

1853 .... 338,585 1681 

1854 .... 293,482 1862 

is:>5 .... 291,776 1863 

ij4)6 - - - - 357,326 1864 

1857 - - - * 4‘J2,Ot46 1863 


650 Wen 8» fellows 

- • 163,143 

- 316,jl|Sr6 

- 342,556 

- .388,004 

- 444,706 

- • . 466,428 

465,965 

- 543,018 


^'hc \aluc of and paddled iron ewpoHed since ISof be og as follows:— 


18.50 - 



je 

348,074 

1 - 



452,119 

1 - 



557,686 

is >3 



- 1,056,310 

18j4 - 



- 1,244,853 

is«i5 - 



- 1,072,128 

18.56 - 



- 1,38.5,118 

1837 - 



l,fi09,I16 


£ 


l‘»58 - 


- 1,084,170 

18.59 - 


- - 901,927 

1m60 - 


974,065 

1861 - 


^ 1,044,304 

1862 •. 


. - 1,. 303,641 

1863 - 


- 1 287,968 

1864 - 


- - 1,412,952 

lHf>j - 


- 1,591,063 


For eleven months of the year 1866, the quantities reached 456,629 tons, as 
eonipaied with 499,903 tniih in the corresponding period of 1865, and 489,02.3 tons 
in 1864. 

IRON- BRIDGE. See Tudolar Bkidoe. 

IKON LIQUOR. A solution of acetate of iron, used as a mordaut by calico 
pi inters. 

IRON ; TELLURIC. A name given to native iron, of which there is no proof of 
meteoric origin. 

IRON WOOD. A name given to several of the hard, heavy, and close-grained 
woods. The MetroMderos tN’m, or trae iron-wood, is a native of Java and Aiiibi^na. 
The Chinese use it for making anchors. The Mettmderot polymorpha is the wood 
of which the Sandwich Islanders make their clubs. Metronatroa bwnfclta is a New 
Zealand shrub, the wood of which is called in the country aki or Lignum vUa, 
Other vsrietiviB of these woods arc produced by the Sideroxylon, found in many 
tropical countries. 

ISINGLASS {CoUede PoiMon, Fr. ; HauaenMase, Gefm.^, lehth^ocolla, ixOi/diroAAa, 
from A sdAAa, glue, or Fish glue, is a whitiA, dry, tough, semi-trans- 

parent substance, twisted into diiferent shapes, often in the of a lyre, and 
consisting of membranes rolled tomther. Good isinglass is unebangeable in the air, 
has a leathery a8peot,and a mawkish taste, nearly insipid i when steeped in cold wsut 
it swells, softens, and separates iu membranous laminss. At the boiling heat it dis- 
solves in water, and the solution, <m cooling, forms a white Jelly, which is semi-trans- 
parent, soluble in weak acids, but is precipitated from them by alkalies. It is gelatine, 
nearly pure; and if not biitde, like other glne, this depends on iu fibrous and elastic 
texture. The whitest and finest is preferred in commerce. IsinglasB is prepared 
from the air-bladders of sturgeons, and especially the great sturgeon, the Aeeipannr 
Aaso, which is fished on the shores of the Caspian fiea, and in the fivers lowing intii 
it, for the sake chiefly of ito swimming bladder. It is also obtained from the A, $ieU 
iaiiu, and the A. Oimmatadtu, We are informed that in Russia the Ri/airw yfenis la 
also caught for the purpose of obuining isinglass. 

The preparations of isinglass in Russia, and partioulariT at Aatraoan, eonsiits in 
steeping the swimming bladders in water, removing carefully their external coat, and 
the blood which often oovets them, putting them into a hempen-bag, squeeiiM them, 
Boftening them between the hands, and twikiDg them into mall eylinderi. Ihey aca 
mdy for the market humediitely after being wed in the nb, and whitened with the 
ftimes of burning snlpbnr. 

In some districu of Moldavia, another process Is ftdlowed. Tlie skin, the stomach, 
the intestines, and the swimming bladder of the eturgron are cut in pleees« 
steeped in cold water, and then gently bcfiled. The Jelly thus obtained is fpreid in 
thin layers to dry, when it assumes the appearance of parchment This being softened 
in a little water, then rolled into Cylinders, or extended into pletse. 
inferior arficle. 

The swimming bladder of the ood and many other flehei, also fttmiihet a n wri ts of 
Isinglass, but it it much more membranous, and lest soluble than that of tbe stuiweon. 

The properties of ising^ are tbe same as those of gelaliue or pure Muo I and Its 
uses are very nomeioiis. It is employed In cousidetableqoanthiei to olsS^aKwineb 
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liqueurs, aud coffee. As an article of food to the luxurious in the prcpaiation of 
crianis and jellies, it is in great request. Four piirts of it couvert 100 of water into 
n tremulous jelly, which is employed to enrich many soups and sauces. It is used 
uloQg with gum as a dressing to give lustre to ribbons and other silk articles 

It is by covenng thin silk with a coat of isinglass that court plaster is made. A 
solution of isinglass covered with carmine forms an excellent injection liquor to the 
anatomist. M. Rochen has made anothei pretty application ot isinglass Ho 
plunges into a limpid solution of it, made by means of a water-bath, sheets of wiie 
gause set in window or lamp frames, which, when cold, have the appeal ance of gla^s, 
and answer instead of it for shades and other purposes. If one dip be not sufficient to 
make a proper transparent plate of isinglass, several ma> be given in succession, allow- 
ing each film to harden in the interval between the dips The outer surface should 
be vainished to protect it from damp air. Thtse panes of gelatiue aic now generally 
used for lamps instead of horn, in the maritime arsenals of Fiance — See GbLaiiNi 
Isinglass IS known commei cially as Leaf tatnglas^, Lmg and shmL Mtaple, and 
Book isingUtM Di lioj Ic speaks of the Samo^iey leo/t book^ and long and short MtapU, 
in his papei On the Ptoduction oj latnqlaas akmq the eoa^^ts of India, with a Notice oj ih 
Vishet tes Wo receive from the Brazils, Pipe, Lump, and Honeycomb Isinglass 
Our inipartationi of isinglass in 1863 and 1864 were. — 
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Cwts 

Ciimputid 
real v ilut 

Cat*. 

Computi d 
rial value 

Russia - - . - 

1,008 

£ 

56 439 

1,045 

it 

58,539 

Hamburg . . - - 

70 

3.015 

80 

4,484 

Brazil - - . - 

008 

12,896 

686 

13,510 

Biitish India — 

Bombay and Scindc 


. . 

393 

7,157 

India, Singapore and Ccvlon 

143 

1,695 

— ^ 


Singapore, and Eastern 
Straits ^ttlements • 



354 

6,432 

British Guiana • - - 

72 

1,342 

70 

1,240 

Other parts ... 

no 

3,032 

120 

4,645 

Total • • - 

2,320 

79,319 

2,748 

96,007 


ISOMERISM, from laos, equal, and p^pof, part Identity of elements and pro- 
portions with variations in physical properties Thus, oil of turpentine and oil of 
citron are isomeric, each having the composition G*H*. 'J'he study of the laws of 
atomic constitution is one of the most important within the range of physico-chemical 
science, and biyond all othen. It demands the highest powers of the philosopher, 
united with the mechanictl care of the microscopic analyst The tendency of science 
leads to the conviction that many of the bodies which we now regard as distinct 
elements arc only isomerie ; and such groups as chlorine, iodine, bromine, and fluorine, 
as sulphur, selenium, and boron, and as carbon and silioon, may with Ae advance of 
our knowledge bn||hown to be modified eonditious of one form of matter. This 
subiict wi ll fufiy treated in Watts' Dictionary of Chemistry.** 

ISOMOHwI ISM Mitscherlich was the first to observe that many groups of sub- 
stances, simple or compound, having an analogous constitution, crystallise in forms of 
the same crystalline character, or difftr but little in thoir angles. Thus, aUmtna, 
fed oxide of vron, and oa xde of chrome crystallise in forms of the rhombobedril system. 

Carbonate of Ime^ caibonate of magnema, pndoxxde gf troa, protoxide gf maaponssei 
and oxide <f hme are also isomorpbons forms belonging to the rhombohAral system. 

Su^hate of haryte$t sulphate of etrontia^ and oxide tflead crystallise in isomorphic 
forms of the prismatic system. , 

For a development of this law. consult Brooke and Miller's Mineralogy^ and Danas 
System of Mineralom, and Watts* Dictionary of Chemistry.** 

ISOP17RPURATE OF AMMONIUM. See Moeexidi. . 

ITACOLUMITE. The Brazilian, or rather Spanish, name of a nioaceons tnfi 
quartzose rock, in which diamonds are sometimes found. 

IVORY (Iwnre, Fr ; Elfenhetn, Qerm.) The osseous matter of the tasks and tseth 
of Ae elephant, and of the tusks of the hippopotamus, and hortt of ths nanrbsl 
Formerly, the name ivory was given to the main sulnmee of tho tseth cj 
animals, but it is now, by the best anatomists and physiologiitSi nstriotsd to 
that modification of dentine^ or tooth substance, which, in transyaiie sectipW 
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fractal es, shoiri lincK uf diffeunt colours ot stiuB, pmcoding m tbe arc of a 
circle and forming by their dccuSMti in minute or (urrilmear ]o4inge ilMiped •pacGS 
By tins character, wh ch is present! d by evcr> tin smallcat portion ot an ele|iifaafit*s 
tusk 111 trunsvirse SiUHiii <1 tiuctuu tim ivoiviuaybe distinguiblKd from #v«ry 
other kind ot tooth substance, and frdtti every ewntirfcit, whether derived from 
tooth 01 bone It is a cbaractci — this eii||iae turned dt i us»atory appcaiancc, — which 
IS as characteristic of fossil as of recent ivory Altbongh howtver, no other teeth 
eaitpt those ot tlu cltphant present the characUftstits ot tnu ivor\ there aic teeth 
in man} otlu i spe cits of aiiiniaU which from then larp< « re an i thi density of their 
principal suhstiiue, uie usctui lu tlu arts for purposes u ilogous tu those tor which 
true ivory in nsid , and some of those dental tissuis sut I ns \U< ve of the large tusks 
of the hippopolAnitui, are muu stivietahle loi tertain | irpQia<s esfieoially m the 
manufacture of aitihi lal teeth by the dentist, thin anv ili i >t tooth substance. 
Tlu miiit} of teeth in lommerce and in thi arts dciml b **y on a pecubat modi- 
b lua in ill r laws tf giowlh Loi the most f \it i il)« is in our own frames, 
liiviTig uUnin d a leitaiii sise and Bb*ipc, ciise to j^i » I hey are ineaiiaMt of re- 
1 VI n th( waste to which they are liabU thi 014 h daily use and when woin away 
1 affiUe 1 1 V decay th« y ] erish J cith of this k nd aic said to be ot limited giowth , 

I ut th re an otbtr f ctli such as the front tictli of the lat rabbit, and all the rodent 
ti be the tusks 01 tlu boir ar d hippopotimus, the long descending canine tusks of 
till walrus the still loiigir spiral horn like tusk of the narwhal and tlu 11 or} tusks 
ot the clcpbint, which aic (iidowcd with the piopert} of peipctual growth, that ui| 
thci glow as long av thi iinii ul lives 

** In teetli < I unlimited growth ficsli pnlp fresh capsnle, and in son e instances also 
flesh enaiiul organs are formed, and added to the pre existing constituents of the 
tooth nintriY, in proportion as those are calcified or converted into tooth substance , 
and os fiist us the ivoi \ and cti iinel may bo worn away from the summit of such a tooth* 
w til ivorv and cnauiil bi formed at its base, and thus the growth of the tooth is unin* 
tcirupted I ho ratio of thi idditiou of thi foniiati\e prineipli s is at first gnater than the 
ratio of abiasum, and the tooth not only grows, but iiioriases in sue When* how- 
ever, the animal has attained its full growth* the tooth for the most part is reproduced 
without increase ot site, or at most, augments only m length, and that in cases where 
Its summit IS not perpetually worn down by being opposed to that of an opposite tooth " 

With respect to the distribution of the ikpbaut tic same authonty (iVq/essor 
Owen) has the following remarks — 

**ln the presint creation, elephants are restricted to the African and Astatic con- 
tinent 1 he African elephant, as is well known, is a distinct species from the Asiatic 
one * and some of the Asiatic elephants of the larger islands of the Indian Archipelago, 
as those of Sum'itra, if not sptcifially distinct from the elephants of Continental Asi 1, 
foiiu, at all events, a strongly maik^ variety With refirence, however, to the com- 
mercial relations of ivory, it is chiefly worthy of notice that in the Asiatic elephants* 
tubks of a size which givis them the value of ivory in commerce, are peculiar to the 
males, whilst in the African el< pbants, both males and females afford good sized 
tusks, although there is a sexual difference of size in this species, those of the males 
being the largesti In former tiioes, and as it would seem* before man existed to 
avail himself of this beautiful animal substance for use or ornament* the large 
animals furnishing true ivory proboscidian quadrupeds, as they are termed* from their 
peculiar piihensile nasal appendage, were much more widely spread over the globe 
and existed m far greater numbers than 10 the present day, more nttinoroai m indi- 
viduals. more numerous m species, manifi sting so great diversities in the confor- 
mation of their gimding teeth, as to have led the naturalist and the paUsontologist to 
divide them into two genera, called Elrphaa and Mtutodem A tme elephant roamed in 
countless herds over the temperate and northern parU of Europe, Asia, and America 
Thie was the creature called by the Russians, Mammoth, it was warmly clad with 
both hair and fhr, as became an animal deriving 11111601006 from the liavei and 
branehei of trees, which gtow as high m the 65 th degree of north Utitnde Some of 
the ivory of commerce is, or need to he* derived fton the tusks of this extinct 
spades ** 

'1 he ivorv of the tasks of the Afnein elephant 11 most esteemed by themannfhetiirsr 
fbr Its density and whiteness 

The ontiiM of the tnsk of the dephaat u covered by the cortical pan, which is 
softer and less coinpaet than the mtenor substance, with the exceplion of the brown 
plate that sometimes lines the mtenor cavity The hardest, wnghest, whitest, and 
most translnoent ivory has the preference m the market , fbr many pnrpcefr the 
horn of the narwhal being cotutdered the best The horn of the narwhal is to me- 
tiines ten fbet long. 
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The {▼ory of the hippopotamna ig preferred by dentisti; it if much harder thao that 
of the elephant, its colour is a purer white, and it is almost flree from gram. The 
teeth of the walrus, sometimes called the sea cow, which hanf^ perpendicularly from the 
upper jaw, are also used for the same purpose. The masticating teeth of some of the 
large animals are occasionally used as ivory , those of the speimaceti whale are of a 
Diittened oval section, and resemble ivoiy in section, but they are dark coloured towards 
the centre, and surrounded by an oval band of white ivory. 

Ivory has been used for ornamental works from the earliest periods. Phidias is 
stated to have been famous for his works made in ivory combined with gold, and 
described as the Tonnfic Art The ivory statues of the ancients appear to have been 
formed upon ccnties, or cores of wood covered with plates of ivory. 

In onr days ivory has been extensively employed by the miniature painter ; if is 
used by the turner in the manufacture of numberless useful and ornamental articles , 
the cutler makes his best knife handles from it ; and the philosophical mstrumont 
maker consti uc^s his scales from this material 
When n oiy shows cracks oi fissuri s tn its substance, and when a splinter broken off 
has a dull aspect, it is reckoned of infeitor value. Ivory is distinguishable from bone 
by Its peculiar senii transpirent rhombohedral ndt-work, uhich may be readily seen 
111 slips of ivory cut transvirscly. 

Ivory is very apt to take a yellow-brown tint by exposure to oir. It may bo 
whitened or bleached, by rubbing it first with pounded pumice-stone and water, 
then placing it moist under a glass shade luted to the sole at the bottom, and exposing 
It to sunshiue The sunbiamb without the shade would be apt to occasion fissures in 
the ivory. The moist rubbing and exposure may be repeated several times 
For etching ivory a ground made by the following recipe is to be applied to the 
polished surface:— Take of pure white wax, and transparent tears of mastic, each 
one ounce ; asphalt, half an ounce. The mastic and asphalt having been separately 
reduced to fine powder, and the wax being melted in an eai thenware vessel over the 
fire, the mastic is to be first slowly strewed m and dissolved by stiirmg , and then the 
asphalt m like manner. This compound is to be i>oured out into lukewarm water, well 
kneaded, as it cools, by the hand, into rolls or balls about one inch m diameter. These 
should be kept wrapped round with taffety. If white lesin be substituted for the 
mastic, a cheaper composition will be obtained, which answers nearly ns well ; 2 oz 
asphalt, 1 oz resin, oz white wax, being good proportions Callot’s etching ground 
is made by dissolving with heat 4 oz of mastic m 4 oz. of very fine linseed oil , filter- 
ing the varnish through a rag, and bottling it for use. 

Either of these grounds being applied to the ivory, the figured design is to 
be traced through it in the usual way, a ledge of w ai is to be applied, and the 
surface b to be then covered with strong sulphuric acid The cftect comes better out 
With the aid of a little heat ,* and by replacing the acid, as it becomes dilute bv ab- 
sorption of moisture, with concentrated oil of vitriol Simple wax may be emploud 
instead of the copperplate engravers* ground , and strong muriatic acid instead of 
sulphuric. If an acid solution of silver or gold bo used for etching, the design will 
become purple or black on exposure to sunshine. The wax may be washed away with 
oil of turpentine. Acid nitrate of silver affords the easiest means of tracing permanent 
black lines upon ivory. 

Ivory may be dyed by using the following prescriptions : — 

1. the ivory be laid for several hours in a dilute solution of neutral 
nitrate of silver, with access of light, it will assume a black colour, having a 
slightly greSa cast A still finer and deeper black may be obtained by boiling the 
ivory for some time in a strained decoction of logwood, and then steeping it in a solution 
of red sulphate or red acetate of iron. 

2. Blue dif€ — When ivory is kept immersed for a longer or shorter time in a dilute 

solution of sulphate of indigo (partly saturated with potash), it aasumes a blue tint 
greater or less intensity , . 

3. Green dfye. — This is given by dipping blued ivory for a little while in solution of 
nitro-munate of tin, and then in a hot decoction of fustic. 

4. Yellow dye — ^is given by impregnating tlie ivory first with the above tin mordant, 

and then digestmg it with heat in a atrained decoction of fiistio. The oolonr passes 
into orange, if some Brazil wood has been mixed with the Aietlo. A very fine on-* 
changeable yellow may be communicated to ivory by steeping it 18 or 84 houw • 
strong soluQOD of the nentral ebromate of potash^ and then plunging U for some tune 
in a boiling hot solution of acetate of lead. . „ 

5. Bed ^e— may be ^ven by imbuing the ivory 4tst with the tin wordsn^ ^ 
plunginglt In ahath of Brazil wood, coehtneal, or a mixture of the two* La«4yS W 
be ub«d with still more advantage, to produce I soailet tint. If the ionrlet 1^8^ ^ 
plunged for a little m a solution of potestb It will become cherry red* 
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6. Viofrf dye-An given in tbe logwood batli, to ivoi^ pVirloiinly noidaDted for a 
short time with solution of tin. Vi^hon the hath becomes exhausted, it imparts a lilac 
hue. Violet ivory is changed to purpic-red by steeping it a Ihtle while ha water con> 
taining a few drops of nitro muriatic acid. 

With regard to d} eing ivory, it may in general be observed that thecolooM pahetrate 
better before the sniface is polished than afterwards. Should any dark spota appear, 
the} may be cleared up by rubbing them with chalk ; after which the iyo^ should be 
dyed once more to pniduce perfect uniformity of shade On taking it out of the boiling 
lii>t dye bath, it ought to be immediately plunged intooold \^atvr, to prevcftt the chance 
ot fissures being caused by the he<it 

Amtine dyis — Any of these colours give a fine and pninaucni colour to Ivory* 

If the borings and chips of the ivory-tumer, called ivor> duet* bo boiled in water, 
a kind of fine sisc is obtained. 

Ivory mwiiJltxibU, Ivory articles tnay bo made fiejtihlc and semi-transparent, by 
I’lnn* isiiig thm in a solution of pure phosphoric acid ol sp gr ri30, and leaving them 
thire till tUe> lose their opacity ; they are then to be ukeu out, washed with water, 
.ind drie<i with a soft cloth } it thus becomes as tlcxii.le as leather. U hardens on 
ctptMuru to ^y air, hut resumes its pliancy when immersed in hot water. Meeks of 
t hildien ^ sucking bottles are thus made. 

The following ticcouni of the methods of preparing this material, we extract ftom 
IIoltzapffePM Mechauitaf Mantpvbttion. 

** On account of tlicgn^at vplue of ivory, it requires considerable judgiacnt to be 
«>niplojvd in its preparation, ft om three conditions observable in«the form of the tusk ; 
first, Its being curved lu the direction of its length *, secondly, hollow for about half 
that extent, and giadually taper fVom the solid state to the thin feather edge at die 
loot; and thirdl), elliptical or irregular in section. These three peculiarities give 
1 ise to as many separate considerations in cutting np the tooth with the requisite 
economy, os the only waste should be that arising from the passage of the thin blade of 
the saw : even the outside strips of the rind, called spills, are employed for the handles 
of penknives, and many other little objects ; the scraps are burned in retorts for the 
manufacture of ivory black, employed for making ink for copper plate printers, and 
other uses, and tbe clean sawdust and shavings are sometimes used for making Jelly. 

** The methods of dividing the tooth, cither into rectangular pieces or those of a 
circular figure required for turning, are alike in their early stages, unti^the lathe if 
resorted to. The ivory saw is stretched in a steel frame to keep it very tense ; tbe 
blade generally measures from fifteen to thirty inches long, from one and a half to 
three inches wide, and about the fortieth of an inch thick ; the teeth are rather 
coarse, namely, about five or six to the inch, and they are sloped a little forward that 
is, between the angle of the common band-aaw tooth and the cross-cut saw. The 
instrument should be very sharp, and but slightly set } it requires to be guided very 
correctly in entering, and with no more pressure than the weight of its own frame, 
and is commonly lubricated with a little lard, tallow, or other solid fat. 

** The cutter begins g<«ncraUy at the hollow, and having fixed that extremity parallel 
with the vioe, with the curvatuic upwards, he saws off that piece which it too win for 
his purpose, and then two or three parallel pieces to the lengths of some particular 
works, for which the thickness of the tooth at that part is the most suitable ; he will then 
saw off one very wedge-fiirm piece, and afterwards two or three more pandlel hlooki, 

** Id setting out the length of everv section, he is guided by the gradually increasing 
thickness of the tooth; having before him the patterns or images of his various 
works, he will in all cases employ the hollow for the thickest work it will make. As 
the tooth approaches the solid form, the consideration upon this score gradually ceases, 
and then the blocks are cut off to any required measure, with only a general r^crenCe to 
the distribution of the Ace/, or the excess arising from the curved nature of tbe tooth, 
the cuts beiug in general directed as nearly as may be to the imaginary centre of enr- 
vatura. The greater waste occurs in catting up very long pieces^ owing to difihr- 
eoee between tbe straight line and the curve of the to^ on which account the 
blocks are rarely cut mom than five or six inches long, unless for some 
object'* 

P. L. Simmondi has given the following as the weights of large ^f^hants* 


Mr. Gordon Comming had one weighing *• . . 

Mr. Cawood, of Graham's Town, bad a pair weighing 
From Gamaroon, shipped to Liverpool . • . 

A tusk imported at Bristol 

At the Great Exhibition of 1861, task - 


178 Ibo. 
•8Qlhs, 
184 tbs* 
M71bs. 
188 Ihi. 
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ImporlH of Ivory in the Years 1863 and 1664. 


Tbbth of the Elephant, Sea Cuw, Set Iluree 


1S03. 

1864. 

or b«a Mono. 


Cwti. 

WM 

Cw'i, 

romputed 

HettlVdlue. 

Holland - ... - 


344 

£ 

9,231 

214 

£ 

6.789 

Hamburg .... - 


- - 

- 

331 


Portugal - ... - 


611 

16,469 

674 

21,874 

Kgjpt 


1,244 

34,370 

2,356 

75,042 

Fernando Po - - - - 


310 

8,558 

501 

15,851 

Portuguese Possessions in West A Inca 


516 

14,119 

397 

12,560 

AVest (’’oast of Africa - - - 


450 

12,664 

634 

20,493 

East Coast of Africa ... 


- 

. 

812 

25,739 

United Slates : North Atlantic Ports 


“ e 

. 

222 

6,975 

„ I’orts on the Pacific 


- 

- 

47 

1,033 

Malta ------ 


605 

19,833 

954 

30,448 

Siei 1 a Leone - - - - 


54 

1,466 

55 

1,756 

Briiitih Pobsessions on the Gold Coast 


59 

1,584 

62,389 

171 

6,355 

„ „ in South Africa 

British India : Bombay and Sindc - 


2,233 

1,113 

35,475 


- 

- - 

2,786 

85,710 

„ Madras - - - 


- 

- 

3 

93 

„ Bengal and Pegu - 


- 

- - 

11 

346 

India, Singapore, and Ceslon 


2,628 

72,053 

— 

— 

Singapore and Eastern Straits Settlements 

. 

- 

29 

937 

Other parts ----- 

- 

144 

3,323 

187 

5,814 

Total - - - - 

- 

9,290 

266,059 

11,497 

361,884 


IVORY BLACK (iVbtr tTivoirCf Fr. ; Kohk von Elfetibem^ Germ.) is prepared 
fi om ivory dust, by calcination, in the ywj same way as is described under Bone 
Black. The calcined matter beisig ^und and levigated on a porphyry slab affords 
a beautiful velve^ black, much us^ in copperplate printing. 

IVORY, FICTILE, is plaster of Paris which has ^n made to absorb, after drying, 
melted spermaceti, by oapillary action, or it may be prepared accoiding to Mr. 
Franchi’s process as follows Plaster and colouring matter are employed in the 
proportions of a pound of superfine plaster of Paris to half an ounce of Italian yellow 
ochre. They are intimately mixed by passing them through a fine silk sieve, and a 
plaster cast is made in the usual way. It is first allowed to dry in the open air, 
and is Uien oaretblly heated in an oven ; the plaster cast, when thoroughly dry, is 
boaked for a quarter of an hour in a bath containing equal parts of white wax, sperma- 
ceti, and stewine, heated just a little be}ond the melting point. The cast on removal 
is set on edM, that the superfluous composition may drain off, and before it cools, 
the surface is brushed, w ith a brush like that known by house painters as a sash tool, 
to remove any wax which may have settled in the crevices ; and finally when the 
plaster is quite q|U, its surface is polished by rubbing it with a tuft of cotton wool. 

IVORY JlP'r or Vkoetable Ivokt. (Corosos). A species of the screw 
pine PanaS^oe growing in Central America and Columbia. The PhuteUphas 
maerocarpa produces these nuts, which have a structure somewhat resembling that 
of ivory ; but it more nearly resembles white wax. The ivory nut is not usw for 
any important work. 


J- 

JACARANDA BRAZILIANA. A Brazilian name for the tree producing the 
Rosewood. 

J ACK, called also yocA in a box, and hand jack, is a portable, meohanioal instrument 
consisting of a rack and pinion, or a pair of claws and ratchet bar, moted hf a winch 
handle, for raising heavy weights a little way off the ground. 

J ACK and J ACK-SINKEBS, are parts of a stockmg fhune. flee fioemnt* 

J ACK-BAOK, is the largest jack or vat of the brewer. 

dAC^ BLACK. The adners’ name for the solfilhtde (eolplmret) cf fiinei or 
blende. See Zimo. 

JACK-TREE. The Indian Jaea, Artocarpnaa inUj/rf/blia, whleh yMd a WlOly 
of the bread-firait Its fibres are also employed for many purpoces hy Ifco 
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JACQUARD. A peculiar and most ingenious mechanism, invented %y M. Jac- 
quart of Lyons, to be adapted to a silk or muAlin loo*u for sapcMling the employ menv 
of dra«-l)oys, in wearing figured goods. Znclcpeodeiitly of the ordinary {day of the 
warp threads for the formation of the ground of such a web, all those threadg i^icli 



rbonid rise eimultaneoadj to prodoee the figure, have their appropriate bealda, whicli 
a child formerly rataed by meaniof corda, that gmped them into a system, in 

the order, and at the time dmired by the weaver. Thie plan evidently oMpefSonffd no 
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Itule romplication in the mnrhinc, when the detlgn wm richly flgored i bnt the appo- 
iiittii uf Jncqunrt, which thi« inancsiivre to a regular tnechaniral operation, and 

clerivea im motion fniiii umiiiiilo fHKlal put in action hy theneaver'a feet, was genornily 
adopted soon after its invention in 18tM». Kver> euniincm loom la iiisceptible of re- 
eeiviiig this hc*nutiful appendage. It costs in France 200 fhuics or 8/. sterling, and a 
little mure in this country. 

/'ly 1045 IS a ft out elevation of this mechanism, supposed to be let down. /Iry 104G 
IS A croos section, shown iii its highest |)OMtion. /'Vy. I047« the same section as the 
prcec'ding, hut seen m its lower iHtHition. 

A, II the flac*d |nrt of the frame, sii|i|H)sed to form a part of the ordinary loom ; thcra 
are two nprights of wood, with two croM^htirs uniting them at their up^KT ends, and 
leaving an iiitc^rsal a y Itetwcm them, to place and work the movable frame ii, vibrating 
found two fixed points a a, placed laterally optHisite each other, in the middle of the 
apace jt 1041. 

c la a pieee of iron with a fieetiluir curvature, seen in (Vont.^Ty 1045, and in profile, 
Jii/a, 1040 Olid 1047. It is fixc'tlon one side upon the uppe^r (ross-biir of the frame ii, 
uiid on the other, to the uiternudiatc cross Imi A of the suiiie frame, where it shows 
nil mcliiitd cur\ilineiir spnee «, terminated below hy u semieircle. 

u IS A i(|uan‘ wiHHieii axis, mo\nhle tii>on itself round two iron pnots, fixed into ita 
two cuds , which axis occiipiis the iHittuiii of the niovahle frame ii The four fucea of 
this H(|iiarv axis are pierced with thns* lound, eejiia), truly -iKired holea arrangc'd in 
n iiiiincuitx. The tilth o, fiy lOlii, are stuck into e^aedi face, and et>rre*spond to 
holes II, Jit/ 10 »2, nuide in the cards which constitute theendie*ss ehuiii for the healds ; 
ao that in the sticccs i\e application of the cartln to each fhee of the square axis, 
the holes pKreed in one card ma} always fall opposite* to thom* pierced in the other. 

The* nglit-hand eiid of the square axia, of whicii a section is shown in double sire, 
Jij/. 1044, (arrics two square plafew of sheet iron i/, kept parallel toenchothei and 
u iuile apart, h) four spindles c. passed opiMisite to the corners. This is a kind of 
inntem, in wluwe spindli*!, the hmiks of the levers turning nmiid fixed points r/ if 
ht,umd the right hand upright a, catch liedd, either above or bedow nt the pleasure of 
tlie we nee r, iieeordnig as he merely pulls or lets go the coid a, dm mg the vibrateiiy 
iiioMiunit of the frame n. 


lot A 1049 



>. is a piece of wood shaped like a T, the stem of which, prolonged upwards, passes 
fret ly through the cross-har 5, and thremgh the upper cre>8S-har of the frame n, which 
ser\e as guides to it. The head of the T piece being appluHl succeHisively against 
the two spindles e, placed above in hurixontal position, first by its weight, and then 
by the spiral spring A, acting fVom above downwards, keeps the square axis in its 
|xuiition, while it traits it to turn upon itself in the tw o directions. The name /rress 
la gi ven to the aJRnblage of all the pieces whiih coiu]K)ic the movable fhime b b. 

I is a crnss'bar made to move in a vertical direction by meant of the lever a, in the 
notchea or groo^ea i, foimed within the fixed uprights a. 

H IB a piece of bent iron, fixed by one of ita ends with a nut and screw, npon the 
cross har r, out of the vertical plane of the piece c. Its other end carries a flrictioa 
roller j, which, working in the cnrvilmear apace c of the piece o, forces thi^ and 
consequently the (hime n, to recede fVora the penieodicular, or to return to it, ac- 
conling at the erott-bar r it in the top or bottom of itt eoune, at thown 1046 
and 1047. 

I. chcekt of iheet iron attached on cither tide to the croti-bar f, whMi terve at a tafe 
to a kind of claw k, eoiiipoted here of eight small metallic bars, seen in aectionyfgs. 1046 
and 1047, and on a greater scale in Ji^. 1049. 

j, upright akowcTt of iron wire, whose tops bent down hodkwite natnftlly pta^ 
tiiemselvet over the little ban K. The bottom of thAte tpindlea likewiae hooKM in 
the same direction at the upper ones, embracei tmall wooden btn /* whote office it 
to k^p them in their respective places, and to prevent them fron twiriing roii»d* 
■o that the uppermost hooks may be always direolfd Cowi^ the •otall mctlUlo hmt 
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npon which dMj iiii|iCD<L To thcic hooki fttmi hoiaw aro aitadifd iitriagi, which 
ittir having crnascd a fixed board m », piemd with cormpondmg bole* for this 
purpose , proceed sexi to bo alUichtd to the threads uf the loopa deeiiiied to lift the 
wuip threads a tt, hurironul ipiadhsor needhs. arnaflid h«ve la elglit several 
r iws, so th It cat h spindle corremnds bo4h huriseuitalh and vertidally to cteh of the 
hoks pit rad in iht lour fhoes or the square axis i> Iwi le are theivAira as aiany of 
th( s<* spiiidloa as there are holes in one of tiu. iat^i t uf the wtwHV. 

Fuf 10)0 rtpiesents one of thiiH horiiotitJl spindles a u aacyelsitthmsifrh which 
the corrcspondinf; ftrtieal sktatr passes oanothii elounated e^eUt. 4hntii|fb which 
a small hard s|nndk pasas to s ne as a K^idt* hut which dthS tiol hiudtr It fWnn 
moviu)^ Kngtliwiie within tlu limits of the hngih of thi ejfvkt |i, small sptml 
rprings placed in ttich h >h* of the i uui q if fij |041 tluy a rvo tht purpWof 
bringing bat k to its priiuitive position cticiy cumspoading noedlo as suott as it 
tcofis to press upon it 

low 
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In i 0 » 1 r I Its* fits the 1 1 in of the iippt r row of horixontal needles Fuf 10)2 is a 
ttvin^ni of tlu indU«>8 ihaiii. f mud with pi i for it* d cards, which are made to iir* 
(iiUk or tra^il by the rot itii n ot tlu shaft i> iti this moremint, each of the lu rfo- 
ritid cards whosi position form, and ntinibir, are dctiriiiiDcd by the op« ration of 
t>ing up of tlu w irj f I no s to In ipplud m siictcsMon agiinst the four fates uf the 
spurt. i\ M or drum Ita^ing ojan (he corrr spending holes, and covering those upon 
tlu tiicc of tlu axis wliuh hut no corits|x)nding litres upon the cord 

Mow lit us sup()oiic that tlu pnH$ ii ih let down into the vertical position shown in 
fif 1047, then the card applud agxtnsf the left face of the axis, leaves at rest or 
iintouthtd tlu whoU of thi horunntal spindles (skew era), whose ends comspond to 
tluac hoks hut pushis back thosi which are opposite to the iinpierctd part of the 
cartl, thirtb^ tlu eorrispondmg upright akewe rs, 3, 5, 6, and 8, tor example, pushed 
out of the perpendicular, nuhook themselves from above the bars of the claw, and 
Teiiniu in their place, when this i law comes to he raised by means of the lever o , and 
the skewers I, 2, i, and 7, which have remained hooked on, nri raised along with the 
warp threads attaehed to them Then hy the passage across of a shot of the eolonr, 
as well as a shot of the common weft, and a stroke of the lay after sbeddmg the warp 
an 1 lowcnng the press D an clement or point in the pattern is ccmipleted. 

The following card, brought round b) a quarter resolution of the axis, finds all the 
needles in thtir first position and as it is necessarily perforated differently from the 
(•receding card it will lift another senes of warp threads , and thus to sncceasioo for 
all the other cards, which compose a complete sysum of a figured pattern. 

This machine, complicate dm appearance, and which requires some pains to he nn« 
dtrstood, acts however in a very simple manner Its whole play is dependeat apon the 
movement of the lever 0, which the weaver hipiself causes to nse and fhll, by means 
of a peculiar ptdal , so that without the aid of any person, after the piece le properly 
reed in and monnUd, he can execute the most complex patterns u easily as he could 
wcixc plain goo^ , only attending to the order of his weft yams, when these happen 
to ht of different eoloors 

If some warp yams should happen to break without the weaver oberrving them, or 
should he mistake his coloured shuttle ysms, which would so fiir dtefimifa the pattern, 
hi must undo hit work. For this purpose, be mahee nse of the lower booked lever/, 
« h se purpose is to make the chain of the card go backwardi, wkile werkmg tke loon 
Bs mmal, withdrawing at each stroke the shot both of the ground and of the figure. 
The weaver is the more suhfect to make misiakea, as the figured side of tho web it 
downwards, mad it If only with the aid of u bit of looking'^glMS that hetakee a peep of 
his work fim time to tune. The upper eur&oe exhihm merely looee tkmodi in dif- 
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fennt poInU acrordin^ as Die patttrn rtqmns them to lie upon the one side or the 
other 

*1 hui it must hi o\idont, that such a nnmbtr of paste hoards arc to be | lovidtd and 
iiMMinud as equal the nimiher oi throws < f the shuttle between the be ginniiip^ and end 
of any fij^uri nr de sign winch is to bo woven , the piercing of each paste hnai 1 indi- 
vidually will (lep nd upon the arrangement of the lifting rod<i and their eonnectiem 
vith the Miirji which is Recording to the design and option of the weirkman gieut 
care must he taken thit the« holes come exactly opposite to tlm ends of the luedUs 
for this purpose two larf^e holes nie made at the ends of the paste iKiureU which fill 
upon conienl points b> which means the} are made to register corncti} 

It will he hence seen that, accorling to the length eif the figure ko must he the 
niimher of paste boanls whieh may be iiidily displaced so as to lemoimt and piodiice 
the flgiiie 111 a few minutes or remove it or leplare it orprc«ervc the figure forfeiture 
use the maehine of course will be iindersteMd to consist of man} sets of the lifting 
rods and nee lies sheiwn in the dia^riin as will Ik perceived h} oWrving the dispo- 
sitiein eit the hedes in th piste hoird the>st holes in ordei that they nin} be iici ii 
iitily distiihuted ire to be perced fioiii i giiip so tluit not the slightest sanation 
hIiuII tike plaee 

lo form Dust card slips an ingenions apparatus is einilnied b} which the prop r 
ste e I puiie he s ne|uiredfoi the piercii gof eae h d stmetcaid jie plueedinthe rrehtive 
situations prcpiiiutoi} to the operation of pieieing at d also by its meins a card mu} 
1 e pune heel with an\ number or hedes ntoneopeiati n 1 his disposition of the punches 
IB etfeete d bv ineons of i ids connected t ) colds elispe sed in a fiame in the n iture e f 
a false sun] ft, on which the pnttein <f the woii to li perfoimcd is first read in 

1 hese improsel purced cards si ps or piste h iids apply to a we iv ng appiratus 
which IS so arrari^ el that a figiiu to Ik wi ought e in be extended t lany distance along 
the loom and b} that means the om is reiiUred cipihlc of producing hi oad figured 
wniks liavinfi the long le\ci ei ] I c d in stub i situition that it iffords power to the 
foot eif the wea\(i and hi th s me tiis eiintles him to draw the heaviest morintures 
and ficuied wnii s without th assist inc ot a driw be>} 

I he miehineiv for at ran,, ing the ) uiiclies coi sists eif a frinu with fourupiight 
St 111 I irds iiid (MISS p eets whieli eontiins a senes of endless coids pissing undei a 
woed n le Ihr at bottom and over pulle}s at the top lliese piille }8 are mounted on 
axles in two fr lines place d ohliepiely oxer the top ot the standard frame, which pulley- 

I I lines const I lute the table comninnlx used by weavers 

Inotdei IkUci ti explain these endless cords fitj lO'*’! represents a sin^^lc endless 
(01 h 1 If whieh 18 lute shown in opei iti ii anel pirt of another endless cord, 2 2 , 
sh )wn statie nil} 1 he le must Ik as niai } endless 

colds m this ft nine as needles in the weaving loom 
a 18 the wooden cvl iider, uxolving upon its axis it 
the lower part of the stand ii N A / the two pullexs 
ot the pulley frames alaixt over which the ludixi- 
dual endless coid pisses ; r is a small transverse ring 
'lo each of these rings a weight is suspended by 
n single* threil, foi the purpose of gixing tension to 
the e tulle ss cord (f is a board lesemhling a common 
Cl uIki hui which is supported by the eioss bus of 
the standard ft nmc and » pierced with holes, m situa- 
tion ntid niimher corresponding with the perpendicu- 
lir threads D||lpish through them, whicn I card 
keeps the thrMs distinct ft^m eich other 

At e the endless cold pisses through the exes of 
wilts I escml ling needles whuh are eontainid inn 
wooden box placed in fiont oi the machine and show n 

III this figure in section oiil} 1 be sc wnes ate culled 
the pur eh profecton, Dic} arc guided and supported 
h\ hoiizontal rods and xerticil pins, the latter of 
which piBS through loops formed at the hinder part 
of the re spe ctive w ires A t /'arc two horixont il rods 
extending the whole width of the machine, foi the 
purpose ot producing the cross in the cords , g is a 
thiik brass plate, extending along in firontofthe ma- 
(hme, and l}ing close to the box which holds the 
puut h projfctor * , this plate g, shown also in section, 

18 called the punek*hwier ^ it contains the same number of apertures as thdu 
punch prqjt ctois, and disposed so as to correspond with each other fn each of ineje 
aiurtuus, theic is a punch tor the poipose of pier^fng the catde, slips, or psstehosiwi 
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with holes ; A is a thick steel plate of the same siie as ^ ai»d sboiflR Ukswiie in section, 
rorrespondinff also in its number of apeitares, and their dlspfleitkm. vith the punch* 
prmectors and the punch^holdcr. This plate A, le called the paae||hv«wtMr. 

The object of this machine is to transfer sneli of the punches as teap be required for 
piercing any indiridoal eard from the punch -holder p, into tliepunch-reesiTer A ( vbeu 
they will he properly sitoated, and ready for piercing the indiyiduai card or slip with 
buch holes as have been read in upon the machine, and are required (br pennittnif llie 
warp threads to be withdrawn in the loom, when this Usrd is brought against the ends 
of the needles. The process of transferring the patterns to the pouchis will be eflbeted 
lu the following manner. 

The pattern is to be read in, according to the ordinar) mode, as Ui a fiilse simple, 
upon the endless cords below the roits /, and passed under the ri^yotvlag wooden 
cylinder a, to a sufficient height for a ptraon in f^t of the mschjm' to reach coii%f 
Diently. He there takes the upper threads of the pattern, called the bearU, and drains 
them forward so as to introduce a stick behind the cords thus stlvaoctd, as sliown by 
dots, fur the purpeae of keeping them separate from the cords w Inch are '.ut intcnd<*d to 
he oi»erated upon. .\1J the punch -projectors which arc connected with the t ords brought 
forward will be thus made to ph«m through the corres{)oudiiig apertures of the puiieh- 
holder ff, and by this means will project the punches out of these aptMtiires, into cor- 
responding apertures of the punoh teceiver A. The punches will now be properly 
iirranged for piercing the required holes on a card or slip, which is to b( e&cted in 
the following manner. 

llciuove the punch -receivers flom the front of the machine; and having placed one 
of the blips of card or pastclxmni between the two folding plates of metal, completely 
pierced with holes corresponding to the needles of the loom, lay the punch-rcocner 
upon thobe perfoiated plates ; to which it must be made to fit by mortises and blocks, 
the eitttiiig parts of the punches being downwards. Upon the hack of the punch- 
receiver is theu to be placed a plate or block, studded with pt rpendicular pins, corre- 
bpoiuling to the above di scribed holes, into which the pins will fall. The plates and 
the blocks thus laid together, are to be placed under a press, by which meant the pins 
of the blocks will be made to puss through the u|)erturcs of the punch-rt‘ceiver ; and 
w lierever the punch has bt'cn defiosited lu the receiver by the above process, the said 
punches will be forced through the slip of pasU'board, and pierced with such holes us 
are required for producing the figured design in the loom. 

Kach card being thus pierced, the punch-receiver is returned to its place in front of 
the machine, and all the punches forced back again into the apertures of the punch - 
holder as at first The next act of cords is now drawn forward by the next Aninf, 
as above described, which sends out the punch-projectorB ua before, aud disposes the 
punches in the punch-receiver, ready for the operation of piercing the next card. The 
process being thus repeated, the whole pattern is, by a number of operations, transferred 
to the punches, and afterwards to the cards or slii^ as above detcribed. 

JADE, axe-stone (AfspAnte, Ceraumtet Fr.; Beilslem^ Germ.), is a mineral of a 
greenish, blutsh, or whitish coloui , compact, and of a fatty lustre. Spec. grav. 2*99 ; 
scratches glase ; is very tough ; fuses into a white enamel. It comes from China, and 
has been found in Australia ; it is used among rude nations for making hatchets; aud 
IS suseeptiblc of being cat into ai^ form. In China the jade is greatly valued, espe- 
cially the pure white varieties. These are worked into cups, and as ornaments fur 
the Joo-e, or emblem of power. 

The eom position of jade, as given by Kastner and Rannuelsberg, is — 

Silica 50*50 - - 54*()8 

Magnesia . « . • . 31*00 » - 2G01 

lame 16*06 

Protoxide of iron 2*15 

Peroxide of iron .... 6*50 


Alumina 

Chromium 


10*00 

0*06 BL MT. B. 


JAPAN EARTH. Terra Japtmka. See Gambxb. 

JAMAICA PEPPER. One of the names given to A i hsncR, which see. 
JAPANNING is a kind of vamishing or la^nering, practised with nxeeUenee by 
tlie JaDoneae. whence the name. 

The^y differenee between vamishing and Japanning fo that te application 
of every coat of colour or varnish, the object so Tamiahed is pl>M^ In im oven or 
stove at as high a temperature as can safely be employed without hilttring the iiticles 
or cBusing the varnish to blister or run. , . . ^ ^ ..t • 

ForMSkJ.,Minrtw«rt^tl«*r9Wiataaw»p«5*w«Iwllfc*^^rfbl.*,lw^ 

by mixing draeUvory fateck to a proper consistenoe with dark ecdoured anmi 
vaniiih, M this gives n blacker sorftee than ednld be produced by Japan filoiie. If 
VoL. 11. 3 D 
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the fttrihoe if required to be polished, fire or six eoets of Jeptii ire neceisary to give 
suflioietit body to prerent the Jepu being rubbed through in polishing. 

Coloured Japans are made by mixing with some hard varnishes the required colour, 
aud proceeding as described. See Varnisb. 

JARGOOl^ the name given to a variety of Zircon from Ceylon. It is seldom 
perfectly transparent, and is either colourless or grey, with tinges of green, blue, red, 
and yellow of various shades, but generally smoky and ill-defined. It occurs in worn 
angular pieces, or in small detach^ crystals, rarely exceeding 6 or 8 carats in weight, 
chiefly in the sand of a river in Ceylon. The sur&ces of the crystals are smooth, and 
possess a lustre more nearly approaching that of the diamond than any other gem. 
At the present day, though out of fashion and in no request, it is still occasionally 
sold for inferior diamonds. 

Davy says that the light grey varieties of the sircon are sold by the inhabitants of 
Ceylon as imperfect diamonds, the natives being altogether ignorant of the true 
nature of the mineral. It is most abundant in the diatriot of Matur^ whence it has 
its common name in Ceylon of Matura diamond. The colourless sircon is also cut 
and sold as a false diamond in the basoars of India. » 11. W. B. 

JASPKU (Jaape calcedoine, Fr.; Jaapis, Qenn.)iis a sub-species of quarts, of which 
there are five varieties. 1. The Egyptian red and brown, forming nodules with 
ring or tendril-shaped delineations. 2. Striped jasper, or clay altered by heat, and 
differing from true jasper by being fusible on the edges, before the blowpipe. 3. 
Porcelain liband or jasper. 4. Common jasper. 5. Agate jaaper. The prettiest 
specimens are cut for seals, and fur the inferior kinds of jewellery ornaments. See 
Lapidarv.— H. W. B. 

JATllOPIIA MANIHOT. A plant belonging to the Cuphorbiacese, feom which 
the Cassava meal is prepared, and from the express juice of which is obtained Cassava 
htarch and Tapioca, See Tapioca. 

JEAN. A twilled cotton, usually stnped. Satin-jeans arc woven so os to present 
a smooth glossy appearance. It is used for stays, &c. 

JEELY, ANIMAL. S >c Grlatinis, Gluk, and Ibinolass. 

JELLY, YEGET ABLE. A great many vegetable productions yield upon inflislon 
or decoction gelatinous solutions. These vary very much in character. The jelly of 
ripe currants and other berries, is a compound of mucilage and^eid, which loses its 
]iower of gelatinising by prolonged ehullitlon. 

JEMMIES. A woollen cloth made in Scotland. 

JERKED BEEF. Beef dried in the sun: much of this has lately been introduced 
fVom the South American States, but it has not hithi rto been much used, although it 
is sold at a very low price. 

JESSAMINE or JASMINE. A well-known family of plants. The Jaamium 
fruticanSf a native of the southern parts of France, J. odoratiasimnm^ a native of India, 
and J. sumbaCf a native of India and Arabia, are used to obtain the essential oil or 
jasmine. See Pbrfumkry. 

JET. (Jaiet, or jaia, Fr.) Jet occurs in the upper lias shale in the neighbourhood 
of Whitby, in Yorkshire, in which locality thia very beautiful substance has been 
>\orked for many hundred years. The jet miner searchM with great care the slaty 
rocks, and flnding the jet spread out, often in extreme thinness between the lamiim- 
tinns of the rock, he fallows it with great care, and feequently be is rewarded by its 
thiekonirig out to two or three inches. 

The Ites^t is obtained from a lower bed of the upper lias formations. This bed 
has an aviR^e thickness of about 20 feet, and is known os jet rock. An infermr 
kind, known as soft jet, is obtained from the upper part of the upper lias, and ftt»m 
sandstone and shale above it. The production of jet in this country appears to be 
limited to the coast of Yorkshire, ftrom about nine miles south of Whitby to BotUbv, 
about the same distance to the north | the estates of Lord Muimve being especially 
productive. There is a curioua allusion to this in Drayton's Polydbion. 

Th«' rtickii by Moultgrav n, too, my glorln fbrtli to set, 

. Out of thetr cranniiid rocks can gtre you perfect Jet. 

Dr. Young, in bis Geology of the Yorkshire Coast, writes — Jet, which o eears htfsiy 
considerable quantities in the aliiminons bed, may ^ properlv classed with tbs su wg^ 
as it apficara to be wood in a high state of bitatmeniaatwn. Pieces of irood 
witli silex are often found completely croated with a coat of Jet about on ioch 
But the most common form in which the Jet oeenrs is in eompabt massci 
half an inch to two inches thi^ from three eighteen inches mid, 
twelve feet long. The outer surfkce is always marked with longiCiidilial 
the grain of vood, and the transverse fraotore, which Is ooueholdal, ind hail laew®"* 
lustre, displays the annual growth In eompMSsed sBliiilieal .aohcii 

It does not appear to ns that Im** ligneous ongili*’^at 11 by an^aaeansiltMW^ 
indeed wo thiim the amount ofevideneeiiagidttst It ikvs iinC mmplaaiHf 
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OBD Icam. of tttjr diacoTenr of cnie Jet hotiiiff t mMkyflipkm or dMnring 

anythiog like tke eonyenion of wood into ^ eoelJihi JfkeMi Mpeon, 

howeyer, to heye been some conMon In tke eibSM*y«ttoli bMose kste t^en 
on the sabjeet. Mr. eNqi|isoB, the Intelligent enreior if UNb Wkil||y mnttnim, #ho 
has paid much attention to the snbjcot^ sayB» » Jet is imi f i tt y etaeUeted do bade 
been wood, and in many eases It nndoiibtemy iMs been io | |b^ tbe troedy dldnotttte 
often remains, and it is not unlikely that ooaWhnted yegblAlle matter m» bnye 
been changed into jet But it Is eyident that yegetsUe maiMi^ Is hot an riasntial 
part of jet, for we iWquently find that bone* and tte scalei Of fishes also hare been 
changed into jet. In the Whithy Museum them le a large mail of hmid, which has 
the exterior converted into Jet for about a q t a arter of an luSh m mlekness. The 
jnry matter appears to hare first entered the pores of the bouc^ and there to haye 
hardened } and during the mineralising process, the uhole bony matter has been 
gradually displaced, and its place oconpled by jet, so as to preserve its original form.** 
After an attentive examination of this specimen, we are not disposed to agree 
•entirely with Mr. Bimpion 

Jet oeriainly incrusti a mass which baa something the strnctnre of a bone, but, 

ithottt a chemical examination of itc constituents, we should hesitate even to say it was 
l)one. Wood without doubt has been found encrutted with jet, as ftfagments of animal 
matter may also havt been. But it is quite mconsisteot wi^ our knowledge of physical 
and chemical changes, to supposi that both animal and vegetable matter would undergo 
this change. By proceM qf tubittiutum, we know that silica will take the place occupied 
carbon, or woody mattir ; as, for example, in the foMil palms of Triuida^ and the 
silicified forests of JEJgypt , hut we have no example witbm the entire range of the 
coal foimatioiih of the world of carbon taking the place of any of the earths. 

Jet is found in plates, which are sometimes penetrated by belemnites. Mr. Bipley, of 
Whitby, has several curious examples, —two plates of jet, m one case enclose water- 
worn quarts pebbles ; and in another jet partially invests an angular fragment of 
quarts rock. ** This is the more remarkable,*' says Mr Simpsou, ** as quarts rock, or, 
indeed, any other sort of locky fragment, is rarely found in the upper uas.** 

The very fact that we find Jet surrounding belemnites, casing ^ventitious masses 
of stone, and investing wood, seems to show, that a liquid, or at all events, a plastic 
condition, must at one time have prevailed. We have existing evifdeace of this. Dr. 
Young, in the work already quoted, says* — ** In the cavities of nodules containing 
lietrifactions, we sometimes meet with jteiroleum^ or mineral od. When first exposed. 
It IB gtntraOy quite fluid and of a dark green colour ; bat it soon becomes viscid and 
black, and at last hardeus into a kind of pitch, which generally mdti with heat, and 
when ignited bums with a crackling noise, and emits a strong bhuminous smell.** 
tine more sample of evidence in favour of the view that Jet has been formed from 
wood. It is stated {ReetPe Illueirated Guide fo Whitby) that in ftront qf the efiff- 
work of Haibume Wyke existed a petrified stomp of a tree, in an erect poiMnra, three 
feet high, and fifteen inches 3'*mss, having the roots of coaly jet in a bed of shale ; 
whilst the trunk in the sandstone was partly petrified, and partly of decayed sooty 
Wi)od Even in this example it would appear, that after all, a coating of jet wba all 
that really existed upon this example of the cquisetum, which probably sianda where 
It grew. Mr. Simpson, in a valuable liitle poblicatlon, ** 7*Ae Foaeib ^ the York^ire 
Ltae deeertbed flam Nature, with a ehort OuUme qf the Geology of the Yarkehire Coaet" 
says : — •• From all we know respecting this besntifril miners], it appears exocedingl v 
probable that it has its origin in a certain bltominooi matter, or petrolenm, whicn 
abundantly impregnates the jet-rock ; giving out a strong odour wlmn it is exposed 
to the air It is ftwqocndv found in a liquid state in the chambers of ammonites and 
belemnites and other cavities, and, whilst the uosu^eious operator ia braakin^ a lias 
nodule, it fries out and stains his garment This petrolenm, or mineral oil, also 
occurs in nodules which contain no organic remains; and I have been inibnned by 
an cxperimieed jet miner that inch nodules are often associated whh a good seam at 
jet and are therefore regarded as an omen of sucoeiB.** 

Jet ia Bttpposed to have been worked in this couiftry long befora the tigui ^ the 
IMnes in Engisnd. for the Bomans eertainij used jet frnr omaowiital porpoaes. Lionel 
('harlkon, in & himory of Whitby, eaje, that be foond the ear-ring of n Uj fiairibg the 
fonnbf nhsifft trith a hole in the npper end for easpeniioB from the ear, U was foaoi 
in one of the Roman tamuli, lying oloie to the jaw bone. There existi no fionht that 
when the abbey of Whitby was the aeat of learning and tha nm of pOgteJet 
rotariee and erokiea wen common. Tbo aMmufiminn wasoarrlodon tinihilh#a of 
Eiiaabeili, when H seemi to have oeaeed euddenly, and was not leenascd till Ike yenr 
1800, when Robert Jeflisnon* n painter, and John Garter asafie bsafie and CMiMSwHh 
frlnandknlTeai--nneekfaafd,ittadolnfoiiinKiner,fotahedpnefoinai. AeRmsfar 

coming to WUtby mw rim wefklBff te tMernde wny,«Ml advisad tte to frv to M 
*ti they Ibllowcd hiaadvieeandfiMM it answer; aemml more then Joined tnim, and 

SB fi 



772 


JUTE, 


the trade has been gradually increasing since Most of the best jet ornaments are 
sent to London , the infenor ones arc mostly purchased for the American market 
The jet workers complain of the great scarcity of designs in jtt Several designs 
have been sent them, but the artists not being acquainted with tlie peculiarities of the 
material, their designs are not generally applicable, and the manufacturer is much 
more successful in the imitation of natural objects than any artificial combination 
JETSAM Goods cast into Ute aea from a ship in stress of weather , Jlotsam being 
the portion of a ship and cargo which remains Jloattng upoti the waters ; and laifan, or 
Ii^» goods, being mercliau<hse which is cast overboard, and sunk with a buoy 
attachtd, so that they may be possibly discovered 
JEWELLERY. Sie Gim and Lapioauy 

JEWELLER’S GOLD Usually an alloy of about 25 per cent of copper with 75 
ol gold. Stt Aixoi 

JEWELLER’S ROUGE A carefullj prepared peroxide of non, used for 
polishing 

Jl W iS Pn (II A tint variety of usphaltum 

JIGGING, a tniniiff/ Separating thi on with a griddle, oi wire -bottomed 
sievi, tlu heavier substances passing through to the bottom or lower part of the 
sieve, the lightei suhstauec remaining on tht upper part 

JINIA WAN A substance somewhat resembling caoutchouc, imported from 
India 

JUJUBE The fruit of the Lizi/phus vultiarut and L jujuha about tin size of and 
ni iilv itscinbling a small plum 1 he rrtncli confcctioneis prepare a lozenge from 
the juict ol the fruit, but nearly all the jujubes sold by our druggists andconfictioners 
uie iiurely dried mucilage flavoutcd and sweetened 
JUMPER, a Miuinq term A large boici, steeled at each end like chisel bits It 
is woiked bv the hand. 

JUNIPER A genus of plants bt. longing to the order Conifera About twenty 
spicus are knoun This plant is cultivated mostly tor its berries, which, when dis- 
tilkl with water, yield a volatile essential oil Thi berries arc largely employed iii 
thi iiiaiiutactiire of Hollands and gin The krench name of the plant is Genevti., and 
hi nee our English words ” gin ” and geneva ’* 

’J he Janipetus Bermuduma, the Rermudi red cedar, is a large tree with soft and 
ft igrant wood, and is what is used m making pencils, and by cabinet makers See 
( iuah 

JUTE consists of the fibres of two plants, called the ohouch and isbund (Cotthorus 
olitorius and Corchorus capsularts), extensively cultivated in Bengal, and forming, m 
fact, the material of whicn gunny bags and gunny cloth are made It fetches neaily, 
though not quite, so high a price as soon See Sunn. It comes into competition 
with fiax, tow, and oodilla, in the manufacture of stair and other carpets, bagging toi 
cotton and other goods, and such like fabnos> being extensively us«4 for these pur- 
poses in Dundee But it is unsuitable for c^oge or other articles into which hemp 
lb manufactured, from its snapping when t«riate£ and rotting in water —M^CuUoeh, 
I’he importance of jute as an article of masofacture is shown by the following 
statement of the exports from India. 


1 

Cwti 

Total Value. 

1 lfll^^» 

391,098 

£ 

88,989 

1 1851 

084,461 

196,936 

1 852 

585,027 

180,976 

1 1853 - ■ « « • • 

340,797 

112,017 

1 1854 

509,507 

214,768 

1 855 ***•■•** 

699,566 

880,841 

1856 

888,715 

329,076 

1857 - - • - • - - 

678,416 

874,957 

1858 *••■•** 

768,820 

808,898 

1859 ---«••« 

817,890 

526,099 

1860 ••mm m m m m 

761,201 

890,018 

1861 ••••••• 

1,098,668 

409,879 

1869 1 

1,888,879 

537,610 

^ 1868 • m m m m m 

1,866,884 

75Q«456 

1 


In 1864 our total imports of jute were 2,084,587 Cwtai total Talue^ 
and jute yarn, 1,265,317 Ibi ; declared value, 5BJ694i thd fa 1865, Cf Jole, 2,106,242 
owta valued at 1,774,992/ ; and of jateyam, 1,916,004 Iba, valocd at 49,7594 
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It is in Scotland especially where goods made from jotc rspreiieiit a large branch 
of industry. This very cheap raw material is employed there either pure or mixed, 
to make ordinary brown cloth, but more especially Mcking, packing cloth, and 
ooriiets The jute yarns used for carpets are of the richest and moat varied colours 
and are sometimes uBc>d in conjunction with cocoa-nut dhre. ISven the Rniiaels and 
velvet pile carpets are imitat^ with success in appearance but not m darability, 
Dundee and its surrounding neighbourhood am the principal teats of this frst in- 
creasing manufacture. The number of spindles aetiiu; on jute in Dundee ignow not 
niiK h short of 40,000, and we are iritormed that th« c msuuiption has tenched 50,000 
tons annually, at prices varying from ^d to 5d. the pound A veiy beautifhl cloth 
for binding books is made f om jute, and we learn, wit*i no smill degree of regret, 
that It IS employed for sophisticating silks and otliei expt*nsive articles of te\ tile 
manufacture. 

The rapid progress of the Jute manufacture is to he iccountt»d for by the low cost 
or the matcnnl, and its imssissing n lonstderdblc amount of spinning quality. See 
Jhitir*' International Exhibition, 1862. 


K. 

K A BOOK A name foi a clay ironstone in Ceylon - StmmonJn. 

K \h Wild iron , a coarse, false kind of iron ” (^I^torhsr) A mining term. 
In St Just, in Cornwall, a laflutf We is a lode contiininir much iron. 

KALEIUOPHON An inhtnimcnt devised by Prof Wheat^one An elastic thin 
bar 18 fixed by one of its extremities, and at its free end it carries a silvered or 
polished ball ; a ra> of light is reflected from this ball, and when the thin plate is put 
in vibration, the fine point of light describes various curves, correbpondiog with the 
miibical notes produced by the vibrations 

KALEIDOSCOPE. A well-known instrument invented by Sir David Brewster. 
It has been much employed in arts of design The leading conditions are that the 
angle at which the reflectors arc placed is a submnltiple of 360*^, that the only positions 
in which a body can be placed to form perfectly symmetrical images are between the 
ends of the mirrors, or in contact with the ends, and the eye molt be as near as pos- 
sible to the angular point 

KALI The Arabs gave this name to an annual plant which grows near the sea- 
shore ; now known under the name of taltola mda^ and from whose ashes they ex- 
tracted a substance which the> called alkah, for making soap. The term kali is used 
by German chemists to denote caustic potash ; and kahum, its metallic basis ; instead 
of our potath and potassium, 

KAMPTULIGON This article was first made in the year 1843, but, like most 
new productions, it remained for some time nnappreciated. At length it was naed 
by Sir Charles Barry for the corridors of the Houses of Parliament 

At first it was produced in its unstained colour, hut subsequently it has been 
stained of many different colonrs. It is also impressed with snrface eolonr designs of 
varied and appropriate sutijects. It is an admirable recipient of odonr, which 
penetrates throughout its suhstanoe, and remains permanent Kamptnlieon is com- 
posed of gatta-peroha, india-rubber, and ground cork. 

Other mateiials have been tried, such os prepared oil and ^nnd cork, hot this 
has not been very snooessfiil. In some, sawdust has been substituted Ibr oork. 

One of the great advantages of kamptnlieon is its poperty of deidenlng sonnd. 
The Kamptnlieon Elastic Floor-Cloth Compimy, who have extensive woiks at Bow 
Common, flimish the following notice of this manufactare 

Owing to the inmeased detaand for the kamptnlieon elastic floor-elcth, it has 
nceesiitared the erection of farther buildiaga, with addidooai steam-englnei and 
machinery, by which it is now produced In a vai^ of nattems M a for km coM 
than before, and oft eaperiormanofocture. This article being a eenhittnllcn of cork 
and hidia-rabbei;foiiiiif a noiselesq ud elaatle romerial, and being fo«Nmi|Uy Im- 
pcrvioni to is almost indastrttotihle, and always remams soft sad warn to foe 
h-et. It is made qnite plain, or figvied In of mrp^ myai » or iMfttsi^ 

desired. It is espeokl^iidagted for stone floorings. for ehnrdies, lastftauoii^ rSlU 
way-rooms, libraries, foo., foe. ^ • 

The flret neit of the asannfootiirlttg proeem is the perifleatkm of tte nat^ eaokt- 
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and wheo aufllciently lofltened, ii placed bi^fore a circular knife of cast steel, revolving 
at the rate of 3.000 times a minute, aud cut into small blocks; and is then tjUsen to a 
pair of powerful cast steel rollers, which seise it, and grind it with immense force; 
and aided by a jet of water, all the clay and foreign ingredients, are expelled and 
washed away ; it is passed sovcral times through this machine, till it is perfectly free 
from all impurities, when it is taken to a formidable apparatus, called the masticator, 
which consists of a massive structure of iron, fitted with cylinders, of which every 
part, being subject to a violent straining, is rendered as strong as possibla The material 
liaving been of a loose though tough mass, on entering this machine, is gradually 
crushed and worked down into a body of consistent substance, and has altered to a 
light-brown colour. This process is attended with the evolution of much heat, 
caused by the immense friction in the working of the material, and any water yet 
remaining in the mass is actually converted into steam, a succebsion of explosions 
constantly being heard in the apparatus from the disengaged air or steam ; it is then 
removed and worked into the proper consistency, by being passed through deeply 
indented rollers, which further griuds and incorporates it with the different colours. 
&c.. for spreading upon cloth and rolling into sheets fur steam-packing; this is the 
most tedious and expensive part of the manufacture, as it goes through several pairs 
of similar rollers, which require great mechanical power. After being brought to 
this state, which is varied according to the puipose for which it is required, it is 
taken to a still larger set of rollers, which consists of four cast- steel cylinders, each 
of twenty -two inches diameter, and sixty-two on the face ; these rollers are neauti- 
fully turned and polished, fitted with steam connections, as well as for hot and cold 
water, and are estimated to have cost upwards of 1,500/., there being great difficulty 
in obtaining rollers of so large a size. 

The material forms a sheet upon the first roller, and as it passes over, is pressed 
into the cloth through the other rolls and wound off in front of the machine on a 
roller connected with it the average speed of the machine is such as to produce 
1,500 to 2,000 yards per day. After leaving the machine, the fabric or rubber is 
subjected to the vulcanising process by being placed with sulphur in tempera- 
tures of fbom 300 to 370 degrees of heat, which renders the india-rubber highly 
elastic, and gives it the properties of resisting the influence of grease or acids. 
I'he whole of the machinery is worked by a pair of horizontal double cylinder 
engines of sixty horse-power, and one engine of thirty horse-power. Space will 
not pennit us to describe the further machinery for making all the various articles 
in detail. 

KANG AROO. A marsupial animal, native of Australia. Its tail makes excellent 
soup, and its skin, when tanned, becomes a soft and durable leather. 

KAOLIN or PORCELAIN CLAY {Terre aporcrhiinet Fr. ; Porzellanerde, Germ ) 
is the name nven by the Chinese to the fine white clay with which the} fabricate 
the biscuit of their porcelains. 

Kaolin is generally a hydrous silicate of alumina, expressed by the formula 
Al ‘si •^2Ha6ilica 40'0, alumina 44*5, water 15'5. The luolins possess very cha- 
racteristic properties. They arc friable in the band, meagre to the touch, and 
difficultly form a paste with water. When fireed from the coarse and evidently 
foreign particles interspersed through them, they are absolutely infusible in the porce- 
lain kiln, and retain their white colour unaltered. They harden with heat like 
other clays, and perhaps in a greater degree ; but they do not acquire an equal con- 
densation (M||||lidity, at least when they are perfectly pure. ^ Most of the 
clays contalRome spangles of mica, which betray their origin firom disintegrated 
granite. 

This origin may be regarded as one of their most distinctive featnni. Almost all 
the porcelain clays are evidently derived from the decomposition of the fklapari con- 
tained in granite, principally m Uiose rocks of felspar and quarto oallea graphic 
granite. Hence they are to be fonnd only in primitive mountain distrietii 
banks or blocks of granite, forming thin seams or partings between them. In 
same partings quarto and mica ooeur, beingthe andeoomposed portions of the granite ; 
while some seams of kaolin retain the extmnal form of felspar. 

The most valuable kaolins have been fbnnd— ^ 

In China and Japan. The specimens imported firom these ooantrios WW 
white } but are more unctuous to the touch, and more rnksceoui thiit the popsninin 
clays of France. . ^ 

In Saxony. The kaolin employed in the pogechim mannfitotoriet of 
has a slight yrilow or fieah oolour, which discppearsln the kiln, proving, as wauen* 
observed, that this tint is not owing to any metallic mattqr. 

In Frauoe, at Saint Yrieix-la^Perehe, ahonl 10 tcigoocllrom Limogsq. TjfJJJ*!*. 
oocurs there in a bed, or perhaps a vein of beds (ff grtnito,cr»thcr 
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rock called Pe-tun-Ue, which exifti here in every etaoe of deeonfpoiition. Tbii 
kaolin is generally white, but sometimet a little yellowiM, with bardty nny mica. It 
is meagre to the touch, and aome liede include large graina of qtiarta, called pebbly 
by the China manufactnrera. This variety, when ground* a^fo^l8, without the ad- 
dition of any fusible ingredient, a very tninspaient (loreelaln. 

Near Bapnne. A kaolin ptmssing the lamellated •tmeture of ieUpar la many 
places. The r^k containing it is a graphic gruaite in every stage of decomposition. 

In England, in the counties of Devunahire and C'omwulL This kaolin or China- 
clay is very white, and more unctuous to the touch than those, upon the oontiiient of 
Europe mentioned above. Like them it resulta Aom the d^'compoaition of the feLpars 
entering into the composition of granite. 

Nature has, up to a certain point, provided the article whi^h ',nan requires for the 
olaboratiw of the most perfect production of the potterV art. I'hc clay — China 
clay, as it is coiiimunly called, or kooha, as the Chinese have it is quarried ihmi 
aiindst the granitic massifs of Dartmoor and of Cornwall. We an ii'i* at all satisfied 
with any of the theories which have b«'en put forward to account lor ih»* formation of 
porcelain clay. It is commonly stated to be a dccoiiipoB4>d granite ; this rock, as is 
well known, eouaistiug of mica, quartz, and felspar, w ith sumetimci shorl and boni> 
blende. The felspar is suppus^ to have decomposed ; and, os this forms the largest 
portion of the lutiss, the granite is disintegrated by this process. We have, therefore, 
the mica, quartz, and the clay, forming together a soft mass, lying hut a short dis- 
tance below the surface, bnt extending to a considerable depth. It is quite evident 
that this stratum is not deposited \ had it been so, the particles constituting the mass 
would have arranged thcuisehcs in <il>edience to the law of gravity, towards which 
there is not the slightest attempt Hut we do not know by what process the decom- 
position of the solid granite could have been effected to a depth from the surface 
of upwards of one hundred feet and then, os it often does, suddenly to cease. This, 
however, is a question into which we cannot at present enter. The largest quantity 
of porcelain or China clay is manufactured in Cornwall, especially about St. Austell 
and Sr. Stephens; from which, in 1859, about 6U,000 tons were sent away to the 
potteries, and for paper making and bleaching. 

A spot being discovered where this substance abounds, the operation is commenced 
by removing the vegetable soil and substratum, called by the workmen the merhurd^n^ 
which varies in depth fhim about three to ten feet The lowest part of the ground is 
then selected, iu order to secure an outlet for the water used in washing the clay. 
The overburden being removed, the clay is dug up in etopes t that is, in successive 
layers or courses, and each one being excavated to a greater extent than the one 
immediately below it, the stopet resemble a flight of irregular stairs. The depth of 
the china clay piU is yarious, extending from twenty feet to fifty feet. 

The clay when first raised has the appearance and consistence of mortar; it con- 
tains numerous grains of quartz, which are disseminated throughout in the same 
manner as in granite. In some parts the clay ia stained of a rusty colour, from the 
presence of veins and imbedded portions of shorl and quarts ; these are called by 
the workmen weed^ capte^ and sheiif which are oarefhlly leparated The clay is next 
conveyed to the floor of the washing place, and is then ready for the first operation 
of the process. 

A heap of the clay being placed on an inclined platform, on which a little stream 
of water falls from the height of about six feet, the workman constantly moves it and 
turns it oyer with a piggk and shoyel, by which means the whole is ^[radually 
carried down into an oblong trench beneath, which is also inclin^ and which ends 
in a covered channel that leads to the caichpite about to be described. In the trench 
the graina of quarts are deposited, but the other parts of Ae clay, in conieqnenoe of 
their greater levity, are carried away iu a state of suspension. 

Hus water is conducted into a series of ^ts, each of which is about eight fbet long, 
four in breadth and in depdi, and is lined on the sides ond bottom with eat moorstone, 
laid in a waterproof cement In iheae pitt the poroeiain earth is gradually deposited. 
In the fiiit pit the grosser particles colleet ; and being of a mixed nature, are always 
rejected at the end of eeeh day's work by an openmg provided fn that purpose at 
the bottom of the pit H^n the water has filled the first pit, it overflows into the 
second, and in like manner into the third ; and in those pits, particularly In the 
second, a depoait also takes place, which is often preierv^ and is called by the 
workmen mka. The water, still holding in sospension the finer rad purer rartieiet 
of porcelain clay, next overflows Into larger pits, called jmedi, which m of m same 
depth es the first pits, hot about three ttmes as long and wide. Hare tha clay Is 
graduahy draosttsd, rad the 4slera sopenatrat water is hm tune to time dMismd 
by plug-holes on one side of tha poniL pmsis is aratiansd nntil, by sraessstva 
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Mi'umulationi, the ponds are filled. ^ At this staffe the clay is in the state of a thick 
]>aste ; and to complete the process it only remains to be consolidated by drying, and 
then it is fit for the market. 

This, however, is a tedious operation in oar damp climate, and is effected as 
follows :*-The moist clay is removed in hand-barrows into pans, which are con- 
structed like the p^t» and pon<fs, bat are much larger, being about forty feet long, 
fifteen wide, and a foot and a half in depth. The above dimensions may not 1^ quite 
correct, for I did not actually measure the pits ; they are, however, very near the 
truth. When the pans are nearly filled, the clay is levelled, and is then allowed to 
remain undisturbed until it is nearly dry. The time required for this part of the 
process must depend in a great measure on the state of the weather and the season of 
the year, because the pans are exposed to the air. During the winter at least eight 
months are necessary, whilst during the summer less than half the time is sufiScient. 

When the clay is in a fit state, it is cut into oblong masses, and carried to the dry- 
ing house,->an oblong shed, the sides of which are open wooden A'ames, constructed 
in the usual way for keeping off the rain, but admitting the free passage of the air. 

The clay thus dried is next scraped perfectly clean, and is then packed up into 
casks, and carried to one of the adjacent ports, to be shipped for the potteries. 

'I'hu porcelain earth thus prepared is of a beautiful and uniform whiteness, and is 
perfectly smooth and soft to the touch — Dr, B»au'§ of Cornwall, 

1477 



The works at Lee Moori on the borders of Dartmoor, being, however, fiir more 
complete, w^ave aelected them as the best for^our description. 8ce/g. 1477. 

Here wc quarry of this decomposed granite, shining white in the sunshinff and 
at the bottonrof this quarry are numerous workmen employed in filling trucks placed 
upon a trainwav. This native material is now carried off to a house, distinguished 
by the powerful water-wheel which revolves on one side of it, and here it unleigoes 
its first process in manufacture. The trucks are lifted, and the oontenta discharged 
into a hopper, from which the clav falls into inclined troughs, through wbiob a strong 
current of water piwses, and the day is separated from the lai^ particles of quarts 
and mica, these being discharged over a grating, throuah which flows the water charged 
with the clay and the finer matter, the coarser portion sliding off the grating, and fidUng 
in a heap outside the building. The water contains not only the pure day, but the 
finer particles of silica, mica, shorl, or of any other matters which mdy be mixed with 
the mam. To separate these flroin the clay, very complete arrangementi ire made. 
Lai|^ and deep stone tanks receive the watw as it comes tern tbs paffl, lb these the 
hravier panicles settle ( and.when eseb tank becomes fiULtBe mica, li disoliitged 
throng op^ngi in the bottom, into tracks ^Isefcd to fceeive it on a railway* and ui4« 
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pith, in which the clay is allowed slowly to deposit The vetev tMiflla a thin sheet 
ai one end, and gradually diffuses itself over the large aiea* Tlie elp^lti gH impalpa- 
hle imwder, falls down, and perfhotly Clearwater passes away it theeflMV iiid. From 
the cltty tanks marked and B in the plan, the srmi*ffaid ilaf If ptmpsril Into the 
clay-pans, benoatli which there circulates hot-waier pipsi^ ind in these the clay Is 
finally dried. When a thickness of about eighteen mches is obtained, eireppration Is 
promoted by the graduated artificial tcinperarafs produced by the water pipSf. After 
a little lime, the clay is safflcientl> hard to be cutout, and sumected to its fiiUd drying. 
Tlie clay is out out in squares of ahrmt eight inches, so that they form paralleiogiFaiiui 
when removed from the bed. These are then placed in heated momSf and being still 
further dried, are fit for the market. 

I>r. Richardson gives the following analyses of kaolin previoasly dried at 21i^. 
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- 46S1, 

11. 

46 29 

III. 

35*65 

AllllMM’i- - . - 



- .19 74 

40 09 

32-50 

Protoxide of iron - 



•27 

•27 

1-65 

Lime .... 



•36 

•50 

traces. 

Magnesia ... 



•44 

— 


Water and some alkali 



- I21W 

1267 

30 05 




09‘80 

99-82 

99*85 


The production of china clay in Cornwall has been as follows:^ 


1861 

1862 

186.1 

1864 

1865 


Tour. 

60,750 

61,5.50 

92,500 

9.3,710 

94,520 


Devonshire produced in each year of 1864 and 1865 about 8,500 tona 

The clay found near Newton Abbot in Devonshire, and eatending to Bovey Tracey, 
is a kaolin derived from the granitic districts, but nature has done the work of wash* 
ing and not man. This clay is shipped ftom Teignmouth, and is hence commonly 
called Tgign MOUTH Clay. In 1864, 37,824 tons were shipped; in 1865,42,038. 

KARA BE', a name of amber, of Arabic origin, in nse upon the Continent 

K A R N. A Cornish miner's term, ftreqaently, according to Borlase, used to signify 
the solid rock more commonly a pile of rocu. 

K A RSTENITE. The name mven by Haui to anhydrous sulphate of lime. 

KATTIMUNDOO or OUTTEMUNDOO. A caoutchouc-like substance ob- 
tained from the Euphorbia antiquorwn of Roxburgh. It was first exhibited in 
this country in the Gkoi Exhibition of 1851, being sent by Mr. W. Elliott fVom 
Vizagapatam. 

It was of a dark brown colour, opaque except in thin pieces, hard and somewhat 
brittle at common tempeFStures, but easily softened by heat Perfectly insolnble in 
boiling water, but becoming soft, viacid, and remarkably sticky and adhesive like 
bird-lime, re-assnmiug, as it cools, its orimnal character. 

It is said to be used for joining metal, &teDmg knife handles, &c* 

KEDQE ANCHOR. A small anchor with an iron stock nsed for warping. 

KEEL. A barge used on the Tyo9 to carry coal. These barges are constmeted 
to carry 21 tons. The keel ** is worked by means of one oar at the gunwale and a 
»weep at the stem. Of late yesis the build and rig of these vessels^ have been so 
gmatly improved, that they can now work to windward in as good a i^leaaairioQp.*' 
Dunn, Winning and Woridngof CoBkHei, 

KEELER. A manager of coal barges and colliers in the Durham and Northom- 
herland district. 

REG. A cask containing five gallons. 

KEEVE. a mining term, A large vat used in drening ores : also a t$m 

for a mash tab. 

KEIR. A boiler used In bteaebiag establishments. See ButoOHUiek 

KELP (Paree, F.( Wanchi, Gem.) is the crude alkaline BBalter prodtteed by 
iuciaeratiaf various ipeeies of 1)^, or seo-awsA They are cur with eioklef Aom ti^e 
rocks in the summer season, dried and then bomed, with much stirring of tbe nisty 
ash. Dr. Ore analysed many fpecimens of kelp, and fimnd the quintlly of pAible 
matter in 100 parts of the best to be ftom $8 to 62, while the insolable wee fkolttOT fo 
36. The solnhle oonaisted of— 
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Sulphate of soda 80 190 

Soda m carbonate and sulphnret - - - 8 5 5 5 

Muriate of soda and potash - - - - 36 5 37*5 

53 0 62 0 

The insoluble matter consisted of— 

Carbonate of lime - - - - 24 0 10 0 

Silica - -- -- ---80 00 

Alumina tinged with iron oxide - - - 9*0 10 0 

Sulphate of lime - - - - • - 00 95 

Sulphur and loss - _6^ 8*5 

100 0 100 0 


The first of these specimens was from Heisker, the second from Rona,both in the Isle 
of Skye, upon the property of Lord Macdonald From these, and many other analyses 
which were made by Dr Ure, it appears that kelp is a substance of \ery vanahlc 
composition, and hence ic was very upt to produce anomalous results, when employed 
as the chief alkaline fiux of crown glass, which it was for a very long period. The 
Futus vesiculoHua and fucus nodosun are reckoned to afiord the best kelp by in- 
tiiieration , but all the species yield a better product when tbty are of two or three 
years’ growth than when cut younger The varee made on the shores of Normandy 
contains alirost no carbonate of soda, but much sulphate of soda and potash, some 
hyposulphite of potash, chlonde of sodium, iodide of potassium, and clilondt of potas- 
sium , the average composition of the soluble salts being, according to M. Gay-Lussac, 
56 oi chloride of sodium, 25 of chloride of potassium, and a little sulphate of potash 
The very low price at which soda ash, the dry crude carbonate from the decomposition 
of sea salt, is now sold, has nearly superseded the use of kelp, and rendered its 
manufacture utterly unprofitable When the common sea wrack, commonly used 
for producing kelp, is incinerated in a closed crucible, it gives a charcoal termed 
rtgeiahla etktopa 

KENTISH RAG. See Rag and Raobione 

KEROSENE. A name given to one of the mineral oils, obtained from the oil 
wells and oil shales of America, and other places 

KERMES GRAINS ALKERMES, arc the dried bodies of the female insects of 
the species Coccun i/icts, v Inch lives upon the leaves of the Qutreustlex (prickly oak) 
Kirby and Spence, aud also Stephens, state that the Coccus tltcts is found on the 
Querrus cocciftra The word kermes is Arabic, and signifies little worm In the 
middle ages, this dye stuff was therefore called vermwulus in Latin, and vermeil and 
vermUwn in French It is curious to consider bow the name vermilion has been since 


transferred to red sulphuret of mercury. 

Kermes has been known in the Eastnnee the days of Moses , it has been employed 
from time immemorial in India to dye silk; and was used also by the ancient Oieek 
and Roman dyers I^lioy speaks of it under the name of cocuyranumf aud says that 
there grew upon the oak in Afhca, Sicily, &c., a small excrescence like a bud, calhd 
fustuUum; that the Spaniards paid wi^ these grains half of their tribute to the 
Romans, that those produced in Sicily were the worst ; that they served to dje 
purple , and that those from the neighbourhood of Emerita in Lusitania (Foriugal) 
were the best 


In Germw. during the ninth, twelfth, fhir eenth', and fourteenth centuries, the rural 
serfs were iHhd to deliver annually to the convents a certain quantity of kermes, 
the Coccus polontcus, among the other products of husbandry. It was collected ftom the 
trees upon St John’s day, between eleven o'clock and noon, with religious ceremonies, 
and was therefore called Johaumslhi (8t John’s blood), as also German ooefaineal. 
At the above period, a great deal of the German keimes was consumed in Venice, for 
d} eing the scarlet to which that ei^ gives its name. After the discovery of America, 
cochineal having been introduced, begdn to supersede kermes for all briUiant red dyes 

The -principal varieties of kermes are the Cocew quercun^ the Coceu» /mfonfont, the 
Coocus fraganmt and the Coccus uva ursi. 

The Coccus quereus insect lives in the SQuth of Europe npon the kermes oak. The 
female has no wings, is of the sise of a small pea, of a brownish-red oolonr, snd u 
covered with a whitish dust From the middle of May to the middle of June the egfp 
are collected, and exposed to the vapour of vinegar, to prevent their inenbation. A 
portion of em is M npon the tree for the meinteqenoe of the hroo<L Ih the 
deps^ent ofthe BouGhea-da-Bhon& one half of we kirmei cm is dHeA . 

The keimes of Polan4, or OacewpoSwicMi^ is found npon ihe foots efthe Swj N wg y 
sod the SekranAuB unmifiMt in indy asfo of tfaal emtry 

;aii species has the same properSw ae SrprSdiiigi one pound " * ^ 

Wolfe, being capable of dyeing 10 pounds of waul \ bnt Berniitaedt 


ingi one pott^ of neSOfNV 
bntBeniiitaedt oonid imI t 
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fine colour, although he employed 5 times as much of it u of eoehhmiL The Turka, 
Arineniiuis, and CiMsacks dye with kermes their morocoo leather, doth, silk, as well 
os the manes and tails of their horses. 

The kermes called Coccus fraqat la is found priiv ijtally in Siberia, upon the root ot 
the common strawberry. 

The Coenu uva vni'iti twice the site of the Polish kerinea, and dyes with alum a fine 
red. It occurs in Russia. 

Kermes is fimxul not only upon the l^ycopoduim etmphinatutn in the Ukraiae^ hut upon 
a great many other plants 

Good kermes is plump, of a deep red colonr, of an agri cable smell, and a rough and 
pungent taste. Its colouring matter is soluble in water and aloolvsl i it becomes yel- 
low ish or brownish with acids, and violet oi crimaon with alkalies. Sulphate of iron 
blackens it With altun it dytaablooil red, with copperas, on agate grey; with 
sulphate of cop]H'r and tartar, an olive green ; with tartar and salt of tin, a lively cin- 
namon yellow , with more alum and tartar, a lilac ( with sulphate of zinc and tartar, a 

loict Scaiiet and crimson dyed with kermes were eaUed gram eoloura. The red 
V «ps for the J>evant are dy.<d at Orleans with equal pans of kermes and madder, and 
oecasionally with an addition of Brasil wood. Rernius is but little used in England 
;it present as a dyeing snhstance. 

KERMES MINERAL. Pure mineral kermes is regarded by Berzelius, Fuchs, 
.ind Rose, as an amorphous tersulphuiei of antimony. As the preiiaratiou has no 
use in the arts or manufactures, for its mode of preparation and its chemical consti- 
tution we refer to Watts’ “ Oictionary of ilheinistry." 

KERMESITE Red antimony ore, composed of oxygeu, 5*29; antimony, 74 45; 
sulphur, 20 49. 

KERSEY. A coarse stuff woven from long wool, chiefly mannfhctured in the 
north of England 

KERSEYMERE. Commonl}* spelt cassimcrc. A fine fabric woven plain from 
the finest wools, a manufacture of the west of England principally. 

KETCHUP. A name derived firom the Japanese kttjap. It is prepared from 
mushrooms, especially from the Aganeua rampeatna^ by sprinkling them with salt, 
letting them drain, and boiling the juice wHh spices. Walnut ketchup is made iW>m 
green walnuts in a similar manner 

KHAYA. One of the largest and handsomest trees growing on the western 
coast of Africa The wood is of fine quality, and of a reddish colour like mahogany. 

KIABtICCA WOOD, called also Amboyna wood. This wood is said to be the 
excrescence or burr of the rtcroapermwm indicum^ or of the Vterocarpua draco, from 
tlie Moluccas, the Island of Borneo, Amboyna, &c. 

KIBBLE, a mining term. A bucket usually made of iron, in which the ore is 
drawn to the surface from the depths of the mine. 

KIDDERMINSTER. A carpeting so called from the place of its early mann- 
facture. This kind of carfiet is now principally made in Scotland. Kidderminster 
is composed of two webs, each consisting of a separate warped woof. The two are 
interwoven at intervals to produce the figures. The two webs being passed at intervals 
through each other, each part being at one time above and the other below, it will be 
evident, when the webs are of different colours, that the figures will be the same on 
both sides, only the colonrs will be reversed. These carpets should be made entirely 
of wool. 

KII.BRICKENITE. A yariety of Geocronite from Kilbricken, Clare county, 
Ireland. 

KILKENNY COAL. A variety of Anthracit*. 

KILL AS. The name given by the Cornish miners to the claw data ot that district 
It varies yery much in colonr and character, being sometimes of a elay -white, and at 
other times grey or blue. It is in one district stm s in another compact and hard. 

KILN (Four, Fr. ; Ofen, Germ.) is the name gifcn to yarioos fonns of fiiniRoes 
and stoyei, by which an attempered heat may be applied to bodies ; thus there are 
hrick-kilns, hop-kilns, lime-kilns, malt-kilns, potteiy-kiln«. See Brick, LdIkstonib, 
Malt, PoTTSBr, for a description of their respeetiyc kilus. 

KIMERIDGE CLAY. The sands which underlie the Portland Stone of Dorset- 
shire, and the south-west of England, are based upon a considerable thiekneas of 
dark brownish or hlnish-grey clay, to which the term Kimeridge Clay has been 
Riven by geolcgisti^ from me circnwitance of its being largely derelopM and well 
dMayed in tho ndgliboiiriiood of the yiUkge of that wase. 

Throughout the»e of Purhaek, hut tspeelally in tlm part it faiqaemloii, Bm clay 
■sBuiies a yiry ohsly and httumlnous chiViafir,soBMtiaiei p eae teg ioto Mi maselTe 
beds of hrowmeh ehaly eoel, p cmes si ngaaeia e l ie idallSrheti^ 

The Romansi and also the Oelti who k^Mtad the eoautiy peefhmily to Iti ia- 
yssion by the fimer nation, appear to bay# manuihetared the harder portloue of the 
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fcliale into cups and other articles, but, chiefly into beads, armlets, and bracelets, spo- 
cimeiis of which last have been found in the neighbouring barrows, in some cases 
still encircling the wrists of skeletons. 

Circular discs of shale, about the sise of a penny piece, have also been dug up in great 
numbers in this part of the Isle of Purbeek : as many as 600 were, upon one occa- 
sion, found closely packed together. 

Authorities have been much divided in opinion as to the origin and use of thes^ 
circular pieces of shale; by some they are supposed to have passed current as mon y, 
or tokens, whence the name of Kimcridge coal-money, by which they are commonly 
known, has been applied to them ; but, the most probable supposition is, that they 
M'ere the portions of the material fixed to the lathe, and left adhering to it afl«*r the 
armlets or other ornaments of a similar description had been turned from their outer 
circumferences, and that at some subsequent period these refuse pieces of the turner 
were worn as amulets or charms by the superstitious. 

The shale around Kimeridge abounds in animal and vegetable matter, the former 
consisting of the shells of oysters, ammonites, &c., together with the bones and teeth 
of large saurians and fish ; while the latter is in so finely divided a state as not to be 
distinguishable to the eye. Much carbonate of lime and pyrites are also present, 
especially in those portions in which animal remains are most abundant. 

The variation in the external character of the shale is accompanied by a corre* 
spending variation in the relative proportions of mineral and organic matter contained 
in it ; those portions which are the most fissile and slaty containing a large proportion 
of mineral matter combined with a relatively small proportion of organic matter; while 
on the other hand, in the harder and more massive portions which break with a con- 
choidal facture, the organic matter is greatly in excess of the mineral matter, as in 
shown by the following analyses. 



Ore) Ish-gri'pn delicately fla- 
aile Bhnle. 

Brown thaln 
with conriin. 
Idal fracture. 


A. 

B 

Amount of volatile matter - - - - 


52*8 

73*3 

“ “ iiuncral matter - - - 

80-49 

47-2 

26-7 


100-00 

100 0 

100-0 j 


When heated the shale gives off copious fumes of a disagreeable odour rcsembliug 
that of petroleum ; and when ignited, it burns of itself with a dull smoky flame, leaving, 
when freely exposed to the atmosphere, a reddish ash, which generally retains the form 
of the original fragment. 

The shale has long been used for fuel by the people of the district where it occurs, 
and the ashes left after combustion have lon^ been known to the farmers on the coast 
to exercise a beneficial influence upon their crops, especially turnips ; but the un- 
pleasant smell given out by it when burning has prevented it from being used except 
by the poorer inhabitants. 

Within the few years works were established at Wareham, for the purpose of 
extracting aumfiia and other products from the shale by distillation; but the manu- 
facture wad^fcaadoned in consequence of the impossibility of destroying the smell 
. given out by the naphtha. 

This defect having now, it is believed, been overcome, the works have lately been 
rc opened, and are now being carried on with every prospect of success. 

The chemical composition and properties of Uie shale have been recently tborougMy 
investigated by Dr. Hofmann, of the Government School of Mines. 

The following results were obtained by him from the distillation of the shale, at a 
high temperature, for the purpose of producing^gas : — 


Amount of gas, water, ammonia, &o. 

Amount of coke - - - - ‘ 36*5 — 100 0 

The shale distilled in a gas retort famished a gas composed of: — 

Olefiant gas an'd congeners . . . • • 8*8 

Light carburetted h^rogen'and hydrogtm - • 69*8 

Carbonic oxide 9*7 

Carbonic acid 

Sulphuretted hydrogen . - - - • 7*0^ 10 U *0 
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I'ho compoBition of this gas, freed ttom carbonic acid and •ulphurettad hydrogen, 
by ittssmg through an ordinary lime purifier, was as follows : — 

Olefiant gas and congcuers . . • • . 10*0 

Light carburetted h}drogen and hydrogen - • 79*0 

Carbtinic oxidt ... - - H lOO*© 

The composition of the coke producid was: — 

Carbon - - . . 78*4 74*8 

Ash - - - - 3 4 8 - i< J 

107 7 10^*1 

The cxccbs above 100 aitbes tium the presence of (ilpUidi^b in the coal, n Inch 
<luiing the process of incineration ubsoib oxygen and nre convened into snl- 
phutes. 

A ton of shale iurntshed 11,300 cubic feu of this purihed gas the illuminating 
I>(>wer of which, used in to argand burner, consuming '> c iihie feet per hour, e«iuallod 
that i4 4U Rpi* 1 oaudlt.h. Aihik the percentage of coke leinainiDg was 36 5. 

Tin. liquid and solid products obtained h> the distillation o( the shale at a low tem- 
pt lature, are an offensivtly smelling, dark bromn oil, suspended in an aqu ous hqmd, 

< htirged a ith sulphuretted hydrogen, carbonic acid, and ammonia. 

'i bis oil, purified and distilled with water, turnishes an oily liquid heavier than 
uaUi , a tar-like rtsidue hung Icit in the retoit. 

'J he oily liquid which, whiu punficd, gives out the odour of the finest varieties of 
loal-gaa naphtha, is a mixture of several chemical substances. 

When treated with (oncintratcd nitric acid, this oily liquid is divided into two por^ 
tioiis, one of which is dissolved by the acid, while the other insoluble portion Hosts on 
the surface ol the solution iii the form of n light colourless oily liquid, resenihling in 
Its general charaotir the hydroearbons of Boghead cost tar oil, and of pctroli am 
The nitric solution which forms the larger proportion of the oily liquid, when 
mixed with water, furnishes a dense, heavy, yellowish oil, with the odour of nitro- 
bepaol 

Hence it appears that the oily liquid obtained by the distillation of the shale consists 
chiefly of benzol and its humologiies, mixed with small quantities of petroleum 
hydrocarbons. When sufficiently purified it is applicable fur all the purposes for 
which benzol is employed, for dissolving india-rubber and gutta-percha, for re- 
moving stains firom fabrics, for preparing varnishes, for making artificial oil of 
almonds, &c. 

On subjecting to distillation without water, and at a rather high temperature, the 
oily tar-like residue remaining in the retort afier the crude volatile liquid obtained by 
heat from the shale had been distilled with water, other volatile products aie 
obtained. 

The first portion of the oil obtained during the distillation is of an amber colour 
when first distilled, and much less limpid thao the oil produced by distillation with 
water. It also possesses an offensive sulphnroos smell, which however is lost on ex- 
posure to the air, while the oil assumes a much darker colour. This oil is acted upon 
by sulphuric, nitric, and hydrochloric acids, by which, especially by the first, a portion 
of it is resinifie^ 

The remaining portion of the oil, when washed with water and afterwards distilled 
with steam, fomishes a perfectly colourless oil with the properties of paraffine. This 
list oil, wfaioh forms but a small fraction of the original oil, behaves in all respects 
like the paraffine oil obtained from Boghead cannel coal, and is applicable to 
the lubrication of machinery, a*«d all the other purposes to which that liquid is 
applied. 

The black, pitch-like, coky residue left in the retort resembles in general character 
the coke produced fnim coal in the manuiketure of gas. 

The ash of the incinerated coke contains nearly the same proportions of silica, 
aluinma, and iron as Portland cement The following is an analysis of the ash left 
by the shale which contains the larger amounts of mineral matter : ■— 

Alb of DorteUhIre ihair PortliuMi eement. 

Insoluble residue • - • 89*01 

Peroxide of iron ... 7T0 

SUica 

Alumina - • - - - 1060 

T..imo ■ • • • - 80'62 

Caihoiueaoid • * - 1003 


5*30 

- 88*38 

7*75 
. 54-11 

- t-lfi 


lOCHlO 



7H2 


KINO. 


The distillation of the shale at a low temperature^ for the parpoie of obtaining the 
liquid and solid a olatilc products, fbrnished the following results . — 



Analysis of A 




Mineral matter - 

611 

Coki 

715 ^ 

Carbon - - - 

150 



Hydrogen 

24 



Light oil (naphtha) - 

27 

Oily and solid vola- 


Hcavyoil,containingl J 
per cent of paraffine 


tile products 

14 6 ' 

96 

Gas, watir, ammo- 
nia &c - 

1 

Residue of pitch 

24 

1 

13 9 J 

Cans, water, Ac 

13 9 


100 0 


100 0 


Analysis of B 


C'oke 

43 0 1 

r Mineral matte 1 - 
L Carbon - - - 

23 5 
10 > 

Oil> and bolid volu- 
tili products 

39 0 j 

' 1 ight oil (naphtha) 
IlcavYoil, contaiiiiiigl 9 
per cent of fiaraflinc 

2 3 

3b 7 

Gas, water, &c 

ISO 1 

^ Gas, water, ammonin, 
&e - - - 

180 


100 0 


100 0 


The manufacture of the shale at Warcham, according to Mr John 0. Mausel, is 
< (inducted HI the following maunei — 

The retorts are charged with about 5 cwt ot shale, previously broken into piecis 
about two inches square, and the timpeiature is maintained as nearly uniform as 
possible In order to obtain the requited uuilorm temperature the retorts are con- 
structed so as to have backs of molten lead Thi gas fbimed in the retorts is then 
condensed by means of a leaden worm, and tlie product is a crude oil , a large quantity 
of gas 18 made during this operation, which is not condensed, but used ft>r ordinary 
purposes The crude oil is allowed to stand in long tanks for 48 hours, for the piii- 
pose of letting the ammoniacal water (of which there is a large quantity) subside 
The oil is then put into a still, and rectified once or twice as the case may be. The 
fust product is a light oil, making oveiproot 75^; the neat pioducts are heavy oils, 
containing paraffine, which is now in great request by nianufiictureMs 

The shale, on being taken out of the retorts, is plBce*d in close vessels, and when 
cool IS ground in a mill for manure. In its unmanufactured state the shale is not 
sufficiently rich in ammonia for this puipose ; but at this stage the artificial manure 
18 as valuable as Ichaboe guano, both having been recently analysed for the purpose 
of comparison Uy keeping the temperature low in the ictorts neither the phosphaus 
nor the organic matter are destroyed. 

The namejiaa been changed from Kimendge shale to South Boghead coal by the 
nianufactui;g|Mo failure of the late company (by whom the former designation was 
used) havmgTit was considered, rendered the alteiatiou expedient The term South 
Boghead coal was aelected from the resemblance to the Boghead coal of Scotland, 
now bu extensively worked near Edinburgh. See Naphtha; P&tboi.euk. 

KING’S BLUE See Blub Pighlnt. 

KINGSTON’S METAL An alloy which ii known Kingrtonli metal it mnch 
used for the bearings and packings of machmery. James Pole Kingston patented in 
1853 the use of an alloy which he specified as prepared in the following manner 
An alloy consisting of copper 9 lbs and tin 24 lbs is first melted ; when cooled it is 
remilted, and 108 lbs. of tin are added theieto and melted ; then 9 lbs. of mercury 
an added and the whole combined. When cooled it is ready to be uaed, 

KING WOOD IS imported from the BraaiL, and is sometimes cidled violet wood. 
This M one of the most beautifal of the hard woods, and la used inamall cabmet work* 

KINIC ACID. A peculiar acid extracted by Vanquelin from cino bo na. 

KINO is an extract obtained most probably from the Ptaroearpm mersiqnM 
which grows on the Malabar coast In India, kino it used for dyeing ei^toin a 
nankeen colour It is of a reddish brown colour, haa a bitter styptic ta'‘te, and con- 
of Unnm and extractive, 76 parti, and a red gam 26 parts, it is used only M 
astringent m medicine Kino is often called a gum, bat most improperly so. 
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KIP. A Ifalacot weight for tin, of 40 Ibf. 11 ot. aroirdnpoiio. S immo ndt, 

KIPS. The tannera call the akim of youM animali kipa. Tkoakina of ftill 
grown cattle of amall breed are alau ao called. Soe 1 JtATitai. 

K1RSCHWA8SER, ia an alcoholic liquor obtained by l^entlng and diaUUing 
bruiaed cherriea, called kirnchen in German. The cherry moally employed InSwitaer* 
land and Germany ia a kind of morello, which on matnration becomea black, and hat a 
kernel eery large in proportion to ita pulp. Whan npe, the firuit, being made to fall 
by awitebing the treea, ia gathered by ebildren, thrown promiacuoualy, unripe, ripe, and 
rotten into tuba, and ernahed either by hand, or with a wooden beater The muhed 
materiala are act to ferment, and whenever tbia ^oceaa ia eomplete, the whole ia trana- 
ferred to a atill. and the apirit la run off, by placing the put o%er the common fireplace. 

'I'hc fermented maah is uaually n.ould) before it ia put into the alembic, tlio capital 
of which ia luted on with a mixture of mud aud dung The liquor has aeo^ingly, for 
the moat part, a rank smell, and ia moat dangeroua to health, not only fooin its own crude 
t^ential oil, hut firom the pruaaie arid derived from thi distillatioii ol the cherry -atonea. 

'I'here ia h .uperior kind of kirschwoMer made in the Rlack Forcat, prepared with 
fewer kerocla, from ohoice fruit, properly pressed fermented, and distilled. 

KIRWANITE. A mineral found in basalt on the north-eastem coast of Ireland, 
onsiKting of ailiea, lime, alumina, and protoxide of iron. 

KNIFK CLKANINd MACHINES. Mi. Kenfs machine for this purpose eon- 
hihts of a box or ease, containing a couple of wooden discs, fixed near to each other 
iifKin a horoxontal iron rod or Kpindle, which passes through the case, and is caused to 
rotate by means of a winch-handle. Each disc is, for about three-fourths of the area of 
its inner face, covered \i ith alternate rows of bristles and strips of leather; and the re- 
maining fourth p.ut is covered with bristles only. The knife-blades to be cleaned are 
introduced througli the openings in the case, between the rubbing surfaces of the discs ; 
and rotatory motion being gi\eD to the discs by a winch-handle, the knives are ra- 
pidly cleaned and polished. 

Mr. Masters constructed knife-cleaning machines upon the same plan as the above ; 
but the rubbing surface of each disc is formed of strips of buff leather, with only a 
narrow circle of bristles around the edge of each surface, to clean the shoulders of the 
knives; small brushes arc fixed beneath the holes in the case, through which the 
blades of the knives are inserted, to prevent the exit of dust from the apparatus. 

Mr. Price has also devised a machine for cleaning knives, and another for cleaning 
forks. The knife-cleaner consists of a horizontal drum, covered with pieces of leather 
or felt, and fixed within another drum or circular framing, lined with leather or felt. 
The knives are introduced through openings, in a movable circular plate, at the front 
of the outer casing, and enter between the surfaces of the two drums. The plate is 
fixed upon a horizontal axis, which extends through the case, and is furnished at the 
back with a handle ; by turning which the disc is caused to rotate and carry round the 
knives between the surfiices of the drama The fork-cleaner consists of a box, with a 
long rectangular opening in th<' side; behind which two brushes are fixed, face to face. 
Between these brushes the prongs of the forks are introduced, and the handles are 
secured in a carrier, which is niiidc to advance and recede alternately by means of 
a throw-crank, and thereby thrust the prongs into and draw them out of contact with 
the brushes. The carrier consists of two metal plates, the lower one carrying a cushion 
of vulcanised indiarubber for the fork handles to rest upon, and the upper being lined 
with leather; they are binged together at one end, and are connect^ at the other, 
when the handles have been placed between them, by a thumb'Serew. 

KNOLLS. A mining term in Germany for lead ore separated from the smaller parts. 

KNOPPERN are excrescences produced by the puncture of an insect upon the 
flower-cups of several species of oak. They are compreseed or flat, irregularly pointed, 
generally prickly and hard; brown when ripe. They abound in Styria, Croatia, Solavoota, 
and Natolia ; those from the latter countiT being the best. They contain a great deal 
of tannin, ore much employed in Austria for tanmg, and in Germany flnr dyriog fawn, 
grey, and black. 8m Galls. 

KOFFO-HEMP. The name in tbe Moluccas for the Manilla hemp, or-ratherfor 
the fibres of tbe wild plantain of those islands, tbe JtfiMa UstUu. 

KOUMISS is the name of a liquorwhich the Cahnneks make by fermenting maro’a 
milk, and from which they distil a fevonrite intoxieating spirit, catlaAmA or nutky. 

The milk is kept in bottles made of hide till h beoemes soitr, is inaen tHl it easts 
up its cream, and is then set aside in earthen vessels, in a warn place to flfrmmt, no 
yeast being required, though somedhiee a little old komniss ia added, fll poundsof 
milk put into die still sffnd 14 ouneei of low wines, from which 6 ounces of pretty 
strong alcohol, of an unpleasant flavour, are obtained by reetifieatioo. 

KOURIE WOOD. The wood of the New Zeeland pine Damman Auefrefie^ one 
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of tlie most magnificent of the coniferous woods It is also c illed cowdit and kaurie 
wood It 18 much used for the masts of ships 

KRAMKUIA A shrub, whuh is a native of Peru, yielding the will known 
rhatan} loot, often used as a dtntiftice 

KUnOSO rC, or CULOSO TL One of rhc m iny singular bodies discovcrcdby Rei- 
chenbach in wood tar It derives its name fV»m flesh, and a<6C», 1 preserve, iii allu- 

sion to Its remarkable antiseptic pi operties A greatdeal of confusion exists in the pub- 
lished accounts of wood creosote, owing to the vanahlo nature of the results obtained by 
the chemists who hayc examined it This confusion isnotfound with thattrom coal, which 
undoubtedly contains two homologous bodies, C*^n*0* and » the first ht ing car- 

bolic, and the second cresylic acid. The composition of carbolic acid has long been 
known, owing to the researches of Laurent cresylic acid was recently discoyered by 
Williamson and Fairlic ('ommei cial coal creosote sometimes consists almost entire iy of 
ci esy lie acid. Coal oils, of very high boiling point, contain acids apparently homologues 
of carbolic acid, higher up in the series than even cresylic acid, and yctpcHectly soluble 
in potash — (Griviile IVtlliamv) There is little doubt that wood creosote consists 
essentially of the same substances as that from coal. The great difference iti the 
odour onscB chiefly fiom the fact of the product from coal retaining with obstinacy 
traces of naphthaline, paivoline, and chinoline, all of which arc extremely odorous 
No creosote found in commerce is ever perfectly homogeneous, nor, m fact, is it neces- 
sary that it should be so. If peifectly soluble in potash and act tic acid of the density 
1 070, and li it doi^s not become coloured by exposure to the air, it may bt consideied 
pure enough for all med 11 inal purposes 1 he oils from wood and coal tar may be 
made to yield criosott by the following pi oeiss The oils are to be rectified until 
the more \olatile portions (whuh are lightei than water) have passed over As 
soon as the product lunniug from the still sinks in water the rcccncr is to be 
t hanged, and the oils may he received until tlu tcinpeiaturc requited to send over 
th( Oil IS as high ns 1 Ihe oil so obt lined is to bo dissolved in caustic soda, 
ill insoluble 111 It being igeeted The alkiline solution, aftei being mechanically 
separated, as fai as possible, from the msiluble oil, is to be boiled for a very shoit 
tune Two advantages aie gaiiud by this operation,- any volatile bases become 
expelled, and a substance which has a tendency to become blown on keeping, is 
destroyed Sometimes the oil on treatment with potash yields a quantity of a 
crystalline paste This is iiaphtlialine, and should be removid by filiiation through 
coarse eulieo or canvas 'Ihe alkaline liquid is then to be supersaturated with dilute 
sulphuric acid, on w hich the creosote separates and rises in the form of an oil to the 
suifaec This creosote is already free from the greater number of impurities, and, 
if rectified, may be used for many purposes. To obtain a purer article the operations 
commencing with solution in caustic s^a are to be repeat^ If the alkaline solution 
OD boiling again becomes coloured, the purification must be gone through a third time. 
It 18 essential not to boil the alkaline solution long, or a serious loss of creosote would 
take place. According to Reieheiibach the boiling point of creosote is 397^. Carbolic 
acid boils between 369^ and 370°. Ciesylie acid Imils at 397°. From this it would 
appear that Reichenbach’s creosote consisted of cresylic acid. The specific gravity 
of creosote according to Reichenbach is 1 037 at 68°. That of carbolic acid is 1 065 
at 64° Carbolic acid and its homologues, when mixed with nuicklime and exposed to the 
air, y leld a beautiful red colour, owmg to the formation ox rosolic acid.— G. G. W. 

KRYOLITIV fife Cbtoute 

KITSS KfijgJb This 18 the tough fibrous rhizome of an Indian grass. It is woven 
luto a fabiW called tatty m India, it has an extensive use in the mannfkcture of 
awnings, blinds, and sunshades ; these are often sprinkled with water during the hot 
seasons, which, by evaporation, oooU the air in the apartment, and at the same time 
imparts an agreeable odour. . 

KY ANITK A stone, which is sometimes bine and traniparent. It ii then employea 
as a gem ; it reaembles sapphire. Its diemical composition is, silica, 37 '0 1 alumina, 

KYANIZLNG. A process for preserving wood, aaceessfally carried out by tno 
late Mr Ryan of New York A solution of oorrosive sublimate is forced into w 
l>orcs of the timber. This chlmide of mercury combines with, and ^agalates tne 
vegetable albumen, and thus renders the wood impervious to air or moistnxe. 

KYANOL The old name of aniline. It was applied by Runge to the base from 
coal tar —C G: W. 

KYROSITE An arsenide of copper, from ^riccios, near Annaberg. 
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LARDANTTM. A resin fi>and on tbe leaves of tlu <\fiicur, m raB4io. It 

u-<c»l in i)i*rfaiiu*r^ and for ptisttlcs 

LABRADOltl I'K, or liARIiADOH FELSPAli, lb rt bcautifal mineral, with 
brilliant changing colours, blue, iid« and green, Ac. Spio. triav S’70 to 9 7!i. 
S< I atches glass ; iiffords no water by catoination , fuaiblt d1 :he blowpipe into a 
liotbi bead; soluble in muriatio acid; aolutiou affords a cnpinus precipitate with 
ovulate of ammonia Cleavages of auclHo^^; ooe of whu'b is brilliant and 
pfurlv Its constituents 'ire, ailioa, 55 7.5; alumina, 2(. h , Jitue, 1 1 ; huda, 4 ; oxide 
1)1 noil, 1*2,5 Aatci, U *) 

l«abrttdt)rite receives a tino polish, and tbe beaut v of its chatoyant reflections ro- 
cciiiinends it as an article of ornament.*- 11 W B. 

LABITHNAM. Cytiaun tubumam {A^bois Commm^ Fr. ; GuUrcyen^ Oerm.) 
Ihc wood of the l.ibuiuam tree is sometiines used in ornamental cabinet-work and 
in marquetry, “in the Ittburnaiu there is this pcculiarit>, namely, that the me- 
dullary plates, which are largi* and very distinct, are white, whereas the fibres 
arc a dark brown — a circuiiiatunce which gives an extraordinary appearance to this 
w ood.*’ Atkin 

KARYRTNTIT, in Metallurgy, means u series of canals distributed fVom the lead 
of a stamping mill , through which cjn.il8 a stream of water is transmitted for bus- 
])cnding, carrying off, and depositing, at different distances, the ground ores. See 
I)uv SRTNG or Chen 

LAC. (Jjaque^ Fr. ; Zoe*. iMckftuhen, Germ.) A resinous substance produced 
by the puncture of a peculiar female insect, called rWew* laccu or /ifeuA, upon Iho 
branches of several plants ; as the Ficus rt/tgiescr, the Ficus Jndica^ the Khamnusjujuba, 
the Croton lacciferum or bihar tree, and the Butm/rondosa or the pcpel tree, which 
glow in Siam, Assam, Pegu, Reiigal, and Malabar. The twig becomes thereby 
inorusted with a reddish mamuullated resin, having a crystalline-looking Aracture. 

The female lac insect is of the size of a louse , red, round, flat, with 12 abdominal 


circles, a bifurcated tail, aiitennm, and 0 claws, halt the length of the body. The male* 
is tw ice the above size, and lus 4 wings ; there is one of them to 5000 females. In 
lYovember or December tbe young makes its escape from tbe eggs, lying be- 
neath tbe dead body of tbe mntlicr ; they crawl about a little way, and fasten thorn 
selves to the bark of the shrubs. About this period the branches often swarm to 
such a degree with this vermin, that they seem coverc^ witli a red dust ; in this ease, 
they are apt to dry up, by b ing exhausted of their jui(*es. Many of these insects, 
however, become the prey of others, or are carried off by tlie feet of birds, to which 
they attach themselves, and arc trtmsplanted to other trees. They soon produce 
small nipple-like incrustatioiis upon the twigs, their bodies being apparently glued, 
by mcaub of a transpareut liquor, which goes on increasing to tbe end of March, so 
as to form a cellular texture. At this time the animal resembles a small oval bag, 
without life, of the size of cochineal. At the commeneement, a btantifhl red liquor 
only is perceived, afterwards eggs make their appearance ; and in October or Novem* 
her, when the red liquor geto exhausted, 20 or 30 young ones bore a hole through the 
back of their mother, and come forth. The empty cells remain upon tbe branches. 
'I’hese are composed of the mUky juice of the plant, which serves as nourishment to 
the insects, and which is afterward transformed or elaborated into the red colouring 
matter that U found mixed with the resin, but in greater quantity in the b^ics ofthe 
insects, in their eggs, and still more copionsly in the red liquor secre^ for foodmg 
the yoong. After the brood escapes, the cells contain much less colouring 
On this aoconnt, the branches should be broken off before this happens, and jUtedin 
the sun. In the East Indies this operation is performed twice in the 7f^ > ”e 
time in March, the second in October. The twigs encrusted with the radiated eeU^ 
substance constitute the sHek-hc of common^ It “ ®f • ™ , 

deep, nearly transparent, and hard, wUh a briUwt ctmcholdal The 

of Siam is the beftT it often forms an incmstatiOD ftilly one quarter of an ratfo thick 
aU round the twig. The itick-lao of Assam ruib next; ai^, last. thM of 
iu which the resmous coat is scan^, thin, and irregular, Thera are three kinds of 
lac in commerce : stick-lac, which is the snbstanoe in itt natural sta^ seed-lae, and 
shell-lac. Aooofding to the analysis of pr, John, itiok-lae consists, m 120 paMi, of 
VoL. U. SB 
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Ao odorouf common resin - - - - • • - 80 00 

A lesin iDholublc in ether - - - - - - - 20 00 

Colourintr matter analogous to that of cochineal • - • 4 50 
Hitter balsamic matter - - - - - - - - 3 00 

Dun yellow extract - - - - - - - - 0 50 

Acid of the stick-lac (laccic acid) - - - • - 0 75 

Tatty matter, like wax --------3 00 

Skins of the insects, and colouring matter - - - - 2 50 

Salts 1 25 

Earths 075 

Loss ------4 75 


120 00 

According to Franke, the constituents of stick lac are, resin, 65 7 , substance of 
the lac, 2H 3 , colouring matter, 0 6. 

Seed lac — Whin the resinous concretion is taken off the twigs, coarseh pounded, 
and tnturated with water in a mortar, the greater part of the eolouniig matter is dih- 
solved, and the granular portion which remains being dried in ihe sun, constitutes 
seed Uu: It contains of course less colouring matter than the stick lac, and is much 
less soluble. Mr. Hatchett's analysis of seed lac was as follows 


Resin - -- -- -- -- --68 

('olounng matter -------- - lo 

Wax 6 

Gluten ----- -65 

Foreign bodies - -- -- - ---65 

Loss - ----------4 


100 

John found in 100 parts of it, resin, 66 7, wax, 1*7, matter of the lac, 16 7, bitter 
bals imic matter, 2 5 , colouring matter, 3 9 , dun yellow extract, 0 4 , envelopes of 
insects, 2 1 , laccie acid, 0*0 , salts of potash and lime, 1 0, earths, 6 6, luss, 4 2. 

Shtlldac —In India the seed^lac is put into oblong bags of cotton cloth, which are 
held over a charcoal fire by a man at cath end, and, as soon as it begins to melt, the 
bag IB twisted so as to strain the liquefied resin through its substance, and, to makt 
It drop upon smooth stims of the banyan tico (Mu»a paradiw) In this way, the 
resin spreads into thin plates, and constitutes the substance known in commerce bj 
the name of aheU-lac 

The Pegu stick lac, being verT dark coloured, furnishes a shell-lac of a correspond- 
ing detp hiR, and therefore of inferior value The palest and finest shell-lac is bnmght 
from the northern Cttcar It contains very little colouring matter. A stick-lae of an 
intermediate kind comes fh>m the Mysore country, which yields a brilliant lac-d}e 
and a gf>od shell-lac 

Shell^lar, by Mr. Hatchett's analysis, consists of resin, 90 5 ; colouring matter, 0*5 , 
wax. 4 0 , gluten, 2 8 *, loss, 1*6 ; m 100 parts. 

The resin may be obtained pore by treating shell-lac with cold alcohol, and filtering 
the solution in order to separate a yellow grey pulverulent matter. When the alco- 
hol IS again distilled off, a brown, translucent, haM, and brittle resin, of specific gravity 
1 139, remains It melts into a viscid mass with heat, and diffuses an aromatic 
odour Jjflydrous alcohol dissolves it in all proportions According to John, it con- 
sists of twvresms, one of which dissolves readily in alcohol, ether, the volatile and 
fat oils , while the other is little solnble in cold alcohol, and is insoluble in ether and 
the volatile oils. Unverdorben, however, has detected no less than four different re- 
sins, and some other substances m shell-lac. Shell-lac dissolves with ease in dilute 
muriatic and acetic acids ; but not in concentrated snlphiirie acid. The resin of shell- 
lac has a great tendency to combme with salifiable bases ; as with caustic potash, which 
It deprives of its alkaline taste. , 

This solution, which is of a dark red colour, dries into a brilliant, transrarent red- 
dish brown maSs t which may be re-dissolved in both water and aloohoL ^^y ptssmg 
chlorine in excess through the dark- coloured alkaline solution, the lim-resin is precipi- 
tated in a colourless state. When this precipitate is washed and dried, it fonn^ vuo 
alcohol, an excellent pale-yellow varnish, especially with the addition of a littit tur- 
pentine and mastic 

With the aid of heat, shell-lao dissolves readily in a sdotion of borB|t. 

The substances which Unverdorben found in diell-lso are the following^ s 

1 A resin, soluble in alcohol and ether ; '' 

2 A resin, soluhte in alcohol, insolnble la ether ; 
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3 A resinous body, little soluble in cold alcohol , 

4 A or\ stullisablo lesin , 

A resin, soluble in alcohol and ether, but insoluble in petroleum, and uuerys- 

tal Usable 

6 The unsaponifiod fat of the coeeut insect, as v Ii as okic and margarie acids 

7 Wo* 

8 The laeettte of Dr John 

An extractiTe colouring matter 

^hell-lac 18 largely used in the manufacture of si 0 i g tra* and Tarnishes, and for 
japanning 

l.AC DYE, 1 ec I are, or '^U is the iratery n fli^ on of tbi ground stick-lao, 
c\ aporated to dr> IK ss, and tormed lutoiakes about two inches square and half an 
111 h thick Di lohn found it to connist of colouring matter, ream, 25, and 
solid matter, cum pus d of alumina, plaster, chalk, and Mnd 22 

Dr Macleod oi Madras, states that he prepared a cry supmor lac-dye from 
•^iK I ’ai, h} d sting it m the cold in a slightly Mkalini decoction of the dried leaves 
f the MemetifioH Unrtotium (perhaps the H tapiUliatumt ftom which the natives of 
Malabar and Ceylon obtain a saffron yellow dve) this solution lieing used along 
I ith a mordant conaisting of a saturated solution of tin m muriatic acid, was found 
} dyi woolleiulotli of a very brilliant scarlet hue 

The cakes oi ht dye import! d tiom India, stamped with peculiar marks to designate 
thi ir different mamifnctun re {the bmt DT, the second JMcR, the third C h ), arc now 
niployed lu England for dveing seal let cloth, and are found to yield an equally bril- 
luiit colour and oue less easily affected by perspiration than that produeed by 
(ochineal Wlun the lac dye was first introduced, sulphuric acid was the solvent 
applied to the pulverised cakes, but as muriatic (hydrochloric) acid hss been found 
to answer, it has to a gieat extent supplanted it A good Mieni (No 1) for this 
d^L-stnff may bt pripned hy dissolving 3 ponnds of tin in 60 pounds of muriatic acid 
of specific gravity 110 Ihc priiper mordant for the cloth is made by mixing 27 
pounds of muiiatic acid of sp gr 1 17, with ponnds of nitric acid of 1 19 , patting 
this mixture into a salt gla/cd stone bottle, and adding to it in small bits at a timt, 
gram tin, till 4 pounds be dissolved This solution (No 2) may be used within 
twelve hoars after it is madi, provided it has become cold and clear. For dyeing, 
three quarters of a pint of the sohent No 1 is to be poured upon each pound of the 
pulverised lac d>e, and allowed to digest upon it for six lionrs The cloth befon 
being subjected to the dye bath, must be scoured in the mill with fuller’s earth To 
dye 100 pounds of pelisse cloth, a tin boiler of 300 gallons capacity should be filled 
nearly brimful with watei and a fire kindled under it. Whenever (he temperatun 
rises to 150^ Fahr, a handful of bran, and half a pint of the solution of tin (No 2) 
ire to be introduced Ihe fioth, winch rises as it approaches ebullition, must bo 
<«kimmed off , and whi n the liquor boils, 10( pounds of lac-dye, previously mixed with 
7 pints of the solvent No 1 ^iid 3^ pounds of solution of tin No 2 must be poured 
in An instant afterwaids, 10^ lumuds of tartar, and 4 pounds of ground sumach, 
both tied up in a linen bag, arc to be suspended in the boiling bath for five minutes 
The fire being now withdrawn, 20 gallons of cold water, with 10^ pints of solution of 
tin being poured into the bath, the cloth is to be Immersed in it, moved about rapidly 
(luring ten minutes, the fire is to be then re-kindled, and the cloth winced moie 
slowly through the bath, which must be made to boil aa quickly as possible, and 
maintained at that pitch for an hour The cloth is to be next washed in the river , 
and lastly with water only, m the fulling mill The above proportions of the ingre- 
dients produce a brilliant scarlet tint, with a slightly purple cast. If a more orange 
hue be wanted, white Florence argal may be used, insteod of tartar, and some more 
sumach Lac-dye may be substituted for cochiueal in the orange-scarlets 

lo determine the tinctorial power of lac-dye by comparison with proved samples, a 
dye-bath is prepared as follows — 5 grains of argal, 20 grams of flannel or white cloth, 
» grams of lac*dye, 5 grams of chloride of tin, I quart of water. Heat the water to 
the boding point m a tm or china vessel , add thereto the argal, and then the piece of 
cloth or flannel Weigh off 5 grains of the lac-dye and pulverise it in a Wedgewood 
mortar, with the 5 grama by measure of chloride of tin, and poor the whole Into the 
hot liquor coutaimng the cloth, taking care to nose the mortar with a liUle of tlie 
hot liquor ; keep the whole boding wt about half an hour, sdrrmg thd doth or 
flannel about with a gllass rod ; then withdraw the cloth, waoh and dj^ It fbr com- 
pariaoiL — Normmdif, 

In the (brmer edition waa a table of ffie Imports and exports of lac-dye and lae* 
lake, which ehow that in 1802 only 258 Iba were imported, whieh rote, however, in 
1837, to 1,01 1,674 Ibi. j the mporti, Ae , for the two lail yean being— 

88 2 
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LACdC ACID crystallises, has a ^me yellow colour, a sour taste, » soluble in 
water, alcohol, and ethei U was extracted trom stick lac h} I>i John 

LAC( INE IS the portion of shell lac which is insoluble in boiling alcohol It is 
brown, brittle, trarislucid, consisting of agglomerated pilliclc^, more like a resm than 
ain thing else It is insoluble in ether and oils It has not been applied to any use 
1 ACE DARK The reticulated baik ot the Layetta Itnteana Ihis splits into 
fibies, which resemble lace 

LA('C MANUFACTURE 1 he pillow-made, oi bone lace, which foimcrly gave 
(cciipation to niultitudcb of women in their own houses has, in the progress of me 
(lianieal invention, been nearly superseded by the bobbin-net lace, muniitactured at 
first by hand machines, hut ucently by the power of water or steam Bobbin net 
may be said tosuipiss every other branch of human industry in the complex ingenuity 
of Its iiiaehinery , one oflislieis spotting fiamcs being as much beyond the most 
curious chronometer in multiplicity of iiieelinnicil device, as that is beyond a common 
toasting jack — Uie 

Ihe threads in bobbin netlacc form, b> their intertwisting and decussation, regular 
hexagonal holes or meshes, of which the two opposite sides, the upper and under, are 
directed aloug the breadth of the piece, oi at right angles to the selvage or border 
I ttf 1054 shows how, by the crossing and twisting of the threads, the regular six-sidecl 
iiie*>h lb pioduced, and that the texture results from the union of three separate sets of 
threads, of which oue act proceeds downwards in serpentine lines, a second set pro- 
eeedb from the left to the right, and a third from the right to the left, both in slanting 
directions. These oblique threads twist themselves round the vertical ones, and also 
Cl OSS each otlier betwixt them, in a peculiar manner This may be readily understood 
by examining the repreaentation In comparing bobbin-net with a common web, the 
perpendieular threads in the figure which are pirallcl to the border, may be regarded 
as the waiD.fcd the two bets oi blantiiig threads as the weft. 

1054 1055 
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Tbese warp threads are extended up ^nd down, in the original monnting of the 
piece between a top and bottom horizontnl roUii or beam, of whu^t one is called the 
tf f p bmm and th other the lacv hcam^ b< cause the warp and flniftlied laee are wound 
upon them respectively These strnght warp thre ids rectiwe then erntoition from 
the tension of the weft threads twisted obliqnd) ^ o d them alttii itilv to the right 
nnd the left band Wire the warp threads so tight!} drawn th t th s became in- 
ftixiblc like flddh «»trings, then the lace would asku le the upp« ii uict shown in 
In lO'i'S , and although this condition does not leilh exist if mev h rve to illustrate 
th «trncture of the web Ihe wop threttcfs stand i thi p kui ips a a, o' a^ and 

I 1 the one half of th wift prrcccds iii the dir cli i / / / 6' it I » h and the 

s (onderosseb the fust by iii«i’'i m thednccti i r it tow tIk opposite 
lie ot till fabric li wc pursu th i cth of a weft thi 1 1 wc ^ d i' goes on till it 
r <i hes the outermost or last warp thread which it tw ist it uL not once, as with the 
oth< IS, but twice ai d then return mg towards the itlier di |r reds in a reverse 

I iccrioii It IS tioni th s double twist tnd by the tet i th w ft threads that the 

s ip, is nn t 

I he r Im irv ni item! of bobbin net is t s ^ cottr n ^ m i from No 180 to No 250, 
t cisted into one thn nl hut soinetiineb strong)} iw ted single yarn has been used 

I he Ik luty of the fabric depends upon the qiiihti ot the mate nil as well as the regii- 
! 11 u> iiid sm illne ss of the nuslies 1 he numb i oi warp thriads in a yard in breadth 
IS tiom 600 to 00 ) wliieh is e { uxalent to fiom JO to (I in an lueh Ihe hizc of the 
holes cannot b e t1 nh rr 1 fto ii (hat e iieiii istanci , as it depe n lb pat tly upon tho 
( hliquc traction of the tl le lis The breadth of the pieces of bobbin net vanes from 
edeiii|,s of a quitter of in inch to webs li or even iO quarters that is, 2 yards wide 

II tbbin 11 t luce i iria ufut ired by means of very costl} and complicated m i liiiies, 
called ft amen I he limits of this Dictionary will admit of an expl ination of no more 
than the general principles of the mauufactiire The threidsfor crossing and twisting 
round the waip luing |re\iouslv gassed that is freed from loose fibres b} singeing 
with gas, ate wound i und sin ill palle}s cdled bibbins which ire, with this view, 
deeply gioovedm their 1 t i li ry ligh 1056 10 ", c xhibit the bobbin alone and with 
its cairiage 

In the scetion ot t) e bobbin a fig It) G the deep groosc is shown in which the 
thread is wound 1 he hotbin cousibts ot two thin discs oi brass cat out in a btamp- 
press in the middle of eacl of which there is a lullowr spice c Thes discs ire 
riveU d together Iciviug an interval be tween the ir edge all round in which the thread 
IS coiled The round liole m the centre, with the little notch at tup,8crvcb for spitting 
them upon a fcathcied rod in ordei to be filkd vith thread by the rotition ot that 
rod in a species of reel called th< bobbin fill ng machiiu 1 aeh of these bobbins 
( ibout double the sire of the figure) is inserted into the vae int space n of the eai 
riage,^ 1057 1 his is a hmall ire n fr imefalso double the size of the figuic), wliieb, 

i* e e, embiaces the gin )vcd border of the bobbin and by th { rcssure of the spiing 
at fi pievents it from fillinn* out Ih spring serves likewise to apply siifiieient 
friction to the bobbin v as to } r vent it from g ving off its thread at g b} its rotation, 
unless a certain small force of ti i tion be emploved ujioo the thiead I he curvilinear 
groove h /i, sunk in each face or side oi the carnage, has the depth shown in the bec- 


10 j7 



tion at h The groove corresponds to the interval between the teeth of the comb, or 
bars of the bolt, in which each carnage is placed, and h is its movement A portion 
of that bolt or comb is shown at a,fi</ 1058 in plan, and one bar of a circular bolt ma- 
chiue at 5, in section If we suppose two such combs or bolt« placed with the ends 
of the teeth opposite each other, hut a little apart to let me warp threads be 
stretched, m one vertical planCb between their ends or tips, we shall have an idea of 
the skeleton of a bobbin-net machine. One of these two combs, in the doable bolt 
machine, has an oceasional Interil movement cftUed s^qgpisp, equal to the interval of 
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one tooth or bolt, by which, after it haa received the bobbins, with their carriafres, 
into its teeth, it can shift that interval to the one side, and thereby get into a position 
to return the bobbins, with their carriages, into the next series of interstices or 
gates in the other bolt. By this means the vhole series of oarriuges receives 

successive side steps to the right 
in one bolt, and to the left in the 
other, so as to perform a species 
of counter march, in the course of 
M hich they are made to cross and 
' lOS*^ twist round about the vertical 

^ warp threads, and thus to form 

N. V the meshes of the net. 

N. ^ ^ The number of movements re- 

quired to form a row of meshes in 
" the double tier machine, that is, 

4 in a frame with 2 combs or bars, 

and 2 rows of bobbins, is six; 
tliat is, the whole of the carriages 



(with their bobbins) pass from 
one bar or comb to the other six 
times, daring which passages the 
different divisions of bobbing and 
warp threads change their rela- 
tive positions 12 times. 

This interchange or traversing 


of the carriages with their bobbins, which is the most difficult thing to explain, 
hut at the same time the most essential principle of the lace-machine, may 
he tolerably well understood by a careful study of fig, lOW, in which the 
simple line J represents the bolts or teeth, the sign ^ the hack line of carriages, and the 
sign 0 the front line of carriages, n is the front comb or bolt bar, and i the back bolt 



bar. The ibrmor remains always fixed or stationary, to receive the carriages as they 
may be presented to it by the shogging of the latter. There roust be always one odd 
carriage at the end ; the rest being in pairs. 

No. 1 represents the carriages in the front comb or bar, the odd carriage being at the 
left end. The back line of carriages is first moved on to the back bar i, the odd 
carriage as seen in No, 1, having been left behindf there being no carriage op^iw 
drive it over to the other comb or bar. The carriages then stand as in No. 2. fhe bar 
I now shifts to the left, as shown in No. » ; the front carriages then go over into the 
back bar or comb, as is represented by No. 4. The bar x now shifts to the right, ana 
gives thegiftlition No. 6. The front carriages are then driven over to the front 
Ijave thdVHT carriage on the back bar at the right end, for the same reason m ^ore 
described, and the carriages stand as shown in No. 6. The bar x next shifts to tn 
left, and the carriages stand as in No. 7 (the odd carriage being thereby on the nac 
bar to the left). The back carriages now come over to the front bar, and ^nd as 
No. 8. The Wk bar or comb i shifts to the right as seen in No. 9, whiw co - 
pletes the traverse. The whole carriages with their bobbins have now changed w 
position, as will be seen by comparing No. 9 with No. 1. The odd carriage, rj^ » 
♦ has advanced one step to the right, and has become one of the front tier ; one 
the back tier or line ^ has advanced one step to the left, and has he^me tne 
carriage; and one of the front ones ^ has gone over to the back Hue. The 
and carriages thronghout the whole width of the machine have thus crossed eson om 
course, and completed the mesh of net ^ 

The carriages with their bobbins are driven a certsin way from the mm . 
the other, by the pressure of two long bars (one for esA) placed »bove the 
the comb, until they come into such a position that their prelecting hew or » 

I Ufig. 1057, are moved off by two other long fiat bars below, called the iccaev p 
and thereby carried completely over the interval betwdiA the two . «tent 

There are six different systems of bobhin-sst madhioes. 1. Heathcotiei P* 
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maobme. 2. BrowD*i traTerse warp. 3. Morl«y'f atraight bolt 4. Clarke*! ptidicr 
principle, single tier. 5. Lcayer's machine, single tier. 6. Iforley s eireular bolt All 
the others are mere variations in the construction of SOSM of their parts. It im a 
remarkable Act highly honourable to the meehauical Junlgment of the late Hr. Horley 
of £^rby, that no machines except those upon iiis eiroi|lar bolt principle htre been 
found captble of working loocessfully by me^anical power. 

The rmmlsr bolt machine (comb with curved teetlO was used b)^ Mr. Morley for 
moking narrow breadths or edgings of lace immediately after its first invention, and 
It has been regularly nsed by the trade fbr that purp<»»i< ever siniw, m cooseqnence of 
the inventor having declined secuie the monoid} ol it 1 1 himsilf by patent. At 
that time the locker bars for driving across the carnaget* usd only oiu* plate or blade 
A niacb me so mounted is now called, ** the tingle lockcM* eireu» . holt.** In the ^ear 
I <<24, Mr. Morley added another plate to each ot the lotker tisrs, aliirh was a great 
improvement on the machines for making plain net, bu< in obsiriiction to the making 
of narrow breadths ni>on them. This uiacliiue is nou d-stingnislud from the former 
h> ilie tci in ‘ ^ouhle locks(fl||L 

A ivokof Idce, IB a certoif^ength of work counttd pcrpundicularly, and contains 

j meshes or holes. AVJl*made lace has the mesln h a little elongated in the direc- 
tion of the selvage. 

Air. lleaihcoate's machine, invented in 180D, was the first successful lacc-niaking 


machine. 

Mr. Morley patented his in 1811, and In the same tear Messrs. Marl and Clarke in- 
vented the pusher machine, and Messrs. Leaver and Turtoii, of New Radford, brought 
forward the lever machine lii 1817, Mr. Heatheoate applied the rotatory movement 
to the circular bolt machine and mounted a iMAufketory at Tiverton on this plan, 
w here the lace manufacture is still carried on cztsillvely. 

LACQUER, is a varnish, consisting chiefly of a solnnon of paleshelt-lac in alcohol, 
tinged with saffron, anuotto, or other colouring matters. ** I'hat commonly employed 
is made by dissolving hhcll lac in proof spirit, and cokmring with the resinous substance 
called dragon'M U/ood. The lacquer heightens the colour of brass, or renders it more 
golden in tint Lacquer may lie pale or deep in tint, when it is known as pale or 
brouae lacquer, or it may he variously coloured. A transparent colourless lacquef 
is a desideratum for German silver. A substance called bleached shell-lao is sold, 
and I believe used for very pale lacqiior. The lacquer is warmed and brushed over 
the articles, which have been also previously wanned on stoves. If the temperature 
is too cold, a dnlness of surface is produced* which is not removed by re-heating. 
The surface of brass is (Vequently coloured or bronzed after “ dipping,’* and before 
lacquering. A dark grey coating is produced by dipping the article in a solution of 
arseniouB acid in hydrochloric acid, by applying a dilate aqueous solntion of bi- 
chloride of platinum, by applying an aqueous solution of corrosive sublimate mixed 
with vinegar, or by rubbing plumbago over the soiface. By the application of 
lacquer to the surface of brass, which has received a dark grey coating by any of 
these processes, a bronse-liko tint is produced, due to the light reflected, through the 
coloured stratum of varnish produced by lacqaeriug, from the bright surface under- 
neath. Precisely the same effect may be obtained by rubbing plumbago over a piece 
of writing paper, and then lacquering the surface, as in the esse of braM. For 
common work, the corrosive subluliate method is extt*DBive1y nsed; it is said to cause 
tronble when it comes in contact with softer solder, with which the reduced mercury 
omalgamates. The platinum process is used for instruments, such as thsodolites, 
levels, &C. ; tad in theseiM teonw i, much blacker, u pale ii employed Inatead of 
}ellow laegoer. TlieMinid^Iknowareemployed,aiid probably tbere maybe maiiy 
othera. The beaatifhl eol^of bnu, foile are commuaioated by variou.lv colowrf 
laequen. The eoadng of rednoue matter adheree vrith remarhaMe tenadpr, and b 
not detached by bento* the foU backwarda and furwarda rqMa^y. The maao- 
fheture of these folia it, I believe, quite an art and foimOTl:;; 
penon in BinniiiKhtm who know how to practice rt iuoeeeaf^y. 

LACTIC ACID, C'*H'*0". Syn. Nanceic acid. (Acuie Tr. ; 

Oerm.) XMacovered by Scbeele in aour mUt Submujumly, M.^raconnote^n^ 
the eouT liquid which floata above rtwh danng it. manufacture, also Aeaeitoed d^ 
coctions of various vegetables, inclnding beet-root, ewrots, pcM, &c., and fonnou acid 
which he considered to be peculiar, and consequ^tly named toe nanwia Tjj 
formed under all these cireumstanees torna ont to be the saiM ; it is, m fiict, la^ aeid, 
which modern researches show to he a constant produrt of the fermratation of 
starch, and bodies of that claas. The acidity of aanerkraut is due to toe pr^oe of the 
same sahstaace. Liebig has rooently extended and wnfltm^ ^ experimento 
many yean ago by Berios, on toe presence of lactic acid in the jnioa of ileshp but 
he its^Mdstenoe in urine, as asserted by MM. Cap and Henij, ^ 

iVqMra^raii.— LaoCie acid can he prepared easily in any quantity by the tormenta- 
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tion of aiigdr Care must be taken, however, that the process does not go too fai, 
because lactic acid undergoes with facility another decomposition, bv which it becomes 
converted into butyric acid The following proce<*8 of M llensch for the preparation 
of lactate of lime can be recommended by the authoi of this article as yielding at a 
itniall trouble and expense a very large quantity of product In fket, he has prepared 
with facility upwards of three pints of butyric acid fnm lactate of lime obtained m this 
manner Dissolve 6 lbs of lump sugai, and half an ounce of tartaric acid in two 
gallons and a half of boiling water Lease for a day or two, and then add two oiinot s 
of rotten oheesc, and a gallon of skimmed milk stirred up with three pounds of 
will washed prepared chalk The tempeiature should nof fall below 86'^ 1 norriai. 
above 95° The water lost by evaporation must be m idi up by adding a little everv 
few days After a tunc, vaiying fioln ten da} s to a month, according to the tempt - 
raturc and other circumstances the whole becomes a magma of acitiitc of lime Iwo 
gallons of boiling water must then be added, and half an ounce of quicklime and tlu 
whole, after being boiled for half an hour, is to be filtered througli a linen or flaniKl 
bag 1 he filtered liquid is to be evaporated until it begins to get somewhat syrups, 
the fluid in this state being put aside to allow the salt to crystallise 'Ihe cr}6ta1s 
afterbeingslightly washed with cold water, arc to bo recrystallised two orthiee timeti 
lo obtain lactic acid fiom the lactate of lime, it is necessary, in the first place, to 
oonveit the latter salt into that of zinc For this purpose a crude lactic acid is first 
obtained thus to every two pounds three ounces of lactate of lime dissolved in twice 
its weight of boiling water, seven ounces of oil of vitriol previously diluted v ith twice 
Its volume of water are to be added The boiling fluid is to be sM ained through a linen 
bag to remove the precipitate of gypsum, and the filtered liquid is to be boiled for 15 
minutes with 8} ounces of caibouate of zinc I he boiling must not be continued 
longer, or a subsalt of sparing solubility would be produced 1 he liquid, which is to be 
Altered boiling, will deposit on cooling the lactate of zinc in colourless ciystals, which 
are to be washed with a little cold water, and after bein,^ di ained arc to be dried by ex- 
posure to the air enframes covered with filtering paper The mothei liquid will 
yield a fresh quantity of lactate if it be boiled with the salt remaining on the filter 
and evaporated 

From the lactate of zinc the acid is to be separated by passing sulphuretted by 
drogen through the solution of the salt in eight tunes its weight of boiling water 
The gas is to be expelled by beat, and the fluid oo evaporation yields pure syrupv 
lactic acid 

Lactic acid is a colourless syrupy liquid of a poweiful pure acid taste Its specific 
gravit> IS 1 il5 It 18 bibasic, consequently the general formula for the lactates is 
C"ll'^0'",2M0 ) M icpresenting any metal 

The most important salts of lactic acid are those of zinc and lime The former salt 
18 that generally formed in examining animal or vegetable fluids with a view to tlu 
isolation of the acid It is found with two different quantities of water according to 
the circumstances under which it is prepared, and it is woitby of remark that the 
amount of water of crystallisation remark ibly affects the solubility of the salt in water 
and alcohol • 

Lactic acid is produced from alanine by the action of nitious acid aceording to the 
following equation — 

2CWNO« + 2NO» - + 4N^ 2HO. 

Alanine 1 atuc add 

Anbydns lactic acid, is produced by the action of heat on the syrupy 

acid. Lactic acid is considered by chemists to hie constructed on the type of four 
atoms of water in which two atoms of hydrogen are replaced by the radical laetyl 

The other two atoms of hydrogen are consequently basic It has been said that 
lactic acid may, by fermentation, be converted into butane acid , the following eqoa- 
lion represents the metamorphosis 


- C*HW + 4CO* + 4H. 


1 oetir acid But^ ric acid 

All the butyric acid -employed for the preparation. of butyric etberi or 
essence, is now prepared by tM fermentation of lactate of 1 iid«.-^C G. W* ... ^ 
LACTOMETER te the name of an instrament ibr estimating tbs qttautJ " 
milk called also a Galactom^Ur^ The roost convenient fbrm ef appai^tus 
a senes of glass tubes each about 1 inch in diametit'f and 18 Inehes 
through a space of 10 inoibea, to tenths of fin Inch, hayfpig a stopcock it M 
and sttspeniM upnght in a frame. The average milk of m eow being poomdtk ^ 
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height of 10 inches, SH soon as the cream has all saparshid at top, tbs thicknem of iis 
body may be measured by the ioal< i and then the skhiMlIk may be run off below 
into a hydrometer glass in onler to ditenmne its density or ttlative nolmsie m caseous 
matter, and dilution with wati r 

LAOUSTRlNfi FORMA'! ION (a afologunl Urm) Belotigniy to a lakOi 

LAGAN OOOr>S See Jbtsam 

L AKBS. Under this general title is loeluded all those pigments which aro prapami 
1^ combining vegetable or animal colouring mattf r with earths or metallic ^aides 
The general method of preparation i« to make an inAtsmi of be sulthlaiue, and to add 
thereto a solution of common alum, or aometimet, ah n it lias bi<n iitctasary to 
extract the colouring m UlL't b) the agency of an aeul a biiutiou ot almn saturated 
with potash At first, a slight precipitart lalls, consisti ig rf a lunlpa and the odounug 
matter I but if some alkali is added the pneipiut tnersawd Some coloiii 
mg matters ate bnghtemd by alkalies , thin the dec k turn ni thr dye stuff is made 
III Hn alkaline liquoi and being filtered, n solution oi uluni is p mnd into it Wheie 
tilt afflnif} 1 tin. (olonring matter for thi subsulplutc of aliiiiiiim is great, alumina 
re ciitl} precipitated is agitated With the decoLtum of t<ie colont lug body The manu 
f acton of lakes depends on the remarkabh pioficrty possessed by alumina, of com- 
bining Mith and separating the organic colouring matteis from their solutions 

Hfd Litkea^-1 ht finest of thise is CAnMiNi, which, os canniiiated lakes, onikd 
like of Florence, Pm^. oi Vienna is usually prepared by taking the liquor dc- 
« anted firom the earniim and adding fn»hly ptecipitnted alumina to it The mixture 
IS warmed a little, hi iskty agitated, and allowed to settle Sometime s alum is dissolved 
in the dccoetioii of crdnmal and then the alumina precipitated by potash bur the 
colour IS not good wlu n lakes au thus prepared, and to improve it the dyer's solution 
of tin 18 often addid A icd lake may be prepaid from kermes in a similar mannei 

Braail wood s ield*> a red lake The wo^ is boiled in a proper quantity of w itcr 
for 1ft minutes, and then alum and solution of tm being added, the liquor is to U 
filtered, and solution of potash poured in as long as it occasions a piecipitite Ibih 
IS separated by a filter, the powder well washed, and being mixed uitb a little gum 
watir, made into cakes S mictnnes the Brazil wood is boiled with vinegar instead ot 
water. An excess of potash products a lake of a violet colour, and oream of tartir 
gives It a brownish hue 

Madder is much used m the pre paration of lakes 

The following process is recommended — 

Diffuse two pounds of giound madder m four quarts of water, and after a maecri- 
tion of 10 minutes strain and squeeze the grounds in a press Repeat this maceration, 
Ac , twice upon the same portion of madder It will now have a fine rose colour It 
must then he mixed with five or six pounds of water and half a pound of hruibcd 
alum, oud heated upon a water-bath for S or 4 hours, with the addition of water, oh 
it evaporates , after which the whole must be thrown on a filter cloth The liquoi 
which passes through is then to be filtered through paper, and precipitated by cai- 
bonate of potash If potash be added in three successive doses, tbiee different lakes 
will be obtained of diminishing beaut). The precipitates must be washed until the 
water comes off colourless, then with gum water mode into cake a 

YeUow Lakes are mode with decoctions of Persian or French herriea to which some 
potash or soda is added , into the mixture a solution of alom is to be ponred so long 
as any precipitate falls Quercitron will }ield a yellow lake, provided the decoction 
IS pun&d by either butter-milk or glue Annotto lake is formed by dissolving this 
substance in a weak alkaline lyct and adding a solution of alum to the solution. 

Lakesof other colours cun be prepared m a similar manner, but true lakes of other 
colours are not ntnally manufketured. 

LAMBSKIN. See Anthuaczts 

LAMINABLC is said of a metal which may he extended by passing between 
steel or birdened {chilled) cast-iron rollers 

In the maaufactnre of rail and bar iron, laminated iron Is rolled together at a 
welding heat, until the leqnired bar or rail is formed (see Rails) Thu is, even 
under the best possible cirenmstanoes, a defective mguufoeiure The union of the 
bars is never absolutely complete, and the result of the long continued action of trains 
of carnages upon all rails tt&e development of the laminated pknes, whidt firequently 
peal o^ layer after layer, to the destmetion of the rail, and to the great danger of the 
traveller. Railway iron should be rolled into form fMi perfectly komogenoousxaaiief 
of metal This laminatfoo of iron rails has been laid hold oTI^ those who adroente 
the hypothesis that the slate roeke owe their lamination to meehiwieal preesufe, 
whereas it is ovidently the tcmU of an imperfect manaftie^ See Roixino Main. 

LAMIUM ALBUM, or thO dead netfie, Is said by to nflM foam its leavee 

a gnenleh-yellow dye. The £. pmpmmm dyes a leddiahrgrey wltBUilt of tin, and 
a greenish unt with iron UquOn 

L AMP*BL ACK. Every peMQ knovft that when the eowboethm of oil in n lamp 
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ll I^Mperfect it pours forth a dense volume of black soot. Aeoording to the quanti^ 
oC Arbon contained in the material employed, so is the illuminating power of the 
flame produced by combustion. Jf, therefore, we have a very brilliant flame, and we 
subject it to any conditions which shall impede the progress of the combinution of the 
carbon with the oxygen of the air, the result is at once the formation of solid carbon, 
or lamp-black This is exhibited in a remarkable and often an annoying manner by 
the campbine lamp. If oil of turpentine, resin, pitch oi^ or fat oil, be burnt in lamps 
under a hood, with either a rapid draught or an insulBcient supply of air, the lamp- 
black collects on the hood, and is occasionally removed. Sometimes a metallic roller, 
generally ot tin, is made to revolve in the flame, and rub against a brush. By the 
cooling influence of the metal, the heat of the flame is diminished, tlie combustion 
retarded, and the carbon deposited, and in the revolution of the cylinder swept off. 
Camphor burning forms a very beautiful black, which is sometimes used as $ 
pigment. 

The common varieties of lamp-black are made flrom all sorts of refuse resinous 
matters, and flrom the rejected fragments of pine trees, &c In Germany, a long flue 
is constructed in connection with the flirnace in which the resinous substances are 
burnt, and this flue communicates with a hood, composed of a loose woollen cloth, held 
up by a rope passing over a pulley. U|M)n this the soot collects, and is flxim time to 
time shaken down. In the best condneted manufketories about 3 cwt. of lamp black 
ib collected in each hood in about twelve hours. In England, lamp-black is sometimes 
prepared from the reflise coking coal, or it is obtained in connection with cuke ovens. 
The lamp-black, however, obtained from the combustion of coal or woody matter is 
never pure. See Bone Black, Ivory Black. 

LAMP, DAVIT. &e Safety Lamp. 

LAMPS. Under Illumination, will be fonnd some notices of several kinds of 


lamps, with especial reference to the quantity of light produced by them. 

Lamps are very varied in form, and equally varied in the principles involved. A 
brief description, however, of a few of the modem varieties must suffice. 

7'/ie moderator lamp, — The spiral spring has recently been introduced into the mo- 
derator lamps, for the purpose of forcing the oil np the wick of the lamp. This will 
understood by the following description and drawings: — jq^q 

'I'he distinguishing character of the moderator lamp is the di- 
rect transmission of the power, in the reservoir of oil, to the T 

r« sistance offered by the weight of the column of oil, as it H 

1 ises to the cotton ; — and secondly, the introduction of a rec- fT H r 

t.iiigular n*gii1ator, which equilibrates constantly by the resist- y | ^ 

ance of the oil and the force applied to raise it In the reservoir fl ^ 

( fig, 1060), is a spiral spring which presses on the disc or piston, U 

Jig 1061, which is furnish^ with a valve opening downwards. 

I'll is spring is attached to a tooth rack, worked by a pinion C^ijllLa ^ 
wheel, by the means of which it is wound up. The mechanical iH7v 

force of the spring is equal to fl’om 16 to 20 pounds ; and as this I | ^ 

force is exerted upon the disc, floating on the oil, this is forced | | 

up through the tube, and it overflows to the argand burner, tho- $ ^ H| ? 

roughly saturating the cotton, and supplying a constant stream of \j| 

oil. This oil falls back into the reservoir, and ia, of course, above |l 

the disc. Wt|gn the spring has run down, it is again wound 
up; and tlffipfeie valve opening downward allows the oil to / ESgl | 

flow back ffiimth the disc, to he again forced up through the 1 Iglw ] 

tube. As the pressure employed is io great, toe oil wouldi NI BS^S h/ 
hut for the ** moderator," now over with too much rapidity. 

I'his moderator^ ot regulator, is a tapering rod of iron-wire, r 

which is placed in the ascending tube ; and, as the pressure 1 I 

inci eases, it is forced more into it, and checka the flow of oil ; L m 

whereas as it diminishes it falls, and being tapering, allowe 
more oil to Hee. Several inMnious adj ostments are introduced 1061 

into these lamps, as manufactured by the Mesers. Tylor of 
Warwick Lane, with which we need not at present deal. The . 
cylinders containing the oil are covered with easee in meud / A 

or hometimee of porcelain. Two dnwings of tbeae are ihown I ( O j I 

(Jg. 1062 ondy^. 1063). Theiq lamps admit eridenthr of yet 1 y 

more elegant forms than' have been given 'ibem. The tint- (Si j / 

shaped, from the antique, in veiw pare laetn* it the hmt httw* 
duction of the house above named. ^ - ^ 

It would be tedious to enomeintelim TirioinmodilManid^l^ 
the oil lamp has been eutjeot, p^ous to Hi arrhitf it, 
ftet construction by ArganA The dieeovery of the miaae of 
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by this indiTidual not only produced an entire re volution in the mannAietore of the ar* 
tide, but threatened with ruin all those whom the patent Moludod IVott rartieipation 
ioaq loh'i in the new Irad4. ; so iiuion so indeed, 

, ‘ that Artaud, who bad not been ap 

^ ^ prentioed to the budDese, was pub- 

jlljfj,, ^ licly perseented b} the tinners, lock - 

IV \ smiths, and iromnongers, who dis- 

ISJll \ /flP ' ) putml iiis n^tht by .iny improvenifnta 

jlliyil! !• I I 1 ] |||W|)|| il tu intyiiige the prvirM of their char- 

\]HW * toM |pmi)i< { Jj teredo o.'aiiou. ** This invention/* to 

^yUiyiiji j Jy *|uote X descHIption of the lamp pub- 
lishrd some )eara ago, **einbracDS so 
jllllf uuuiy iTuprfivemcnts upon the com- 

itioD lamp, and has become so gene- 
lai (hroughout I'lurope, that it may 
be justly ranked among the greatest 
m W iliseoveries of the age. As a subtti- 

m candle, it has the ad von • 

I tuge of |p%at economy and eoine- 
much greater brillinnoy ; 

^ wL and for the purpose of protlncing heat, 

I |H it is an important inHtruinent in the 
ii '|B hands of the chemist. We may, with 
propriety,** continues this autho- 
rity, ** compare the common lamp tiiid 
candle to fire made in the open 
air, without any forced method of 
supplying it with oxygen; while 
the Argand lamp may be compared 
fl|i4 to a dre in a furnace, in which a 

rapid supply of oxygen is furnished 
velocity of the ascending cur- 
_J ' ▼ ^HBBSSSSB rent. This, however, is not the only 

ah advantage of this valuable invention. 

It is obvious that, if the combustible 
vapour occupies a considerable area, the oxygen of the atmosphere cannot combine 
with the vapour in the middle part of the ascending column. The outside, therefore, 
is the only part which enters into combustion} the middle constituting smoke. 'J’his 
evil is obviated in the Argand lamp, by directing a cnirent of atmospheric air 
through the flame, which, instead of being raised from a solid wick, is produced 
flrom a circular one, which surrounds the tube through which the air asoenda** 

The mechanism of the Aignnd burner, in its present improved state, will be clearly 
understood from the annexed figures and explanation, which apply equally to each de- 
scription of the lamps hereafter described. 

A,>?y. 1064, is a brass tube, about SJ inches in length, and inch wide ; within this 

tube is placed another, b, 
which issolde^ fast in- 
aide by the flange at o ; 
fli the space between these 

I H tubes contains the oil sur- 

I A II I rounding the wick, and 

lUt KAv hi Ih 

mmm [■■i Mie ■ mittod from the reservoir 

cj, W I B janflli y by the side pipes PB, rises 

in the tubular space, either 
^ height corresponding 
with its level in -the veeer* 
^oir, or at least so as to 
g L. maintain the wick in a 

state of constant latnra- 

tioD. Tb« tid)*» iioT , 0 MMmbl« thiekiMH, fcaWnf a aplnl mo,, oat almt U 

from top to bottom t f it a mMallic ring ma4o to alip orer the tube •, it eoDtaia, a 
abort pht ioridc, vbibb flU eiactly into th, gnow JM mtotioi^: • it ^ 

ciKolar wown«i««B iriob,tlmi«w«eiid oTwbiobitdfM® Wrtnwm^ neAorjta 

riiut Hit a oopptr tabtL «itb a tUt nanriv from top to bottom : it admiU tbo Flag 

r7<^ boi4 di^«diomtboiH*ertalMa.«stedp tollwu^nf tbo mite Inbe 

by means of a ngrrow rim aeotf top ate, and inotner at igg bottom or between 
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tlio npjYci nm atirl tho margm, there is a small projecting pin r, ^hicli, irlu n the whole 
Hppaititus 18 comhiiiod fits into the cavity e ol the eollai To prepare the lamp for 
Uhc% the tube n is placed between a and ii, as just diseribtd : the ring l, with its 
charge of cotton, is next inscited, the pin in the inside falling into the spiral groove, 
and that on the outside entciing the slit m the tube u, which, on being turned about, 
moves tin ring f down upon the sciesi(.d inner tulic, until the wick onl} just rises 
above the superior edges of the tubes, m the inters al ^tween which it lies in the oil 
In tins stage, the fianie 1 is placed on the nick m the collar at e, falling upon the pin 
near the top of n the lowci disc./ g, passing over the tube A. at once presents a 
couvciiu nt support for the glass chimney, and a finger-hold for raising the w ek. The 
cential tube is open thiougliout, communicating, at its lower end, with the brass 
iiccptacle K , the latter la ])crforutcd at top. to admit the air which, by ciicalating 
thioiigh the above tube, and the hollow flaiiic which suiroundp it, causes the lamp to 
burn with that peculiar ficcdoni and brilliancy wbicli distinguish the Aigaiid eon- 
stiiiction. Tins last-iiientioncd receptacle likewise catches any siuall quantit> of oil 
which iua> pass over the inner tube during the combustion of the wick i is the 
brass peg, which fits into tlic' upper pait of the pillar, in the table lamp 

In addition to the endless variety ot small pot table lamps, the peculiaiitics of which 
it would be tedious to pai ticiilai ise, and the meiit of which, as compared with tliosi 
on the Argand principle, consists, for the most part, in then cheapness, the nioic nii* 
poitant articles, and those gcncnilly in demand, may he distinguished as fi\cd or 
iliac ket lamps, suspended or chandelier lamps, and tabic 
Ol French lamps — all these having burncis on the piin- 
ciple above desciihod. The loimcr sort w»ie, previous to 
the introduction ol gas, 'very common in shops. The 
globe A (J*9 K’OA), w huh IS sometimes made plain and 
106 '! 


sometimes embossed, as in the cut, screws ofif, when the 
oil is poured in at an opening in the lower pait, which 
18 afterwards closed by means of a slide attadied to 
the stem, b, and the globe, thus replenished, is mvert4>d 
and Bcrew^iiito the jiart, c. 'When the lamp is used, 
the stem i||||gai8cd a little, and the oil is suftered to flow 
through the intermediate tube into the cistern D, only at the 
rate at which it is consumed by the burning of the wick. 

The peculiar form of the glass chimney £ is admirably 
calculated to assist in the more complete combustion of 
the matter drawn up to the wick when impure oil is used, 
a desideratum originally in part secured by placing over 
tlio cpntral tube, and in the midst of the flame, a cir- 
cular metal^ plate, by means of which the ascending 
column of air was turned out of its perpendicnlar course, 
and thrown immediately into that part of the flame where 
the smoke is formed, and which by this ingenious con- 
trivance IS effectually consumed ; this application, how- 
ever, IS not necessary, nor the form of much moment, 
when purified sperm oil is Used. These limps being 

OKUttlly made to move on a pivot at f, attached to the waH • 

or other support, are very oonvenlmt in many silnatioiiiL Of Mog emPy ftSvonetHI 
over a desk or counter, and afterwardi turned aside, wben not In Osn, 
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The smumbrul lamp having passed not of use need not bo described. 

Tho use of spirit lam|)s followed, and we have the naphtha and etmphlne lamps of 
this ordtr. The accompanying woodcut (Wg. 1066) shows the peculiarity ot the 
cainphme lamp where the reservoir of spint f turpentine depiived of smell) is fur 
below the burner, to which it ascends by capillan attraotloo, through the tubes of the 
cotton wick. Lamps to bum naphtlias ( Jielmontttie, lire.) are consttiii ted on the some 
principle, as arc all tlic paraffine and mineral oil 

One of the best oil lamps, is that knowu as Careers lamp. 

In this laniji the oil is nii8t*d tiirough tubes by clock-work, so .is coiithiua]l> to 
o\ ( tIIow at thr ItoUora of the burning nick $ thus k« e)nikg it thomugl ty soaked, while 
the excess of the oil drops back into the cistern belo^\. 1 imve p^tsscssed for several 
years an exctlicnt lamp of this d«‘8cription, which fieifonut U’ost satisfactorily ; but 
ir ran hardly be trusted in the hands ot u si nant; ai d when it gets at all deranged, 
u mutt be sent to its eoustiuetor m Pans to be ri*p'iir*‘d. Th« light of this lamp, 
when fuioi'^hed nith an appropriate tall glass chmin<\, is vor^ bnlliunt, though not 
jv Hrctl} 111 itorm ; sini v it fluctuates a little, but iiln lys perceptibly to a nice oh 
s* i\cr, mill the ulternuting action of the piunp-Moik , Ueoiuing dimmer after every 
successive jet of oil, and brighter just before its rctu i l The Aame. moreover, al n o} h 
J lickers more or less, owing to the ponerfiil draught, and rectangular leverherutoiy 
shoulder of the chimney. The nieclianical lump is, however, remarkable for coii> 
iPiuing to burn, not onlv with unabated but with increasing splendour for 7 or M 
hours ; the vivacM(> of the coinhtistioii increasing evidently with the iiieriuscd tcni 
peratiire and fliicue^ of th«‘ od, nhich by its ceaseless circulation through the ignited 
wick, gets exintiially pretty warm. In the comparative cxperiineiits made upon 
diftereiit liphts liy the Tarisiau philosophers, the mechanical lamp is coinmoiil} taken 
as the hi.iiiiLird. 1 do not think it entitW to this pre-eminence : for it may he 
made to emit very different quantities of light, according to difTeronces in the iiatiira 
and supply of the oil, ns well as variations in the form and position of the chimney. 
Hesides, such lamps arc too rare in this country to he selected as standards of illu- 
iiijiiation. 

The following experiments hy Dr ITrc, are well worth preserving 

'J'he gnut ohstiitle to tlie coiiibiistioii of lamps lies in the viscidity, anil consequent 
sluggish supply of oil, to the wicks ; uii ohstiicle nearly insuperable with lamiis of tho 
eoDiinon constriictioii during the winter months. The relative viscidity or relative 
fluency of different liquids at tho same temperature, and of the same liquid at different 
temperatures, ha<«not, 1 believe, been hitherto made tlie subject of accurate reseat ches. 
1 was, therefore, induced to make the following experiments with this view. 

Into a hemispherical enp of platinum, resting on the ring of a chemical stand, I 
introduced 2000 water-grain measures of the liquid whose viscidity was to be measured, 
and ran it off through a glass siphon, ( of an inch in the bore, having the outer leg 3^ 
inchc^ and the inner leg 3 inches long. The time of efflux became the measure of 
the viscidity ; and of two liquids, if the specific mvity and consequent pressure 
upon the siphon were the Mine, that time would indicate exactly the relative vis- 
cidity of the two liquids. 'L'hus, oil of turpentine and spcim oil have each very nearly 
the same density; the former being, as sold in the shops, - 0*876, and the latter ffoiii 
0*876 to 0*880, when pore and genuine. Kow I found tliat 2000 min-measuxes of 
oil of turpentine ran on through the small siphon in 9ff seconds, while that quantity 
of sperm oil took 2700 seconds, being in the ratio of 1 to 28) ; so that the fluency of 
oil of turpentine is 28) times greater than that of sperm oiL Pyroxilie spirit, com- 
monly called naphtha, and alcohol, each of specific gravity 0*825, were found to run 
off respectively in 80 and 120 seconds ; sbowing that the former was 50 per cent, 
more fluent than the latter. Sperm oil, when heated to 265^ Fahr., runs off in 30o 
seconds, or one-ninth of the time it took when at the temperature of 64^. Southern 
whale oil, having a greater density than the sperm oil, would flow ctf iksCer were it 
not more viscid. 

2000 grain measures of water at 60® ran off through the said siphon in 70 seconds, 
but when heated to 180^ they run off in 61. 

Concentrated sulphuric aem, though possessing the great density of 1*640, yot^ws 
off very slowly at 64®, on acoount of its viscidity t whence its name of oil of vitriol, 
sooo mio-nMtiirM of it took *60 otcoodi to dnolmige. ... - _ 

LAllPlC ACID; 8gm. AUcihydie aeidt AootyloM oeid. ( And, Ft.) 
If a little ether bo ptsead at the bottom of a gt$m, and touoapoopjptattmHi attaoM 
to a win of tha aame metal bo igmtod aod mipeadcd abont an mob from the iaU, 
it will glow and ooadniw todo«»«praUmgthi»e.OB the othor haaA if a a^of 
piattniim win bo riariBd over the wiob of a .pint lamp, and the lattrr bo dnt Igridol 
ami UteuZt iSloMillBDe at a nd haKmrtilaUlboapiritiaoslH^ 

HumotOM loo ga hatMoi, wbto ipbood warn on wiw ftwa oow oa p wl oe mntilimg 
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alcoliol, will glow in the fame munner. Under all theae cnwmiiitnncef, a piirerfb! 
hdour resviiiblin^ aldehyde if evolved, which itrongly affects the eyes. If this expe* 
riment be made in such a manner that the volatile piquet may he eondensed, it will 
be found to be strongly acid. It is powerfully reducing in its tendency, and if heated 
with the oxides of silver or gold, converts them into the metallic state, and the 
liquid is found to contain acetic acid and resin of aldehyde. If, however, the acid 
liquid be only very gentl]r warmed with oxide of silver, a portion of the latter is dis- 
solved ; bnt when baryta is added to precipitate the silver as oxide, and the fluid is 
warmed the metal instead of the oxide conies down, and the fluid when tested for the 
nature of the acid, is found to contain nothing but acetate of baryta. These phe« 
nomena are explained by some chemists by supposing the fluid to contain an acid 
which they, following the late Professor Daniell, call the lampio,and supposed to con- 
toin (/*H*0*. When lampic acid is treated first with oxide of silver and then with 
baryta water and heated, they consider that the oxygen of the oxide of silver is trans- 
ferred to the lampic acid, converting it into acetic acid, which combines with the 
baryta, while the metallic silver is precipitated. The following equation explains 
the reuction supposed to take place: — 

+ BaO + Ago - G«H*0>,BaO + Ag + HO. 

I^ampic acid. Acetate of baryta. 

The conversion of the lampic into acetic acid is therefore attributed to the oxidising 
tendency of the oxide of silver. Those who regard the decomposition from the above 
point of view, consider lampic acid to be acetylous acid, that is to say, to bear the 
same relation to acot>lic acid (acetic acid) that sulphurous acid does to sulphuric 
acid. 

The above explanation, although simple, does not really render a satisfactory 
account of the reactions which bear upon the suldect. Aldehyde, when treated with 
oxide of silver does, it is true, become converted into the same, or apparently the 
hamr, substance os lampic acid, but the probabilities are in favour of Gerhardt’s suppo- 
Mtion, that the lampates are in flust Aldehyde, in which an equivalent of hydrogen is re- 
placed by a metal. That the aldehydes are capable of uniting with metals with elimina- 
tion of h>drogen haabsAn, on more than one occasion, proved by experiment. There 
IB great difficulty in preparing the sodium aldehyde of the vinio series, but the author 
of this article has found tluit if euodic aldehyde from oil of rue be treat^ with sodium, 

a definite compound is formed, having the formula 

If, therefore, we admit aldehyde to be formed on the hydrogen type, that is to say, 
two atoms of hydrogen in which one ia replaced by the oxidised r^cai aoetyl, we 

shall have for aldehyde : — U > I and for the lampates, aoetylurets, or aldeby- 

dates : — M I ' ^ Gerhardt, who views the lampates in the above light, regards 

aldehyde as the true acetylous acid. See Acetyl. — C, G. W. 

LAMBSKINS. With the fleece on, these are extensively used for clothing, for 
door mats, and the like. Prussian lambshns are used for linings, for coat collars and 
enffs. Astracan kimfr, which is a rich glossy black skin with short for, it used for 
m.iny ornamental costumea. Hungarian lamb : this skin forms the national coat of 
Hungary. Spanish lamb : — the short jacket of the Spaniard is made of this skm. 
It is said that i^^ards of a million lambskins pre imported into this oouatry for 
glove-makingL ml 

LANCEwOOD. Uvaria laneeolata or Guatferia virgaia. This wood ii hnpoiM 
from Jamaica and Cuba in long poles foom 3 to 6 inehes diaiaetar. Lanoe wood is 
paler in colour than box i it is selected for elastic works, as gig-sholts* nrofaary b^Sf 
springs, &o. These are bent into the required form by boiUng or steaming* 
veyor's rods, ordinary rules, and billiard cues are made of lance wood, 

LANDER. In mining, the mao who attends at the mouth of the abaft to rsoeive 
the ** kibble of ore *’ as it reaches the auffaco. . 

LAPIDARY, Art of. The art of the lapidary, or that of euttinfr poliahfoffi 
engraving gems, was known to the ancients, many of whom have left ndmlsahM sp^ 
cimcos of their skill. The Greeks were paseionate lovers of laid 
shines \ and the ttost parsimonioos aaaong the higher elaases of the Qrasaiads 
to have worn rings of the value of tea rnhsm (about of our money). By y y* 
greater part of the antique gems that have iwmliad modem ttmA tsmr be odamam 
as so many models for forming the taste of the atudeat of the sat am aadf^i^ 
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iemd in ParU, are vneaf, octahedral evrilala. But tlHi of working dsanonda 
waa probabiT known la Hiadostan and China invriy r anim jperloda. Allw Lonla de 
Berffhen*! dlRCovery, In 1479, of poliahing two duumoMa M |Mir auMl attrition, all 
the llDMt diamonda were aent to Holland 10 be cnt and ptitlk U hj tha Mcoh artlata. 
who long rctainid a mperiority, now no loafer admitted hf Hio lapidaHita of l^mdan 
and Pane* Sea lhAlioink. 

The operation of gem onttlng it abritfad by two 1, hg deawagti 2, 

by cutting off tlieea with a dno wire, ooaiad with diamiaMl powder* and ftstd in 
the etock of a hand-aaw. Diamond te tbo only pnwioui atone whioh ie cat and 
pnliihed with diamond powder, eoaked with oUt« «u upon a aaUI pSate of IP017 aoft 
steel. 

Oriental mUet, tapphlrai, and topaaea, are out with diamond powder aoakad with 
olire oil, on a copper wheel. The Iho^ thus formed are affwrwards poliehed on 
another copper wheel, with tripoli, tempered with watei. 

Emerald hyacinths, emcthyata, garnets, agates, and other softer stones, are cut at a 
Wnd wheel, with ornery and waters and art polished on a tin wheel with tripoli and 
water, or, atiU better, on a line wheel, with putty of tin and water. 

The more tender proe&oue etonee, and even fho pistes, are cut on a mill-wheel of 
hard wood, with emery and water} and are poUibed with tripoli and water on another 
wheel of bikid wood. 


Since the lapidary employs always the same tools, whaterer be the stone which ho 
cuts or poliihes, and since the wheel discs alone vary, ea also the substance he uses 
with them, we shall describe, first of all, his apparatus, and then the manipulations for 
diamond cutting, which are applicable to every species of stone. 

The lapidary's mill, or wheel, is shown in perspective in Jig. 1067. Tt consists of 
1057 * strong frame made of oak carpentry, with 

tenon and mortised joints, bound together 
H I ll *lth strong bolts and screw nuts. Its form is 

^ ^ I a parallelopiped of from 8 to 9 feet long, by 

tf****n f| 6 to 7 high } and about 2 foet broa«£ 

B Tliese dimensions are large enough to con- 

U I cutting wheels alongside of each 

-ucEii pyj [■_ other, as represented in the figure. 

' -3 P Besides the two sole bars a n, we pcrcelvo 

lha breadth* 5 cross bars, 0 , d, b. f, o. 
^ ft The two extreme bars o and o, are a piurt of 

JL n the firamc'Work, and serve to bind it. The 

^ A A n two croas-bars i> and r, carry each in the 

^ middle of their length, a piece of wood as 

thick as themselves, but only 4} inches long 
(seeyfo. 1067), joined solidly by mortises and tenons with that cross Iwr as well as 
with the one placed opposite on the other parallel face. These two pieces are called 
swamerc (lintele); the one placed at o is the upper ; the one at F the lower. 

In/Ep. 1068 this fime is shown inside, in order to explain bow the mill wheel is placed 
and supported. The same letters point out the same oMects, both in the preceding and 
the Ibllowins fignrec. 

In each or these etMSMre a square hole is eut out, exactly opposite to the other in 
which are adjusted by foiction a square piece of oak, a o, 
A 1006 Af' whose extremities arc perforated with a conical 

^ hole, which receives the two ends of the arbor b of thr 

n wheel i; and forms its socket This square bar is adjusted 

^ C ^' ' in at a convenient height by a doable wopden wedge, 64. 

^ 2 S The cross bar in the middle n, supports the table o e, a 

tll] en strong plank of oak. It is pierofd with two large holes, 

a llL whose centres coincide with the centres of the conical holes 

p=Jnlgl.’ u« hdllosred out at the end of the equare pina Theee hoiee 
I vD , of about $ inches diameter each, are intended to let the 

sA a arbor paaa freely through, bearing ita reepactfea 2rh^ 

t:— 11 (See one of these boles at 1 , ju fig. 1072 below.) 

I saSn wheel la composed of an iron arbor 1066, 

Ji effisrS of a grinding wheel 1 , which differs in snbslance according 

^ Q toeirciuBstaaees,asaIready stated, and of the pii]|eTF,ftir* 

II niahed with sereral grooves (see Jig, 1070), whiA has a 

rr ^ S sqnare fit tupon the orW. The arm carries a ooUat <f, qb 

d -r ■. rr- ft gre 4 iron psga or pfaia that enter into the wheel to 

^ V. fosten it 

' The itM plate, of which the gronnd plaa ia aheni« at 
fSk B, tehoUowedottt towards tee oentre to half itethkhmsf 

whan it ii in its pcritioii on the hrbor, af indicated ImJIg, 
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1069, a waalicr or ffirule of wrought iroo it pot o?er it, and secured in its place by 
A double wedge. In 1069 the wheel-pUte it represented in section, that the 
connection of the whole parts may be seen 
A board p (tee Jiff. 10G7 and Jiff. 1076), about 7^ inches high, it fixed to the 


part of the fhime opposite to the side at which the liipidary works, and it prevents 
the substances made use of in the cutting and polishing from being thrown to a 
distance by the centrifugal force of the whccl-platc. 

Behind this apparatus is mounted for each grinding-plate, ]069 
a large wheel L (see Jiff. 1067), similar to a cutler's, but placed | A 10/0 

horizontally. This wheel is grooved round its circumference I I 

to reeiMve an endless cord or band, which passes round one of ub^bhji 

the grooves of the pulley j, fixed below the wheel-plate. Hence, y 

on turning the fly-wheel l, the plate revolves with a velocity I g 

relative to the velocity communicated to the wheel i., and to I 

the difference of diameter of the wheel L and the pulley J- K ^ 

Mach wheel l, is mounted on an iron arbor, with a crank (see 

M,./yp. lo/ 1). f A 

The lower pivot of that arbor h is conical, and turns in a ( ^ 1 

hooket fixed in the floor. The great wheel l refcts on the collet V 

r, furnished uith its 4 iron pins, for securing the connection. 

Above the wheel an iron washer is laid, and the whole is fixed by a double wedge, 
which enters into the mortise i^Jiff. 1071. 

Fiff. 1U72 exhibits a ground-plan view of all 1072 

this ubscmblagc of parts to explain the structure — 
of the machine. Everything that btunds above 
tlic upper aummet -ftar has been Supprebsed in this 
representation. Here we sec the table c c; the 
upper Mtmmer tn ; the one wheel-plate /, the other 
having been removed to show that tho endless coid 
does not cross ; the two large wheels L l, present 
in eiich machine, the crank bar m, seen si‘parutc 
111 ftff, 1073, which serves for turning the wheel l. 

1073 


iw 


I ’ i 

zi _ _ 

I p K i 

& 









This bar is formed of 3 iron plates «, oj p^q\ and 7 , r (Juj. 1078). The first is 
bent round at tho point n, to embrace the stud s ; the second p 9 , is of the same 
breadth and thickness as the first; and the third, is adjusted to the latter with a hinp 
joint, at the point 7 , where thej are both turned into a circular form, to embrace the 
crank H. When all these pieces are connected, they are fixed at the proper lengths by 
the buckles or square rings ttU which embrace these pieces, as is shown in^lg. 1072. 

The stud «, seen in Jiff 1073, is fixed to the point n, by a wedge-key upon the 
arm p, represented separately, and in perapective, iny^. 1074. The labourer seising 



— — “ .u, wuAiuuuivaw* <iuc oiuuv auvi.ivi« w — ^ j. 

the crank of the arbor K, and impresses on that Sffbor, and the wksol whiefc H 
a rotatory movement* 
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1075 ihowi piece-meal and in penpectiva a part of Uie 1apldaij*a wlwel-min 
Tliere we lee the table c e, the grind plate i. fthoae axi« fa ifcM in a ^rartioaf poaitiou 
by the two la^iiare plug! aa, fixed into the two emmwrre bjjr the wedgea Bik On the 
two eidcaof the wheel- plotCf we pereeieo an important inatnunent ealied a iM, whkh 
aenres to hold the stone during the catting and poliehtng. Thia inatriunant has re- 
oeW^ lately important ameliorutions, tnbedaaermcd in Jig 1070 The lapidary bolda 
thb instnimcnt in hit handt he rests it upon the iron pins u a, fixed ui the table. lo»r 
he should be alferted by the velocity of the reTolviiig a heel-plate. He loads it soniv- 
tiines with weights r e, to make it twe better hold of the grinding plate 

Fig. 1076, shows nu iinproremvTit made by one of tin* most eaiwrt iai>ldaries of 
Geneva, whereby he cut*' aud polishes the faoct with extreme rvgulerliy, converting 

1076 true dial. ^ Each of the two jaws bears a large conohoidal 
/ _ cavity, into which is fitted a brats bidl, which curries on its upper 

' part a tube c, to whose extremity ii^ fixed a dial-pl tte^y, engraved 
with several concentric circlet, divided into equal parts, like the 
lootht d-wheel cutting engine-piute, 'iccording to tlie number of 
facets to be placed in each cuUing range. The tube receives with 
moderate friction the handle of the cement rod, which is fixed at the 
proper point by a thumb-sorew, not shown in tlie figure, Wing con- 
cealed b> the vertical limb d, about to be described. 

A noodle or index g, placed witii a square fit on the tail of the 
cement rod, marks by its point the divisions on the dial plate ff. on the side m », 
of the jaw a, there is fixed by two screws, a limb d, forming a quadrant whose centre 
is supfioted to be at the centre of the ball This quadrant is divided as usual into 90 
degrees, whose highest point is marked 0, and the lowest would mark about 70 ; for 
the remainder of the arc down to 90 is concealed by the jaw. The two graduated 
plates are used as follows: — 

When the cement rod conceals xero or 0 of the limb, it is then vertical, and serves 
to cut the table of the biilliant; or the point oppfisite to it, and parallel to the table. 
On making it slope a little, 5 degrees for example, ail the facets will now lie in the 
same xone provided that the inclination be not allowed to vary. On turning round 
the cement the index g marks the divisions so that by opc^rating on the circle 
with 16 divisions, stopping for some time at each, 16 facets will have been formed, of 
perfect equality, and at equal distances, as soon as the rex olutiou is completed. 

lu cutting the stones, they are mounted on the ccnient-rod 1077, whose stem 
is set upright in a socket placed in a middle of u sole piece at a, which receiven the 
1077 stem of the cement-rod. The bead of the rod fills the 

cup of A. A melted alloy of tiu aud lead is poured into 
the head of the cement-r^, into the middle of which the 
■tone is immediately plunged ; and wherever the solder 
has become colid, a ^rtion of it is pared off from the 
top of the diamond, to give the pyramidal form shown in 
the figure at B. 

There is an instrument employed by the steel polishers 
for pieces of clock work, and by the manufacturers of 
watch-glasses for polishing their rages. It consists of a 
solid oaken table 1076. The top is perforated with 
two holes, one for passing through the pulley and the arbor of the wheel plate B 
made either of lead or of hard wc^, according to circumstances ; and the other o for 
receiving the upper part of the arbor of the large pulley i>. The upper pulley of the 
wheel plate is supported by an iron prop b, fixed to the table by two wc^en screws. 
The inferior pivots of the two pieces are supported by screw sockets, working in an 
iron screw nut snnk into the summer bar v. The legs of the table are made longer 
or shorter, according aa the workman chooses to stand or sit at his employment. 
Emery with oil is used Ibr grinding down, and tin putty or colcothar for polishing. 
'J'he workman lays the piece on the fiat of the wheel plate with one hand, and presses 
it down with a lump of cork, while he turns roond the liandle with the other hand. 
See the different oBiis under their respective heads. 

liAPIS LAZULI. A silicate of soda, lime, and alumina, with the tulpliide of 
iron and sodium in minute quantities. Tins beautifhl mineral is found in crystalline 
limestone of a greyish colour, on the hanks of the Indus, and in graalte in Persia, 
China, and Siberia. • .... 

The finest varieties are highly erteemed, being employed m the masinfiietufe of 
costly vases. It was also the aouree from which the beautUbl pigment ultramarine, 
was obtained, but this cotour is now pvepared artificially at avery cheap rale, 8eb 
Ultrahabibb. ^ . ... 

L APa Metal porishing wheels. Uetal wheels or laps made of nearly eveiy metil 
'’oL. II, 3 F 
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and alloy in common nsc^have been more or less employed in the mechanical arts as 
vehicles for the application of several of the polishing powders, fiut of all laps* not- 
withstanding their variety, those of lead, slightly alloyed, and supplied with pow- 
dered emery, render the most conspicuous service. Generally the plane, or flat surface 
of the lap, IS employed: at other times the cylindrical edge, as by cutlers; but the 
portion actually used in either case called the face of the lap. There are several kinds 
of lops. The lap is in some cases a thin disc of metal, fixed by means of a screwed 
nut against a shoulder on the spindle, but it is better with lead laps to employ an iron 
plate cast full of holes to support the softer metal. The casting mould may in this 
case be either an iron disc, with n central screw to fix tha iron centre plate at the 
time of pouring, or the mould may be made of sand and in halves, after the usual 
niniiner of the foundry. In cither case the iron plate should be made as hot as the 
fiuid metal, which, by entering the holes, becomes firmly united to the iron, especially 
if the holes arc largest on the reverse side, or that away from the lead. — HoltzapffJ, 

Lap is also a roll nr sliver of cotton for feeding the cards of a spinning machine. 

JjAKD. The fat ot the pig. Our imports in ISfi.'i and 1864 have been — 



lSf>3. 

IHCl. 



Computod 
real value 

rwi«. 

Computed 
**0 il valui*. 



£ 


£ 

Tfiiinburg . , - - - 

United Mtatefi : 

5,442 

16,287 

5,384 

16,276 

North Atlantic ports - - - 

.019.220 

99.3,23.3 

202,636 

451,274 

South Atlantic ports ... 

l.Hbl 

3,442 

6,005 

1.3,674 

RritiKh North America . - - 

1 ,970 

3,982 


Other parts - . - - - 

2,019 

5,614 

3,250 

_9,20l 

Total ----- 

530,512 

1,022,558 

217,275 

490,435 


LARD Olli. Lard being subjected to pressure, an oil, o&me, is expressed, itearine 
being left. This lard oil is much used for lubrioating mat^inery, and it was employed 
for the adulteration of olive oil. 

LAi^KS. All Indian cut stones are called lasks, ThQr are in general ill-shaped 
or irregular in their form, their depth ill proportioned. The table, or face, seldom in 
the centre of the stone, sometimes too broad or too small, and none properly polished. 
The chief thing regarded is saving the size and weight of the stone. These stones 
are always new wrought when brought to Europe. 

LATIIK- CORDS. Cords for turning lathes. These cords are made of intestines 
of horses, cleaned and prepared by the separation of the mucous membrane in the 
manner described under Oold-Beatees’ Skin. A wooden ball, armed in its lower 
part with four cutting blades, at equal distances from each other, is fixed by an 
upright piece of wood to a bench. The end of an intestine is then drawn over this 
ball, and as the gut is pulled downwards it is divided Into four equal bands or strips. 

Four or eight of these strips, according to the thickness which it is intended hi 
give to the c^, are tied with a peculiar knot to one end of a thick piece of cord. 
Tlie end J^nNMd around a peg introduced into a hole in a solid post, to the side of 
which a Mnbcr of pegs arc attached. At a distance of ten or eleven yards from 
the first one, another post is fixed, similarly provided with pegs, and over one of 
these latter the middle of the assemblage of strips is passed, the other Ond being 
brought back, and attached to the first peg by means of another knotted cord* 
tied ends of the strips are then attached to the wheel by a hook connected with the 
whirl, which is made to revolve until the strips are suffioiently twisted. The 
twisted end is then kept stretched by attaching it to the peg, and any ptojeetiog 
fiiunrcDts are cut off. After being stretched for some time, the com are then 
twisted again, and a third and a fourth time are twisted by hand, being each time 
rubbed with and drawn through a bunch of moistened horsehair ‘after we tvlatiafft 
and again stretched out between the two posts. If the oord is not imootii end 
after the twisting is completed, it is mode so by rubbing with a pieee of do^wim 
It is then dried, and hy some makers is exposed to the vapours of sa^phor* At lost 
the ends are cut off, and the cord is rolled in a coil. , 

^ In order to avoid the putrid emanations ftom the Intestinal^ which era ff?*®***? 
in an incipient state of decomposition, Labarraqne reeominapds to.cdaen them v 
once, imn the inside out, and put them to soak over night in a eaik oootaiot®j(* *** 
^een or twenty intestines, chloride of potash at 13® or 18®, t lb. | water, 4 
The mucous mombraao is ready to be detached the ne*^ day; and tftsf 
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rcmoral, and a thorough vashitifr, the intHtlnog can at onde be prepanril •• hat been 
already described. 

LATH WOOD. The outside cutUngi of dr trees, used ibr being fpitt into laths. 

LATTEN is a somewhat antiquated term, which was a^fed to SevSfiil kinds of 
aheet metal. ** Mines of fatten^ whaterer vm have been meant b^ the wciVd« are men* 
tinned in the time uf Henry VI., who made his chaplain, Jkhti Rottaf^fat, eomp- 
t roller of all his mines of ^Id, silver, eopp$r, hfMi leaA wHhin the eountles of 
Devon snd Cornwall.” Is tm meant by the term? - WiH»on\ Vhemivnl Biutayt* 

In the rei^s of Henry Vlil. and iMwaid VI., several arts of parliament were 
passed, prohibiting tho exportation of brass, copper, Aittca, bcH metal, gun metal, 
hobrof metal. Ac, Windows framed with lead are eitlliHl lathe§ windows in the 
AVest of Englsnd 

Tho term is now applied to sheet or plate brass. Ithrk Jatten is rolled sheets t 
Jatten is in thttinet nheett^ and r<M lattim is polished on both sides. 

l^A ITNf)K!i. A miner's term for a wooden tube or gutter to convey water. A long 
hiiallow trough, carrying eff the ore from the stamps 

LAC It EL OIL. Th^iB oil is known also under the name of **oilqf Atvs," and is 
obtained from cither the fresh or dried berries of the hay ttee {Lauru^ nobt/m), which 
grows prinoipall} in the south of Europe; and is also cultivated in our gardens, the 
leaves being used by tho cook on account of their flavour. The berries were 
analysed by Bona«tre in 1S21, and amongst other things, were volatile oil, 0 8, laurin 
(camphor of the bay iurr^), 1‘0, and fixed oil. 12 8, in 100 parts of tho berries. 
Duliamel states that thi fixed oil is obtained from the fresh and ripe berries by 
bi iiising them in a mortar, boiling them for three or four hours in water, and then 
pressing them in a sack. 'I'he expressed oil is mixed with the decoction, and on 
cooling is found floating on the surface of the water. When the dried berries are 
used, they are first subJcMsted to the vapour of water until they arc well soaked, and 
arc then rapidly pressed between heated metallic plates. By the latter process they 
yield one-fifth of their weight of oil. It is imported in barrels from Trieste. It has 
a hiityraccous consistence and a granular appearance. Its colour is greenishi and its 
odour like that of the hemes. Cold alcohol extracts from it the essential oil and 
green colouring matter, leaving the lauro-ntearine, which composes the principal part 
of It. With alkalies it forms soaps. But its principal use is in medicine, and more 
particularly in veterinary medicine. It has been used os a stimulating liniment in 
sprains and bruises, and in paralysis. 

Aiifitw oi7 q/ Lturel {Hancock) \ Lauril turj>cntine (^tra/iouse).— Imported firom 
Demerara ; obtained by incisions in the bark of a large tree, call^ by the Spaniards 
” Azeyie de noMzafras, growing in the vast forests Mtween the Ofinoi'o and the 
Parime. This oil is transparent, slightly yellow, and smells like turpentine, but 
more agreeable, and approaching to ml of lemous. Its sp. gr. at 00*^ ia 0*8645. 
It consists of two or more oils loorneric with each other, and .with oil of turpentine. Its 
colour is due to a little usin. It is an excellent solvent for caouteboue. (Pereira)* 

LAVA. The ejected matter of volcanoes. ** The stone which flows in a melted 
ft .lie from a volcano.” (LyeU.) M. Abich obtained from the lava of 1669,48 83 
Kilica. He made the lava to consist of 54*60 labradorite, 34*16 augite, 7*98 olivine, 
anil 3*08 mametie iron. 

DischofT gives the foUow*ing two analyses of lava: — 




Ilecla. 

Ktna 

Silica - . - 


- 54*76 - 

- 49*63 

Alumina 


- 13*61 - 

- 22*47 

Peroxide of iron - 


- . - 15*60 - 

- 10*80 

Lime 


. 6*14 - 

• 9*05 

hlagnesia 


• 1*36 - 

- 9*68 

Potasli - . - 


• . S*4l • 

- 3*07 

Soda - 


. m • 

- 0*98 


LAVA WARE. A pecnliar stoneware, mannlhctured and coloured to assume the 
semi-vttreoos appearance of lava. * v 

LAVER. Ponkgra loehOakt wd UtoaUaumma. (Sm Aro*.) 

LAVENDER, otfoC fcePmKiMMT. ^ ^ , 

From tlM flmrm of die ZoMwAibviMta ^ oil of ipl)M » oUniNd, irluob i, omA 
kjr peintm oe perMtaln, end by erdil* in die properetioo oTmub* terntebn. 
lawn, a ftn* linen fcbrio. ^ ^ ^ ^ . 

LAZULITE (Ena. end Fr.; XeMfitft. Germ.), from an Anbie otn^ nMMJat 

famm. It ie n Mae'itreoiin mlnerel. fcnnd meidve end erye^ine. tramriag elay 
•lete, end lomedinee nnited witb npnthir Inmj *n«& gt»». 2'76 to SVdt KntdiH 
gleu; afford* a litdo water tqr oakination t fiiwUe into a wbite ditoolTH ia 

Sr 9 
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aeids with loss of colour , tlie solution leaves an alkaline residuum, after being treated 
with carbonate of ammonia, filtered, evaporated and calcined By analysis it is found 


to consist of — 



1 

2 

Phosphoric acid 


. 

- 43 88 - 

- 46 79 

Alumina 


. 

- 31 77 - 

- 27 10 

]*iotoxide of iron - 


. 

- 8 90 - 

- 7 10 

Magnesia 


- 

- 9 89 - 

- 1187 

Witer- 


- 

- 5 5b - 

- 7 12 


I GAD (P/omb Fr • Gtrm ) This metal appeals to have been known at 
a vtr} early pc nod It is incntumcd b} Moses, as a metal in common use Job 
describes mining lor leid and the mitallurgie proctsscb of refining and separating 
silv r fioni k id ate vciy clearly described by both lob and Jeremiah 1 ead has a 
bluish gny colour, and when recently cut it exhibits considerable lustre, which, 
h >w< vti. It 6]Kcd ly losis It ib one of the softest of the ordinary metals, is easily 
cut with a knit ma> be scratched with the nail and maiks paper with a ^rcy stain 
Lead is malleabh and ma} be lx 'Ken into thin leaxes, but these arc of very imperfect 
tenacity , he nee it eann K be drawn into thin wi^e, a xviie of I'g of an inch in dia- 
mi tor will not support 20 lbs 

If lead be prepared in a veiy find} dixided state, it is pyroptiofic This is usually 
piepured from the tat ti ate of lead, by heating it in a glass tube as long as any fumes 
aie ivulxtd, consiqiicnil} it is finely divided lead combined with some carbon As 
boon ns the fuineb ce I'^e the tube niubt be closed at the blowpipe -1 imp If at anv time 
the tube IS broken, and the powdei scatti red in the air, it burns wi& a red flash 
If lead is heated in closed vessels, it fuses at b35^ F (335° Cent ), and at a red 
heat, It gives ofi^ v ipours If fused lead is allowed to cool slowly, it crystallises in a 
somewhat peculiar manner, the cr}8tai8 are refemble to the octahedral system, but 
they group themselves in a very complicated and interesting way By the olectro- 
cliemiedl action of zinc on a solution of the acetate of lead, crystals of that metal ate 
obtained in on arboie scent foira This experiment is usually spoken of as the forma- 
ti 11 of Saturn * tue, Saturn being the alchemic name for this metal 
Wlun fusid in the air, lead oxidises rapidly, and it becomes covered with an 
iiidebcent pellicle often of great beauty It then passes into a yellow powder 
(Litliaige) protoxide of lead 

Pure lead is not affected by perfectly pure water ftwe from air, but if air be present 
the metal is oxidibcd at its expense, and the oxide thus formed, combining with 
eai borne acid is deposited on the lead in minute cr}stals as a basic carbonate of lead 
Till water will then be found to contam lead m solution and such waters drawn 
fioiii impure cisterns often produce ver} dibtressing consequences If the water 
< ontains any sulphates, the lead is thrown down as a sulphate of lead, which is 
insoluble 

7 hi natn efimatwns arethe following The localities &c , are mainly derived iVom 
Greg and Lettsom s Manual of the Miniraloqy of Great Brilam and h eland 
1 Native lead Mr Greg appeals to doubt the existence of native lead in this 
count! } He sn} s, however, ** Native lead has been recently discox ered in pndoubtedly 
genuine specimens in the province of Ouanaxuato m Mexico Some equally genuine 

bpec mens of natixe lead have been found in the Grassington mines, these are m the 
possession of the Duke of Devonshire and of Stephen Mdy, Esq 
3 Native oxide of lead This ore is found in Anglesea, at Alston 

Moor, tlUbnailbeach Mine in Shropshire, at Grassington, the Lcadhills in Scotland, 
and Wiiklow in Ireland Its com^sition i8->lead, 90 66, oxygen, 9 34 
3 Cerustite Carbonate of lead This ore occurs m crystals, m fibrous, compact, 
and earthy masses It is found at several of the lead mines of Cornwall and Devon- 
shire and indeed in nearly all the mines producing the ores of lead, varying much in 
Its character with the different conditions under which it has been formed* 

This ore, in its purest state, is colourless and transparent like glass, with an adaman- 
tine lustre It may be recognised by the following characters . 

Its specific gravity is ftom 6 to 6 7 , it dissohes with more or less ease, and witn 

iff rvescence, in nitric acid, becomes immediately black by the action of sulphttrettea 

h}diogen, and melts on charcoal before the blowpipe into a button of lead 
ing to Klaproth, the carbonate of Leadhills contains 82 parts of oxide of lead, and lO 
of cirbonic acid, in 98 parts This mineral is tender, scarcely scratches cwei*^ 
and breaks easily with a waved conchoidal fVaetnre It possesses the donUe *5 
property in a very high degree , the double image being very visible on loofciog 
through the flat fkces of the prismatic crystals Its crystallbie forms tre very 
riHis, and are refemblo to the rhombohedron ^ 

4, Aay/Mite Sulphate of lead, or Fitreotif lead. This fumenl eloiely reiett1>J«* 
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bonate of lead ; bo that the external charaoten are laade^te to dlBlIofuSah the twa 
Hut the following are sufRcient. When pore» it hsa the aiaie transpartirtijr and lustre. 
It does not effervesce with nitric acid ; it is but feebly Mackvned by Miphuretted 
hydrogen ; it first decr(‘pttat(.a and then melts htd’ou the blowpipe into a transparent 
glass, which becomes milky as it coola By the eomhined aniion of heat and char- 
coal, it passes first into a red pulverulent oxide, and then into tnttallic lead. It consists, 
aroording to Klaproth, of 7i oxide of lead* 25 sulphuric 2 water, and 1 iion 
The Rpocimen was (Vom An^lesea ; tho Watuoekhead ii.ineral is tree from iron, Tim 
prf i ailing form of crystalliMtion is the rectangolar oetahedron, wh<>te anglea and 
edjies are variously modified This mineral was first n cognised in A ngh sc^a, hence 
its name. It was found in the Channel Islands at Sark mine, ar d is occasionally met 
With in tho Leatlhills and Wanlockhcad in Scmlaud, at Glemalurc in Wicklow, and 
nr Bullycoras mine, Co. Dublin, 

LendhiUUe. Sulphaio-triearbtmaieof lead, — This ore i« of a yellowish white colour, 
jii^' loing to sometimes yellow ish-green, yellow and brown. Its chemical com- 
pohition 18 — 

Sulphate of lead - 28*7 

Ckrbonate of lead - 71*0 


29*7 

5. Pj/romoiphite, VUmihafe of kwn/. — This, like all the combinations of lead with 
an acid, exhibits no metallic lustre, but a variety of colours. lk‘fore the blowpipe, 
upon charcoal, it melts into a globule externally crystalline, which by a contmuance 
of the heat, with the addition of iron and boracic acid, affords metallic lead. Its con- 
stituents are 80 oxide of lead, 18 phosphoric acid, and 1*6 hydrochloric acid, according 
to Klaproth’s analysis of the minersl (Vom Wanlockheao. The constant presence 
of chlorine in the various speoiiuens examined is a very remarkable circumstance. 
The crystalline forms are derived fiom an obtuse rhomboid. Phosphate of lead is a 
little harder than white lead } it is easily scratched, and its powder is always grey, 
fts specific gravity is 0*9. It has a vitreous lustre, somewhat adamantine. Its lamellar 
texture is not very distinct ; its fracture is wavy, and it is eaaily frangible. The phos- 
phoric and arsenic acids being, according to M. Mitscherlich, isoinorphous bodies, may 
replace each other in chemical combinations in eiery proportion, so that the phosphate 
of lead may include any proportion, fh>m the smallest fraction, of arsenic acid, to the 
smallest fraction of phosphoric acid, thus graduating indefinitely into arseniate of lead. 
The yellowish variety indicates, for the most part, the preseuec of arsenic acid. It is 
fouud in Cornwall, Devonshire, Yorkshire, and Derbyshire. 

6. ^ Afuaetife, Aneniate of lead . — The name is derived from gigiHtt, imitator^ the 
species so nearly resembling pyromorphite. The eolour of this ore varlts from straw 
yellow and wax yellow to brown, reddish-brown, orange, yellow, god red. Before 
the blowpipe, on charcoal, if emits arsenical fumes and yields a bead df lead. Tho 
analysis by Dufrenoy gives tho following as its composition: — 

Arseniate of lead 84*55 


Phosphate of lead ------- 4*50 

Chloride of lead 9*06 


At Drygill, in Cumberland, this ore has been met with in sufficient abnndance to he 
worked to some extent as an ore of lead. The mimetite fWrni this mine was used in 
the manufacture of flint glass, to which it gave great brilliancy, The form of the 
arseniate of lead, when it is crystallised, is a prism with six fiices, of nearly the same 
dimensions aa that of phosphate of lead. When pore, it is reducible upon charoosl, 
Iwfore the blowpipe, into metallic lead, with the copiooa exhalation of arsenical flimes > 
hut only in part, and leaving a ciystalline globule, when it contains any phosphate of 
lead. The arseniate of lead is tender, friable, sometimes even pnlvernlent, and of 
specific gravity 5*U4. That of Johann-Georgenstadt consists, sccording to Rote, of 
oxide of lead, 77*5* arsenic acid, 12*5 ; phosphoric acid, 7*5; and chlorine, 1*6. 

7. GakiuL Suhktde This is the moH abuffdsnt ore of lei^ t It may he 

indeed regarded as the only commsrclal ore of any value, if we except carbonates, 
which are probably formed by decomposition of galena. Its prevmlinf^ (briiui am 
the cube and a combination of the cube and octahedron j lustre metallio, opaquCf 
colour and streak lead firm. Fracture oonchoidal, but dHBenlt to obtain, owing to Uio 
roadiness with which it ^avei. The localities of galena need not be named hom, 
as the lead producing districts, of which a list will he presentlv giren, will iodndo 
them, and galena is indoded in thorn alL Thomson’s analysis of galena i^vea-* 
Fj IM iI 85*lS 


Iron - - - . 0*50 

ffnlphnr -- •••..«« 12*02 
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8. JameMmte is a coiubiuation of lead and antimony. It occurs in acicular crystals, 
nr in parallel or diverging groups, and more frequently in fibrous masses It is louiid 
in iniin> places in CoruMall and Devon, llose's analysis gives the folloviiiig as its 


ioinpobition. — 

lA'dd 38 71 

lion - -- -- -- - - 2 U6 

(’upper - - - - - - - - - 021 

Zinc -- - ------074 

Antimony - - - - - - - - 34 UO 

Suiphui - - - - - - - - - 2') GJ 


103-05 

This mineral may be regarded ab u double sulphide of lead and antimony, ai alogous 
to tlie double sulphide of coppei and iron. 

9 Cromforditc. Chloride i^flcad Jlurn-leadt or chlut o-carbonate — This ore has a 
pale yellow colour, is reducible to metallic lead by the agency of boda, and is not 
altered b> the hydrosulpliidcs. Uefore the bloa pipe it melts first into a pole yellow 
transparent globule, n ith salt of phosphorus and oxide of copper, and uianifebts the 
pieseiice of chlorine. It is fk-agile, tender, softer than carbonate of lead, and is some- 
times almost colourless, with an adamantine lustre. Spec grav. 6*06. Its constituents, 
according to Kerzclius, are, lead, 25 84 ; oxide of lead, 57 07 ; carbonate of lead, b'25, 
chloime, 8 84 , silica, l*4b , watci, 0 54, lu 100 paits. 

10 riattnerile Superoxuk of lead 

1 1 . Lmnt lU . Cupreous sidphatt oj It ad 

12. Suianuite, Sulphato-it teat Inmate of had, 

n. LanatkiU, Sulp/ut to carbonate oJ lead 

14 Cult t dotiite. Cupreous sulphato uirbonaU of had, 

1 5 Vattadtmie, Vanadiate oj lead, 

1 6 Wulfemte, Tungstate of lead, 

1 7 Stomte Molybdate oJ lead, 

1 8. Geocronite, Sulphide of lead and anltmong, 

1 9 MendiptiCy an Otychlot ide of lead, 

20. Matlot kite^ ditto, 

21. Jitd lead, or Chromate oJ /ead.— Thisimneial is loo laie to uqiiire consideration 
in the present Moik. 

22. JHomb Vawjuehnite Chromate of lead and roppei , 

'riic ores of lead, which may be represented by galena, or the sulphide of lead, 
that being the tiuly commercial variety, aie found in locks of difierent ages from the 
gi unite and clay slates to the triable fonnatioiib. In the Devonian slate rocks, m 
the neighbourhood of Liskiard in Cornwall ate many most productive lead mines, 
'I'o the north of Truro is the lead mine Huel Rose, whivh has from its long celebrity 
gi\en its name to the district; and again to the south of Ilelstone there have been 
b iiue valuable workings for lead These formations of lead ore have all been in the 
I lay blate, ** killas ” rocks of Cornwall In Devonshire many most valuable lead 
mines have been worked in similai rocks. In these the celebrated mines of Beer 
Alston on the Tamar exist With a very few exceptions but little lead has been 
discovered in the black slates, — the carboniferous aeries of Devonshire. Some lead 
ore has, howcw, been discovered m tbe new red sandstone and in the slate rocks im- 
mediately Jiing them near New ton St. C>res. To the north of the carboniferous 
rocks of Vl^onshire we have a renewal of clay slate rocks, similar in all respects to 
those which are found near Liskeard in Cornwall; in these rocks are the once 
famous ar^Btiflsrout lead mines of Combe Mortm, from which Edward the Black 
Prince derived an immense re>enne. 

The lead mines of tbe Meodip Hills which were at one time very prodhetive, but 
which are now producing but small quantities of lead ore, are in the mountaia lime* 
stone formations. Those of Cardiganshire are found in clay-slates and gritstones* 
correspondent with or underlying £e lowest beds described by Sir R. Mnvehison in 
his Silurian System. — Smyth, 

In Shropshire we have lead ore ocourring in the original Silurian rocks* the Unndnilo 
formation. “ In that lofty and rugged district of Shropshire which lies around the 
village of Shelve and the Corodon mountains, and which extends west of the Stiiier 
Stones r^ge into Montgomeryshire*’ iMurihison), lead lodso am abnttdnot* In 
Derbyshire, in Yorkshire, in CumberUmd* Nditbumberland, and Dnrhnm, the l^ 
luinPB prove the most productive in themonntain limestone formations, nlthoogh there 
arc tome instances in which good lead mines haie been worked In the eendstones aw 
shales. In addition to these, wc haie the mines in tho Leadhills and at 
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head conaibting obu fly of the gra} vaoke slates, to Bcodoid T ugnnure, &c. in the 
gi null, distiicts of \\ icklovr, Ni wtonards id rouut} ]>owtIi with a few otberb lu 
lul ind, and the It ad mitub in the Siitinan rot*kb * t (bo Isle oi \1 lu l^ese are the 
trinupil distiKib fioin which our huge btipphis 1 1 it ad ort art oI (iiined 

'iht. extiiisivi kai' mines of Mr Ihnumont, wh th have for mu v ,\tart produced 
about one fouith ol ilu quantit} riii*« d ill EngUud, u loul n*ie-8iKth )f tin piodute (»f 
lti( It Ihitain, iiud ibout one-Utitli of that of the vlult of f n om* including the 
Hniisli Islts irt. Ml impoitant* ind in many rcaptttb t rlnruitiiMt that ninth ot 
th disciijitiun of them which appt iicd in thi to'iii i tdi um is i «uud as rtpu- 
icDting mutiy of tit pccuba** nu *inportant featiius tp Ita i lu >i An txUiibitc 
^Liti not (hl^ grtat I ad mining distnct is m the \tiiim lUtoi i Oflut of iht Miibiuiii 
} 1*1 actual Cvt It)^) 1 his bictioii wab cxcctittd h> M ^opwith a id together with 

t Htries ol mode lb xplatns ntaily all the phtnomi 1 1 n mti il m iiib 

llii (1 itinn or boM Imt of the Alknhtadk btttion i kt t iil t \e the Itvtl of the 
Jilt iMwing lOt kit m longlli, oil a till stilt rf It o ki t to an inch , by a 
lit t tl bt iiq lueaiit ihiit the lengths and hi) >1 th an piojceted to the stale oi pio> 

I niitin bu tliat u true tumiaturc profile of th< e uuri\ is gniti, ob well is a coneet 

I I due turn of the relative siae ol the various roe ks J he t xtciit ol eoiintty thus show u 
M not quite 1 mil s being 3 miles 1,1120 yaids 

I hi spectator is supposed to lie ItKikmg to the noith, and the set tit n eommlnee^at a 
point almuthill a ml t ist^iuid lioiii a place calltd Kilhope lliud, whuh )s con- 
spicuously marked in ill I ngli&h maps, inasmuch as the three counties ol Northumber> 
land, J>ui ham, and (bimlu i land here meet in one spot At about three tpiarti rs of a 
mile from tht point d eoiumcnetment, the section represents the hill culled Kilhopc 
Law , It lb on the boundary line ol the counties of Northumbe Hand and Dui ham, and is 
the highest point of lind in the list-iunicd count}, being 22U6 fett alioec the level of 
the sea. ilut out of the liniits of this section, and about 10 mileb boiith-wcst fioin Kil- 
hopcLaw, the same strata whieh ire heit delineated reach an altitude of 2201 feet 'ibove 
the sea, and this is the Inglubt ckv ition attained by the rocks which form the car- 
(Kimfcrous or mountain liinebtone of the north of Imgland 

Such lieing the stratihcation ot the central portion ol the narrow part of tht ibland, 
of which the* coal fields of the P} tie and Wear iurin the e xti i mity on the t ast bt i k i mg 
the German Ocean, lor some distance iioith and stnith of Newcustk, while a b iiiilar 
loil field is found at the weitciii cxttcmit> nearWhitehaecn, itmiybt obseivedwi'h 
icfcreiice to these coal fields, that the} lie t>\ei or upon the mountain lime stone fotiiia- 
tion The coal beds so cxteiisncl} worked in the New castle and Dm ham coal mines 
or collicricb gradually iibctothe vest, and one by one crop out oi habset ncrordingto 
the undulutiODS of the ctiuutr} At length at about 20 miles west of the Geriiian bea, 
the lowest of the coal beds crops out, and from beneath it gtadually appeal the limestone 
strata, which continue to rise nearl} coincident with the meral rise of the country , 
until they reach the summit of Cross Fell (2901 feet^ This general and very gfa 
dual iDclinatioo of the strata, a katuie of the greatest importance in practical mining, 
18 clearly and accurately delim K d lu this section. 

In a thickness of about 2000 feet of the alternating beds of sandstone, clay, and 
limestone which form the strata of the mining districts of Allendale, Alaton, and 
Wcardale, there is one single stratum of limestone, called the '* great limestone/* the 
xeins in which have produced nearly, if not quite, os much ore as all the other strata 
put together. This stratum, delineated on the section, lies at a depth of about 850 
feet below the summit of Kilhope Law. Somewhat exceeding 2 miles eastward of 
this, at AUenheada, the top of the great limestone is 230 feet fiom the top of a shaft 
called Gin- Hill Shaft lu thickness, which u tolerably uniform over several hundred 
square miles of country, is atout 60 feet ; and it u in this stratum of limestone that 
the largcft quantity of llud haa been fonnA 

The dislocationa of strata which constitute (hr the meet part important mioend 
veins, are exhibited more m detail m the aeries of geological models already re* 
ftrred to. 

At about a quarter of a mile to the west of, or left hand direetion from Kilhope 
Law, the great limeatone, and all other associated beds are thrown down n depth of 
about 150 feet fbr a space of nearly 700 feet s and again, at the ^stance of nearly a 
mile ftom AUenheads, a vast dislocaUon takes place, by which the great Umestono 
IB brought nearly to the surftioe, the amount of displacement being about 4U0 fhet* 
It 18 m the great luneitoae that by fhr the most extensive portion of tho work* 
toga of AUenheada lead mines are aituated, and the galleriea or levels sva vary 
extensive. In a great thicknsas of airata above the great UmesUme, only two hedi 
of that rock are fbnnd. Oneof these iscalled ** httle limestone.** It is ftomlOto 
12 feet thidc, and is 75 feet ahovo the top of the great limestone. The olhcf la sUU 
nm ineoorflanblf, being only 3 or 4 ftet thick, and is 440lBSt nbove (ho gnat 
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limeitime. It is remarkable with what cxactneM this thin bed is found near the 
summit of hills, the intervening spaces having apparently been removed by denu- 
dation, so as to form in one case a gap of miles, and in another of miles, in 
which the Tell Top limestone is entirely cut off. 

But beneath the great limetone, are several beds of the same description of rock, 
vis. at distances respectively of 30, 106, 190, 250, and 287 feet, and the thickness 2. 24, 
10, 15, and 85 feet. These are known by descriptive local names, and comprise all 
that are of significance as reppirds lead mining operations. 

The Allciiheads mines being situated for the most part at depths iVom the surface 
varying from 200 to GOO feet are drained, partly by ordinary waterwheels, and partly 
by h}draulic engines constructed by Mr., now Sir W. G. Armstrong. See Water 
Pressure Engines. 

Sudh is a general view of the lead mining districts of England. The following 
brief account of foreign lead mines is retained from the last edition. Much additional 
inforinatlou will be found in the article Mines. 

The principal lead riiiiies at present worked in other parts of the world are the 
following 1. Poullaoucn and lluclgoet, near Carhair in France, department 
Finisterrc, being veins of galena, which traverse a-clay slate resting on granite. They 
have l)ecn known for upwards of three centuries $ the workings penetrate to a 
depth of upwards of 300 yards, and in 1816, furnish^ 600 tons of lead per annum, 
out of which 1031 pounds avoidupois of silver were extracted. 2. At Villefort and 
Viallay, di‘partment of Losere, are galena mines said to produce 100 tons of lead 
per annum, 400 kilogrammes of silver (880 lbs. avoird.). 3. At Peaey and Macot, to 
the east of Moutiers in Savoy, a galena mine exists in talc-schist, which has produced 
annually 200 fbns of lead, and about GOO kilogrammes of silver (1230 lbs. avoird.> 
4. The mine of Vedrin near Namur in the Low Countries, is opened upon a vein of 
gafena, traversing compact limestone of a transition district ; it has furnished 200 
tons of lead, from w'hieh 385 pounds avoirdupois of silver were extracted. 5. In 
Saxony the galena mines are so rich in silver as to make the lead almost overlooked. 
They are enumerated under silver ores. 6. The load mines of the Hurz have been 
likewise considered as silver ones. 7. Those of Bley berg in the Fife), are in 4h6 
same predioanicnt 8. The galena mines of Bleyberg and Villach in Carinthia, in 
compact limestone. 9. In Bohemia to the soutli-w'cst of Prague. 10. Mines of 
Joacliinisthal and Bleistadton the southern slope Of the Erzgebirge, produce argenti- 
ferous galena. 11. There are numerous lead minea in Spain, the most immrtant 
being in the granite hills of LinaiH^B, upon the southern slope of the Sierra Morena, 
and in the district of the small town of Caigagar. Sometimes enormous xuasses of 
galena arc extracted fttim the mines of Innards. There are also mines of galena in 
Catalonia, Grenada, Murcia,* and Alidtiro, the ore of the last locality being generally 
poor in silver. 18, The load mines of Sweden arc very argentiferous, and worked 
chiedy with a view to the silver. 13. The lead mines of Oaouria are numerous and 
rich, lying in a transition limestone, which rests on primitive rocks ; their lead is 
neglected on account of the silver. 

There have been a few lead mines in this country, which have been equally pro- 
ductive of silver. This was especially the case with the lead mines which were 
formerly worked around Combe Martin, and those at Beer-Alston in Devonshire, 
ttee of the most remarkable of recent examples, U a small mine known as Hu^L 
Florence near Tavistock, from which some lead oje has been sold at upwards of 901. 
a ton, on aca|[tet of the large quantity of silver it contained. At the conclusion 
this article tables will be given, showing the argentiferous character of the dif- 
ferent lead producing districts of the tfnited Kingdom. * 

Before proceeding to the consideration of the metallnrgy of lead, a frw brief Rotloes 
of the history of lead mining may not be out of place. 

As we have already stated, mining for lead must have been one of the earliest of 
man’s subterranean labours, and at all periods of history we learn that lead mines 
hare been worked. The Romans, eepecially, worked lead mines in Spain, and, afttf 
the conquest of this country, in many of our lead producing districts, e^eoialiy in 
Cardiganshire, Shropshire, and Flintshire. 

Lead mining appears to have been carried on from a twy early period Id Alston 
Mo<)r, and some other of the northern districts. Bat in the west of England, lew 
mining must be regarded as a somewhat recent industry. ' 

^ ** Borlase mentions, in 1768, that lead mines had ancbatly and lately been woriod 
in Cornwall, and ihai those most noted formerly,' were Penrose, Penwertar, Trovnijo^ 
j^lestian, and Gnamek (Garras). He states, that Penrose mines (near Helsloae) htq 
been wrought tor about 900 years, that is, from about the middle of ilp iiRteenft 
century, and that they had yielded tolerable profit within thirty yeai* 
lead mine worthy of note at work in his time, was at St tisy, near MitOW* wyOO 
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dcicribcs the lead ore of Gama, near Traro, to have been ao argenfHhMi. Uut when 
wrought about 1720, it produced lOOoz, of ailrer m tha lonof lettii. Huel Pool, 
near Uulatone, about 1720, yielded from 40 to 50 oz. of tiller wr t(Ni load, and 
works were erected for extracting the silver. Tlve lead ori of Wheal Roaa eontaiiod 
60 ox. of silver per ton. 

To Devonshire, the Combe Marlin and Dear Abion minea, have long been oele* 
brated for their argentiferoua lead ores. It ia itated, that tha prodvrv of thaia ndhea 
was unusually great in the reigns of Edward I. aud Fdwaid II. lii 129^ William 
de Wymundham accounted at the Treasury for 270 lbs ofjilver misad in Davon. 
In 1294, it amounted to 621/. 10# weight | and in 12944 to 7<H/. 3« IJ. weight. In 
12UG, great prerflt is stated to have been dcrivad from the Devon mines ( and 360 
minirs were impressed out of Dcrbyshiro and Wales to work in them, in 1860, a writ 
was issued, anthorising certain persons to take up aa many minera and workmen m 
should be necessary to work in the king’a minea in De\ on, allowing them reasonable 
wnges accord log to the enstom of the country ; to arrest and imprison such aa should 
It hist, till tbi^ should give security to serve the king in the said mines, and to buy 
aud provide timber at a comiietent price. 

Henry, bishop of Winchester and cardinal of England, as one of the exeentors of 
John, duke of Bedford, who had a grant from the king of the gold and silver mines 
of Devon and Curiiwall, iu‘ndered 26 Ihs. and 2 os. weight of pure silver as the 15th 
part of the pure silver r.iised in those ceuntics from 16th December, 2lBt, to 16th 
August, 23rd of the same king's reign. 

The Combe Martin mines were re- 0 [iencd in the reign of Elizabeth. The working 
of these mines was strongly recommended to the Long Parliament in 1 G 60 { but 
L^sons observes that they do not appear to have been again worked until the close of 
that century, and then without success. In 1813 they were again opened and worked 
for 4 years, producing only 2U8 ions of ore in that time. In 1837 the} were again 
worked, and we had an oppuitnnity of observing that the previous mining operationa 
preheiited every appearance of having formerly been very unskilfully managed. The 
two lodes near Beer- Alston have produced large quantities of argentiferous galena, 
often containing from 80 to 120 os. of silver per ton of lead. According to Mr. 
llitchin^s, the greatest quantit} which occurred in that part of them named the South 
Ilooc mine was 140 os. of silver p<r ton of lead. In 1784 and 1785 die silver pro- 
duce of these mines amounted to 6.500 os. From Iftiel Betsy, near Tavistock, which 
was re<opi>ned in 180b, iVom 300 to 400 tons of lead, and from 4000 to 6000 os. of 
silver were annually obtained. Lead mines were worked at a very early period in the 
Isle of Man, but the recent aorkinga onl} date from the cpmmencelhent of ^e present 
century, llie mines of (Cardiganshire wore evidently worked by the limans. In 
the reigna of Henry VII. and of Elizabeth they attracted much attention, and Cknnan 
miners were invited to work them. 

The Euglisb lead-miners disUiiguish three difTerent kinds of deposits of lead ore { 
rffU-teinSf ptpe^veiiut^ The English word vein corresponds to the 

French term Js/or; but ininers make use of it indifferenUy in England and France, to 
indicate all the deposits of this ore, adding an epithet to distinguish the different forms \ 
thus, rake^veint are true veins in the geological acceptation of the word vein \ pipe^ 
remsaro maasoB usnally very narrow, and of oblong shape, moat fret^uently parallel to 
the plane of the rocky strata; and,/fat-vefR« are small beds of ores Interpol in tho 
middle of these atrajta. 

In the north of England, which, on account of ita great preponderance in produce, 
we take as the basid of our description of lead mining, the ores are ibr the most part 
found in veins {lodes in Cornish) and flats. Although different names have been as- 
signed to occasional varieties, the usual occurrence of lead ore ii in rake veins, or 
direct running veins, usually named as rsms, with some distinctive appellation pre- 
fixed, as, fbr example, Kampgill Vein, Hodgillbum Vein. Other veins, lying parallel, 
receive a similar prefix, with the addition of the words north, east, or south ; but for 
the last named the word sur is often need; as, for instance, Hudgillbum Sun Vein, 
and 2nd and 3rd Sun Vein if ftirtbcr diteoveriet are made of other parallel veins. 
OofisideraUe quantities of ore are also raised from horizontal estensions of portions 
of the vein calied^o/t, and these are interposed between the strata a^facent to ue vein. 

Huke veins are the most common Ibnn in which lesd ore oeenrs in Cntnberland. 
They are in general narrower in the ssndstone wbieh coveva the limestone, than in the 
calcareous beds. A thickness of less thsn a foot in the (brmer becomes suddenly 8 or 
4 feet in the latter ; in the rich vein of Hudgillhnrn, the thieknecs is 17 fOet In the 
Great UmesUms, while it does not exceed 3 feet in the overlying IFatsrsi// or sandstone. 
This influence qtatcised on the veins by the nstore of the enclosing foek, is instrne- 
tive ; it determines at'the same time almost nnifbrmly their richness in tend ora, an 
observation similar to what has.been made in other conntries, especially in tha vdns 
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of Kongfberg in Norway. The Cumberland veini are constantly richer, the mm 
powerful they are, in the poniona which traverse the calcareous rocks, than in the beds 
of sandstone, and more particnlarly^ the schistose n)cks. It is rare in the rock called 
plate (a solid slaty clav) for the vein to include any ore ; it is commonly filled with a 
species of potter's earth. The upper calcareous beds are also in general more prodne- 
live than the lower ones. In most of these mines, the veins were not worked till 
lately below the fifth calcareous bed (the four-fathom limestone), which is 307 yards 
^neath the millstone-grit \ and as the first limestone stratum is 108 yards beneath 
it, it follows that the thickness of the part of the ground where the vems are rich in 
le^ does not in general exceed 200 yards. It appears however that veins have heen 
mined in the neighbourhood of Alston Moor, downwards to the eleventh calcareous 
stiatuni, or Tyne bottom limestone, which is 418 yards under the millstone-gi it of the 
coal formation, immediately above the whin-sill ; and that they have been followed 
above the first limestone stratum, as high as the grindstone sill, which is only 83 }ard8 
below the same stratum of millstone grit; so that in the total thickness of the plunibi- 
feroiis formation is there more than 336 yards. It has been asserted that lead veins 
have been traced even further down, into the Memetby scar limestone ; but they have 
not been mined. 

The greatest enrichment of a vein takes place commonly in the points where its 
two sides, being not far asunder, belong to the same rock ; and its impoverishment 
occurs when one side is calcareous and the other a schistose clay. The minerals which 
most frequently accompany the galena, are carbonate of lime, finale of lime, sulphate 
of baryta, quart/, and pyrites. 

The pipe veins (amae in French), aro seldom of great length ; but some have a 
considerable width; their composition being somewhat similar to that of the rake veins. 
They meet commonly in the noighbourht^ of the two systems, sometimes being in 
evident communication together ; they are occasionally barren ; but when a wide pipe- 
vein is metallifiirous, it is said to be very productive. 

The^at neias, or strata veine, seem to be nothing else than expansions of the matter 
of the vein between the planes of the strata ; and contain the same ores as the veins 
in their vicinity. When they are metalliferous, they are worked along with the ad* 
jacent rake vein ; and are pr^uctive to only a certain distance firom that vein, unless 
they get enriched by crossing a rake vein. Some examples have been adduced of ad* 
vantageous workinga in Jtai veine in the yreat limestone of Camberland, parBcnlarly in 
the mines of Coalcleugh and Ncnthead. The rabe veins, however, fhrnish the greater 
part of the lead which Cumberland and the adjacent counties send eveiy year into 
the market 

The metalliferons limestone occupies, m Derbyshire, a length of about 25 miles from 
north-west to south-east, under a very variable breadth, which towards the south 
amounts to 25 miles. Castleton to the north, Buxton to the north-west, and Matlock 
to the south-east, lie nearly upon its limits. It is surrounded on almost all sides by 
the millstone grit which covers it, and which is, in its turn, covered by the coal strata. 
The nature of the rocks beneath the limestone is not known. In t'omberland the 
metalliferous limestone includes a bed of trap, designated under the name of whinsilL 
In Derbyshire the trap la much more abundant, and it is thrice interposed between the 
limestone. These two rocks constitute of themselves the whole mineral mass, through 
a thickness of about 550 yards, measuring th>m the millstone grit ; only in the 
portion, that is near the millstone grit, there is a pretty considerable thickness of 
argilio-ca^iilpiii schists. 

Four gUt pudies or beds of limestone are distinguishable, which alternate with 
three masses of trap, called loadstone. The lead veins exist in the calcareous strata, 
but disappear at the limits of the toadstone. It has, however, been ascertained that 
they reenr in the limestone underneath. See Mines and Miniko. 


Mvtalluuot of Lead. 

Although lead forms an essential element in a large number of mineral^ the ores ^ 
this metal are, strictly speaking, &r from nnmerons. Of these the most important i 
snlphide of lead, or galena. This mineral, which possesses a 
has a lighter colour than motalUc lead* presents, in its cleavage, nil the vanwons 
from large ikeettes and lamins indicating a cubic crystallisation* to a inort 
granul&r stmetnre. It is extremely brittle, and its powder presents a bniunnt weea- 

l^^pec^o gravity of galena w 7*^ to ^*8* composition, when ahnolntoJf 

pure, is i — 

Lead 8649 

Sulphur •• • • * • « • 1349 


10000 
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Galena is, howe^ert but seldom found ehemicalh pure, •% in additiuQ to variable 

J uantities of earthy impuiities, it almost always ooutanie aberudo amoiwt of lilvir. 
t is usually observed that galena piesesting far^ iktettoi li liss urgenti^tf^ than 
those vanetits having a closir gram and that Andy granular attily speeimeni gene- 
rally afioid the largest amount oi siUei 

It would appear, Arom recent experiments, that the silver eontaiiied in the Anely- 
granular varieties of galena often ot'curs m the form of anlplnde of silver, medhantewy 
intermixed, whilst ui tlie more flak) deMripUons of this ore, the Sulphidea of lead 
and silver are Lhcniically combined 

Gukna occuis in beds and veins, in granite, gneiss, clay-slatis limistont, and sand- 

i>t<»iic r<kckB 

In Spam it \s found in the gi i itt hills of Lanui^i amd <ls(whet<«, at Freiberg in 
Sixony It oceiipies xuus m gneiss, in the Hars, Botiemia, ( urn all, snd many oSier 
loohiies, it IS round in kiilas, oi (.lay slate The iiili U( posits oi Doibyshire, Otun* 
berland, and the northern distiicta of Fngland, aie in t«i mount mi limestone, whilst 
it (^>mn 1 (lll, near Aix U Chapelle, large qnantitRS ot ihin ur^ arc found disseminated 
lu II Uuntei <<dnd8tonc 

I lilt mineral is frtiiucutly associated with bh mk iron and coppti p> rites, the car- 
>»>nate and other ores of lead, and usually oecuis lu a gangue of sulpliate of baryta, 
(all -spar spathose iron, or quaita It is also not unfrequtntly associated with fioor- 

spal 

'llic next niOKt irupntint or< of lead is the carbonate , vihioh is a brittle mineral, of 
I dilute or greyish > h tc colom, basing u spicifu giuvity varying from b 46 to 6 60. 

I IB compusiiion ib, — 

Oirbonii um - - • - * - 16 0^ 

Oxide of lead -------83 56 


99 61 

laitgc quantities of this substance occur m the mines of the Mississippi Valley m 
the United States of Aiuerua, ulmie the) were formerly tbiowo avay as useless, but 
have since been collected and smelted Vabt depoMts of this substaoic have also been 
found m the Hunter sandstone, near Duren, in Ih'iisbia, and at rre)ung, in Bavaria. 
In the two latter loidlities it appears to form the cement holding together the granules 
of quarts, of which tlie baudbtono principally consists "J hese uies, which yield from 
14 to 20 pir cent of metal, do not readily ^mit of being concentrated by washing 

1 he sulphate of lead does not often occur in suffluent quantities to be employed as 
an ore of that meUl In appearance it is not unlike the caibonate, but may readily 
be distinguished from it by its not dissolving with eflei v«.Bcence in nitric acid. 

Its speciflc grai ity is from 6 2d to 6 JO, and its composition — 

Sulpbtine acid - - - - • - - 25 06 

Oxide of lead 74 06 


99 70 


This ore of lead usually results firom the oxidation of galena. At 8t Martin's, 
near the Vega de Bibaddeo, in Spain, this mineral, more or less mixed with the 
phosphate of lead, is found in sufficient quantities to be made, on a s m a l l scale, the 
sulgect of an especial roetallurgic treatment Lai^ ouantities of sulphate of lead ores 
are also annually imported into this country flrom ue mines in Australia. These 
ores contain on an aversge 36 per cent of lead, and 36 os. of silver to the ton of ore. 


together with a little gold. 




prisms, of a bnght-green, brown, or yellowish colour. Its specific myity varies 
6 6 to 7 1. This mineral is oompoiM of a mixture of true phos^ate of lead, phos- 
phate of lime, chloride of lead, and fluoride of calcium, and usually contains about 
7H per cent, of oxide of lead In Spam, it occurs in botryoidal forms, in connection 


The other minefils containing lead seldom oeoar in snffielent quantities to ba of 
much importance to the smelter, and may therefore be disregarded in tbe present artiele. 
The exttaetion and meehanieal preparation of ores is the business of the miner, 
and not of tbe metallurgist who receives them from the former foeed as perfoctly as 
possible ftom foreign matters. . j ^ ^ * 

The metaUunio processes, by the aid of which M la o^ned^m galm, nmy 
be divided into two eiassea. TheflfCt of these is founded on the foBowing reaedons • 
If one equivaknt of snlphidd ^ lead and two equivalenu of the oxide of the saiae 
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metal arc fused together, the result is three equlTalcnts of mctallio lead and one 
equivalent of sulphurous acid, which is evolved. 

This reaction is represented by the following equation 
PbS + 2PbO=3Pb + SO>. 

When, on the other hand, one equivalent of sulphide of lead, and one equivalent of 
sulphate of lead are similarly treated, two equivalents of lead arc obtained, and two 
equivalents of sulphurous acid gas evolved. Thus: — 

PbS + PbO,SO>- 2Pb + 2SO*. 

The process, founded on the foregoing reactions, and which we will disHnguish as 
tiia method by double decompneiUont consists in roasting the galena in a reverberatory 
furnace until a certain amount of oxide and sulphate has been formed, and subse- 
quently, after having intimately mixed the charge, and closed the doors of the furnace, 
causing the whole to enter into a state of fusion. 

During this second stage of the operation, the reaction between the sulphides, sul- 
phates, and oxides takes place, and metallic lead is eliminated. The roasting of the 
ore is, in some cases, conduct^ in the same fhmace in which the fusion is effected, 
whilst in others two separate furnaces arc employed. 

The process by doable decomposition is best adapted for the richer varieties of ore, 
and such as are least contaminated by siliceous or earthy impurities, and is con- 
sequently that which is almost universally employed for smelting the ores of this 
country. 

By the second method which we will cell the jiroceta by affinity, the ore is fused 
with a mixture of metallic iron, which by combining with the sulphur liberates the 
metallic lead. This reaction will be understood by reference to tho following for- 
mula: — 

PbS + Fe-Pb + FeS. 

In practice, however, metallic iron is not always employed for this purpose ; cast- 
iron is also frequently used, and in some instances the ores of iron and hammer slags 
are substituted, as are also tap-cinder and other secondary products containing a con- 
siderable percentage of this metal. None of these substances are, however, found to 
be so eA^inoi as metallic iron, since cast-iron requires to be decarbiirised before it 
can Kadily decompose the sulpliide of lead, and the ores of iron require the intro- 
duction of various fluxes, and the consequent expenditure of an additional amount of 
fuel. In all cases, however, it is judicious to subject the ore to a preliminary roasting, 
in order to eliminate a portion of the sulphur, and thereby reduce the expenditure of 
iron, as well as to agglutinate the ore and render it better adapted for its subsequent 
treatment in the blast furnace. 

We will not attempt to describe the different forms given to roasting furnaces em- 
ployed for the ores treated by this process, but would remark that they frequently 
resemble the kilns used for the preparation of lime, whilst in some instances the ores 
are roasted in heaps interitratified with wood or other fuel. 

The method of treating ore by qfinUy is particularly adapted to those varieties that 
contain a considerable amount of silica, since such minerals, if treated by double de- 
composition, would, by the formation of oxide of lead, give rise to silicutes, from 
which it would be exceedingly difficult to extract the metal. 

EnylUknroceaa, Treatment by double dedompoeition, — Galena, if placed in a 
close l|Pll which protects it flrom the action of the air, and exposed to a gra- 
dually incasing temperature, becomes fused without the elimination of any leM 
taking place, but ultimately a portion of the sulphur is driven off, and a subsulphide 
is formed, which at a very elevated temperature is volatilised without chauge* 

If, however, the vessel be uncovered, and the air allowed to act on its contents, 
oxygen combines with the sulphur, sulphurous acid is evolved, and the desulphuratton 
of the mineral is slowly effected. ^ . 

.When galena is spread on the hearth of a reverberatory fnmaoe, and is so puera 
as to present the largest possible amount of sur&oe to oxidising influences, ft will M 
found that the surfiiw slowly becomes covered with a yellowish- white crust of solphsw 
of lead. The oxygen of the air, by combining wita the two- elementary bodies o> 
which galena is composed, will evidently produce this effect This is not, however, 
the only chemical change which tidies place in the ebarge under these cireumst^oes ; 
oxide of lead is prodneed at the same time as the sulphate, or rather the Ibnaatiou 
the oxide is prior to that of the sulphate. . 

In fket during the first stage of the operatiqo of roasting^ snlphurpos aw^ ” 
OTolved^the 8ul|mar quits the lead, and a juprtion of tet nuitai wnNduilaaW 
State. This becomes oxidised by the ahr poffilng through the ftMmaoe,iliJ 
quently a part of it combines with sulphuric ucii^ fbrmed^ the oa ide thm of w P"* 
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roDi acidf and sulphate of lead is the result. In this wuy. ifter the aspirathm of a 
curtain period, both oxide and sulphate of lead are present fn the Ihraaatk 

During the early period of the roasting, when the tempeialare of the Jhfaaoe is not 
very elevated, the proportion of sulphate k larger than that of the oaids Ibmied, hut 
in proportion as the heat of the apparatus Increasei, the prodaotion of oalde hsoomes 
more considerable, whilst that of the sulphaiu dmunishea 

The sulphate und oxide thus formed redact In th^'ir turg on tbr aadecoaipoeed 
galena, whilst a poition of the latter, by oombiniug with tho sulphide of Icidi gives 
rise to the formation of oxysulphidi. 

This last compound has no action on galena, except to dissolve it in certain pro- 
portions, but IS readily decomposed by the aid of varbonaoeutis mattet. 

It is therefore evident that ibe iiddition carbon, at ibis stage of the operation, 
will ha%c the cilect of reducing the oxidt^ and oxysuljdiide of hud 

Kvery process then that baa for its object the reUiictiou of lead ores by double 
decomposition, comprises two principal operationa Is). The n^diiotlon of guena, by 
tlif aid of heat and ritmosphorlc nlr, to a naxture o( sulphide, oxide, and sulphate, 
\>liieh routuriily liocouipuse each other, with ttu elimination ot metallic lead* 2nd. 
'Die riduction of the ox} sulphide by the addition of curbonaoeous matter. 

The reverberatory Jumace. — The revei lerahiry furnace employed for tho 
treatment of galena is composed, like ull other furnaces of ibis description, of three 
distinct parts, the flre-placc. the hearth, and the chimney. 

The health has to u ctrtain extent the form of ii funnel, of which the lowest point 
is on the front side ol the furnace iniincdiately liclow the middle door. The molten 
metal descending f^oin csciy side along the inclined bottom or sole, is collected in 
this receptacle, and is ultimately run off by means of a proper tap hole. This tap- 
hole is, din ing the o{>cration, closed by a |iellet of clay. 

The inclination of the hearth is more rapid in the vicinity of the fire-bridge than 
towards the chimney, in order that the liquid metal may not be too long exposed to 
the oxidising and volatilising mfiucnces of a current of strongly-heated air. 

The dimensions given to these furnaces, as well os the weight of the charge 
operated on at one time, vary considerably in different localities, hut in the nor^ of 
England the following measurements are usually employed The fire-grate ia o ft. 
din. X 1 ft. loin., and the thickness of the fire-bridge 1 ft. G in,} the length of the 
sole is 9 ft., and ita average width 7 ft The depth of the tan is about 2 ft 6 in. below 
the top of the Inclined sole. The height of tho roof at the fire-end may be 1 ft, 4 in., 
and at the other extremity 1 1 inches. 

The introduction of the charge is in some cases effected by the doors of the furnace, 
whilst in other instances a hopper, placed over the centre of the arch, is made use of. 

On the two sides of the rarnace are placed three doors about 11 in. x 9 in., 
which are distinguished as 1, 2 and 3, counting from the fire-bridge end. The three 
doors on the one side are known as the ftwnt-doors, whilst those on the other side are 
called the back-doors. Immediately beneath the door on the front side of the fiimace 
is situated the iron pan into which the molten lead is tapped off. 

The bottom of this arrangoniunt is in most cases composed of flre-bricks, covered 
by a la) er of vitrified slags, nl greater or less thickness. In order to form this bottom, 
the slags are introduced into the furnace, the doors closed, and the damper raised. 
An elevated temperature is thus quickly obtained, and as soon aa the scoria have 
become sufficiently fused, they are, by meani of rakes and paddleo, made to aasumo 
the required fonn. The charge employed, as befbre stated, varies in almost every 
establishment. In the North, however, smaller charges are need than moat other- 
localities. At Newcastle, and in the neighbourhood, the charge varies from 12 to 14 
owt. ; in Wades, and near Bristol. 21 cwt. charges are treated *, whilst in Cornwall, 
charges of 30 cwt are not unfrequently worked. The time required fbr ameltiog n 
charge varies with its weight and the nature of the ores, from 6 to 24 hours. 

In some eases the ore is introduced raw into the fiimace, whilst in others it under- 
goes a preriroinary roasting previous to its introduction. Rich ores are generally 
smelted without being first calcined, but tbe poorer varieties, and parthmlariy those 
which contain large ouantities of iron pyrites, are, in most iostsnees, snljeeted to 
roasting in a ^parate niroaee. 

Id order to understand more clearly the operation of smelting in fhmaees of thkl 
description, we will suppose that a charge has just been tapped ol^ and tliat, aftar 
thoroughly clearing the hearth, a fresh charge of raw ores has been introduoed. Dn^ 
ring the first part of the operation of roasting, which usually oeenpies about two 
hours, the doors are taken m to admit fipee access of air, and also for the purpose of 
cooling the fismuee, which hat been strongly heated at the close of the pfueeding 
operation. No fiml is at this period ehari^ upon tbe grate, since the heat of tho 
fitrnaeo is of Itself snffieient to effimt the elimination of the fint portiona of lulphar* 
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The ore fs careAilly itirrtd, for the purpose of coDstantly prcsentiug a Areih surfkce 
to oxidising influences, and when white fumes are no longer observed to pass off in 
largo quantities, a little coal may be thrown on the grate, and the temperature gradu- 
al!) elevated until the charge becomes slightly clammy and adheres to the take. 
When the roasting is considered ns being sufficiently advanced, the smelter turns his 
attention to the state of the fire, taking care to remove the clinkers and get the grate 
into proper condition for the reception of a fresh supply of fuel. The furnace doors 
are now closed, and a strong heat is kept up for about a quarter of an hour, when the 
smelti r examines the condition of his charge by removing one of the doors. If the 
operation is progressing satisfactoi il) , and the lead flowing fitely and passing without 
obstruction into the tap, the flung is contiiqied a little iougei , but when tht ores 
have been found to have taken fiie, or are lying unevenly on the bottom of the fur- 
nace, the posifion of the charge is changed by the use of an non paddle During 
this operation the furnace becomes partially cooled, and the reduction of temperatuie 
thus obtained is fiequently found to produce decompositions, which facilitate the re- 
duction of the charge In the case ot extremely lefractory on s this alternate heating 
and cooling of the furnace is sometimes almost indispensable, whilst, in other in- 
stances, tht 11 being once or twice raked over is all the manipulation that is required 

We Will suppose that four hours have now elapsed since the charging of the fUr- 
naco, and that the chaigc has run down the inclined sole towards the tap. Ihc 
smelter now examines the condition of the sconm and adds a couple of ahovelfuls of 
Hme and three or fout shovelfuls of small coals, the amount and lelative proportions 
of Ihese being regulated m accordance with the aspect of the slags The charge is 
now, by means of proper tools, again raised to the breast of the furnace, and the firing 
continued until the charge has run down into the tap hole. The foieman now takts 
his rake and feels if any lumps remain m an unfused condition, and if he finds all to 
be in a fluid state he calls his assistant from the other side, and by the addition of a 
small quantity of lime and fine coal, makes the slag aMuiiii a pasty or rather doughy 
consistency By the aid of his paddle he now pushes this compound up to the oppo 
Bite side of the furnace, where it is drawn by an assistant through the Wk door into 
a tioiigh containing water Whilst the assistant is doing this the foreman is busily 
engaged m tapping off the metal into the iron pan in front of the fhrnace, from whidi, 
when Bofflcientfy cooled, it is laded out into suitable moulds 

1'he total duration of the operation may be about six hours 

Tu build a furnace of the above desctiption, 5000 common bricks, 2000 fire brieks, 
and 2^ tons of fire-clay arc requiied In addition to this must bo reckoned the iron- 
work, the expense of which will bo much influenced by the nature of the armatuies 
employed and the locality in which the furnace is constructed 

The amount of fhel employed for the treatment of a ton of lead ore varies not only 
in 1 elation to the richness of the mineral, but is also much influenced by the nature ot 
the associated matrix and the calorific value of the fiiil itself The loss of metal ex 
pericnced during the operation is mainly dependent on the richness of Uie ore treated 
and the skill and attention of the foreman. 

In the North about 12 ewt of coal are consumed in the elaboration of one ton of 
ore, and the lost of metal on 60 per cent ore may bo estimated at about 12 per cent , 
ot which about ^ per cent is subsequently recovered from the slag and flimea. At a 
wcIl-conducted smelting works, situated m the west of England, in which the average 
assay of the ores smelted during the year was 75^, the yield from the smelting fin- 
naces per cent , and the coal used per ton of ore was 18| cwts. The lead 

recoverdMIoni the slag and fumes amounted to 2f per cent, making the total yirid 
of metal 71} per cent , and the loss on the assay produce 4^ per cent 

In this establishment the men are paid flom 7« Cef to 12#. 6d per ton of lead, m 
accordance with the nature of the ores operated on. 

In one establishment the process before described is somewhat varied. The charge 
employed is 21 cwt. This is run down and tapped off at the expiration of 6 boars, 
and about 9 pigs of 1} cwt each usually obtained, A second charge of 21 ewt is 
theft dropped in, and, as soon as it is roasted, mixed with ffie slags of the fonner 
ration. The whole is then run down in the ordinary way, the slags diawn and toe 
lead tapped off in 9 hours. The produce of the second or doable charge is firom 1* 
to 15 pigs. 

If the ores are difficult to flow, 16 to 16} boars are required for the two chaige** 
A small quantity of black slag fl^m the slag hearth is employed for drying HP* 

1079, 1080, l08f, represent the revemratory fomsce at the Mai^usM of W«tt- 
nunster s lead smelting work^ two miles foom Holywell. The hearth is hoBowed oo* 
below the middle door of the flimaee t it slopes the hack and ends loifitfl* W" 
basin The distance from the lowest poiut of this ooMdvlty up to the fill the wwjv 
IS usually 24 inches, but it is soiftetimes a kttle less, teeming to the guili^ Of the 
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orti to U smelted. This furnace has no hole for mening off <lw ehore the lend 
of the tap hole for the lead, like the imeHiiig fomaee of Lea, mtif Ifatlot^. A 
single ehinmey stalk serves for all the cstablinimeDt t aod^odve# alU the floes of the 
various roasting and reducing fomaces. Fi$. 1081 glveaAfl Ides of the dis^botion of 
these lliu'S. aaOt 8io. arc Uio fomaces ; the flnea, 18 liicties tqiare ) these leoA 
from each furnace to the jirincipal conduit a whu h i# fine foot deep by 8^ irl^f d Ja 
8 feet deep by 3 wide; « is a round chamber jlft feet in diinteter ; / Is a Coadoit, 7 feet 
high by A wide , y another, 6 feet h>gh by 8 wide. Ilie ehkngey'at A hai I diameter 
at bottom of 80 feet, at top of IS fe<.t, inclndlag the tbickoesi of Its tidee, fonhlng a 
tniiK ated com* UK) feet high ; wluise base stands u)H>n a hill a little wi^ fooni the 
furnaces, and 62 feet above their level. 

o, fiqit. 1079, 1080 , is the gi'ute , it, the door of the place ; c, the fire-bridge \ c/, the 
arclitU roof; e, the hearth , ///, Arc. the working doors ; tf p, flues running into one 




conduit, which leads to the subteiranean condensing-obamber e, and thence to the 
general chimney ; /i, a hopper-shaped opening in the top of the furnace, for supplying 
ic with ores. 

This magnificent structu**!* is not destined solely for the reduction of the ores, but 
also for disbipating all the vapours which might prove noxious to the health of the 
workpeople and to vegetation 

The ores smelted at Holywell are yery reffoctory galenas, mixed with blende, cala- 
mine, pyrites, carbonate of lime, &e., but without any fluate of lime. They serve 
mutually as fluxes to one another. The coal is of inferior quality. The sole of each 
furnace is formed of slags obtained in the smelting, and they are all of one kind. In 
constructing it, 7 or 8 tons of these slags arc flrat thrown upon the brick area of the 
hearth; are mode to melt by a brisk fire, and in their stifihDing state, as they cool, 
they permit the bottom to be sloped and hollowed into the desired shape. Four 
workmen, two at each side of the furnace, perform this task. 

The ordinary charge of ore for one smelting operation is 80 ewt, and it is intro- 
duced through the hopper. An assistant placed at the bock doors spreads it equally 
over the whide heurfo with a rake t the furnace being meanwhile heated only with 
the declining fire of a preceding operation. No regnlor fire is mode during the first 
two hoars, bat a gentle heat merely ia kept np by throwing one or two di^elfols of 
small coal upon the mte from time to time. All tlm doors are elosed, and the fo- 
gitler-plate of the chimney lowered. 

The outer basin in ftont of the fomaee it at this time filled with the lend derived 
firom a former process, the metal befog covered with slogs. A feetangnltr slit above 
the tap hole ia left open, nnd remafosso dnrfog the whole time of the op^loD« nnlcH 
the lead should rise In the interior basin shove the tevel of Chat orifloei in whfoh eois 
a little mound most he raised before it. . ^ . 

The two doom in front fortheot foom Che fire befog eoon opened, the ^-mnete 
thmws in thmn^ them, upon the sole of foe fumeee, the slags swimming npon fog 
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bath of lead, and a little while afterwarda he opena the tap-hole, and rnna off the me- 
tallic load reduced fW>ra theae alags. At the aame time hia aaaiatant turna over the ore 
with hia paddle, through the back doora. Theae being again cloaed, while the above 
two fhmt doora are o|»eu, the amelter throws a shovelful of small coal or coke cinder 
upon the lead bath, and works the whole together, turning over the ore with the paddle 
or iron oar. About three quarters of an hour after the commencement of the opera- 
tion, he throws back upon the solo of the hearth the fh*sh slags which then float upon 
the bath of the outer basin, and which are mixed with coaly matter, lie next turns 
over these slags, as well as the ore with the paddle, and shuts all the doors. At this 
time the smelter lades off the lead into the pig* moulds. 

The assistant now turns over the ore once more through the back doors. A little 
more than an hour after the operation began, a quantity of lead proceeding ftom the 
slag last rcMuelted, is run off by the tap; being usually in such quantity as to fill one 
half of the outer basin, lloth the workmen then turn over the ore with the paddles, 
at the several doors of the fhrnace. Its interior is at this time of a dull red heat; the 
roasting Iwtng carried on rather by the combustion of the sulphurons ingredients, than 
by the action of the small quantity of coal in the grate. The smelter, after shutting 
the ft^ont doors, with the exception of that next the fire-bridge, lifts off the fresh slags 
lying upon the surface of the outride hath, drains them, and throws them back into 
the furnace. 

An hour and a half after the commencement, the lead begins to oose out in small 
quantities from the ore ; but little should be suffered to flow before two hours have 
expired. About this time the two workmen open all the doors, and turn over the ore, 
each at his own side of the furnace. An hour and three quarters after the beginning, 
there are few vapours in the furnace, its tc.nperature being very moderate. No more 
lead is then seen to flow upon the sloping hearth. A little coal being thrown into the 
grate to raise the heat slightly, the workmen turn over the ore, and then close all the 
doors. 

At the end of two houra the fire or roasting being completed, and the doors 
shut, the register is to be a little, and coal thrown upon the grate to nve the 
second fire^ which lasts during 2$ minutes. When the doors are now opened, the inside 
of the furnace is of a vivid rA oolour, and the lead flows down fhim every side towards 
the inner basin. The smelter with his rake or paddle pushes the slags upon that basin 
back towards the upper part of the sole, and his assistant spreads them uniformly over 
the surface through the back doors. The smelter next throws in by his middle door, a 
few shovelftils of quicklime upon the lead bath The assistant meanwhile for a quarter 
of an hour works the ore and the slags together through the three back doors, and 
then spreads them out, while the smelter pushes the slags from the surface of the inner 
basin back to the upper part of the sole. The doors being now left open for a little, 
while the interior remains in repose, the metallic lead, which had been pushed back with 
the slags, flows down into the Itosin. This occasional cooling of the furnace is thought 
to be necessary for the better separation of the products, especially of the slags from 
the lead bath. 

In a short time the workmen resume their rakes, and turn over the slags along with 
the ore. Three hours after the commencement, a little more fuel is put into the grate, 
merely to keep up a moderate heat of the furnace during the paddling. After three 
hours and ten minutes, the grate being charged with fuel for the third firOf the register 
is completely opened, the doors are all shut, and the fhrnacc is left in this state for 
three quarter^|||^ an hour. In nearly four hours ftom the commencement, all the 
doors hei^ opened, the assistant levek the surfitccs with his rake, in order toflivonr 
the descent of an V drops of lead ; and then spreads the slags, which arc poshed hack 
towards him by the smelter. The latter now throws in a ftesh quantity of lime, wi^ 
the view not merely of covering the lead bath and preventing its oitidatidn, hat of 
rendering the slags less fluid. 

Ten minutes after the third Are is completed, the smelter puts a new eham of ftiel 
on the grate, and ihnts the doors of the ftimace to give it the fintrth fire. In four hoars 
and forty minutes from the commencement, this fire being flni^ed, the doors are 
opened, the smelter pierces the tap-hole to discharge the leadlntothe outer basin, and 
throws some quicklime upon the slags in the inner basin. He then pushes the slsgi 
thus dried up towards the upper port of the hearth, and his assistant nixes them oat by 
the hack doora. 

The whole operation of asneftfiig eh^ takes about four boon and a hat(orat most 
five liours, in which ftmr.periods may he distingnished. 

1. TYtn first fire fi>r roasting the ores reqafris very moderate firing, and lasts two 
hours. 

X. The second fire^ or smelting, requires a higher heil, with abut doors I M ds4 
the slags are dried op with lime, and the ftiftmoe ia alao allowed (o eool 0 
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9, 4. The last two periods, or the third andJiMtth aiw Ukawise tiro svoUings or 
foiindiogs, and differ from the first only in requhrhig a luither ttmperatttff. The heat 
is greatest in the last 'J'he form and dimensions of the fUmaoe are caleolatf d to cause 
a uniform distribution of heat over the whole surfhee of |ha hearlih. Soinetimcs 
billets of green wood are plunged into the metallic of tbi outer basin, cioaing an 
ebtiliition which favours scpuration of the slags, and oooseqnenily the pradoction 
of a purer lead ; but no more metallic metal ia o&iuied. 

Ten c wts. of coal are consumed at Holywell k aineiting one Um of the lead err soA/irA 
or sludge ; hut at Orassington, near Skipton in Yothshire, with a similar fUrnaceworked 
tritli u blower heat, the operation taking from seven hours to Sfven hours and ■ half, 
instead of five, only 71 ewt. of coal are consumed. Bat heri^ the ores are less rofractorj , 
have the benefit of nuor spar as 1 ** 

u fiux. and are more exhausted | ' I | | 

ot their metal, being smelted upon U i | j 

a lew sloping hearth. ] 1^1. r ■■ 

W orfhearth - This furnace, . — -I c | 

(.iilkd by the French foumeaM I - - J 1 

IS ftom 22 to 24 inches ' I H 

in height and I foot by 1^ in P lir ‘ ’ | j 

aica iii«i(lc; but its hon/ontsl I P j! “ 

section, always rectangular, vu- [ 1^ 10®^ 

Ties much in its dinicnmuiis at 

>lim.rent lev.!., a, .hown in pj. - c.Tuy.r. M, Woik.inne. 

Treatment aj had oi < s Ay the Scotch furnace or ore-hearth* —This furnace ia generally 
einplo}ed in (he counties of Northumberland, Cumberland, and Durham, for the 
smelting of load ores, which were foniicrly carried to them without any preparation, 
but they arc now often exposed to a preliminary calcination. The roasted ore yields 
in the Scotch fuiuaec a more considerable product than the crude ore, because it 
forms in the Aimace a more porous mass, and at the same time it uurke drier, to use 
the founder's expression ; that is, it allows the stream of air impelled by the blast 
to diffuse itself more completely across the matters contained in the furnace.^ 

In proceeding to smelt by means of an ore-hearth, two workmen are required to bo 
in attendance liom the beginning to the end of each smelting shift, the duration of 
which is from 12 to IS hours. The first step in commencing a smelting shift is to fill 
up the hearth-bottom, and space below the workstone with peats, placing one already 
kindled before the nozzle of the bellows. The powerful blast very soon sets the 
whole in a bluze, and by the addition of small quantities of coal at intervals, a body of 
fire is obtained, filling the hearth. Roasted ore is now put upon the surface of the 
fire, between the forestonc and pipestone, which immediately becomes heated red hot 
and reduced ; the lead from it sinking down and collecting in the hearth bottom. 
Other portions of ore of 10 or 12 lbs. each are introduced from time to time, and the 
contents of the hearth are stirred and kept open, being occasionally drawn out ud 
examined upon the work'^toue, until the hearth bottom becomes IViU of lead. The 
hearth may now be considered in its regular working state, having a mass of heated 
fuel, roiued with partly fused and semi-reduced ore, called Jirouze, floating upon a 
stratum of melted lead. The smelting shift is then regularly proceeded with by the 
twoworkmcD,asfollows:— The fireWing made up, a stratum of ora is spread upon 
the boriiontal surface of the bronze, and the whole suffered to remmn exposed to the 
blast for the space of about five minutes. At the end of that time, one man plunfm 
a poker into the fluid lead, in the hearth bottom below the bronze, and rases the 
whole up. at different places, so as to loosen and open the hrouse, and in doing so, to 
pull a part of it forwards upon the workstone, allowing the recently add^ ore to sink 
down into the body of the hearth. The poker is now exc^nged for a s^eU 
with a head 6 inches square, with which the ^ouze is examio^ 
and any lumps that may have been too muc|i fus^, broken to pieces \ 
so far agglntinated by Ae heat, as to be quite har^ and 
ness, being picked out, and thrown sside, to be ^erwards 

They are called “ grey slags.” A little slaked lime, 5SS 

the broan, which iuib been drawn torwaid upon the weekstOTej, if it exhibit a pai^ 

appearanee; and a portion of coil is added to the 

workman knows by experience. In the mean time, his fellow 

fellow, clears the opening, tbrod|^ which ^ blast 

■hovel, and phuses a peat tmmedialdy above it, wMcb be bolds in itt 

until it is fix(^, by jibe return of aB the brow ftwn *^®^*^* 

The flfu it made up again into the shape beftw dewyibed, a mxum of firuA M 
spread upon the part. tiie opefutiou of stlrriug, breaking the lumps upott the 
VoL.ll. 
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workstonc, and picking out the hard slags repeated, after the expiration of a few 
minutes, (‘xactly in the same inaiiner. At every stirring a fresh peat is put above 
the noxzle of the bellows, which divides the blast, and causes it to bo distributed all 
over the heurtli ; and ns it burns away into light ashes, an opening is left I'or the 
blast to issue freely into the body of the brouxe. The soft and porous nature of dried 
pent renders it very suitable for this purpose; but, in some instances, where a 
d«‘fieiency of peals has occurred, blocks of wood of the same size have lieen used 
with little disadvantage. As the smelting proceeds, the reduced lead, filtering down 
through all parts of the brouze into the hearth liottom, flows through the chauuel, out 
of which it is laded into a proper mould, and formed into pigs. 

The principal particulars to be attended to in managing an ore-hearth properly 
during the smelting shift, are these : First. — It is very important to employ a 
• prdfer blast, which should be carefully regulated, so as to be neither too weak, nor 
too powt'rfuL 'J'oo weak a bla.st would not excite the requisite heat to reduce the ore, 
and one too powerful has the effect of fusing the contents of the hearth into slags. 
In this particular no certain rules can Ik* given ; for tlie sumo blast is not suitable 
for every variety of ore. Soft free-grniued gulena, of great specific gravity, being 
very fusible, and easily reduced, requires a ipodcrate blu&t ; while the harder and 
lighter varieties, many of which contain more or less iron, and are often found rich 
in silver, require a blast considerably stronger. In all cases, it is most essential, that 
the blast should be no more than sufficient to reduce the ore, after every other ne- 
cessary ])roeuiition is taken in working the hearth. Second. — The blast sliould be as 
iniich divided as possible, and made to pass through every part of the brouze. Third. 
— The hearth should be vigorously stirred, at due intervals, and part of its contents 
exposed upon the workstone ; when the partially fused lumps should be well broken to 
pieces, as well os those which are further vitrified, so as to form slags, carefully picked 
out. This breaking to pieces, and exposure of the hottest part of the brouze upon 
the workstone, has a most beneficial effect in promoting its reduction into lead ; for 
the Rtino.sphcric air immediately acts upon it, and, in Uiat heated state, the sulphur 
is readily consumed, or confeorted into sulphurous acid, leaving the lead in its metallic 
state ; hence it is that the reduced lead always flows most abundantly out of the hearth 
iiuinedistely after the return of the brouze, which has been spread out and exposed to 
tiic atmosphere. Fourth. — The quantity of lime used should be no more than is just 
ijccrssary to thicken the brouze sufficiently ; as it does not in the least contribute to 
reduce the ore by any chemical effect: its use is merely to render the brouze less 
l»asty, if, from the heat being great, or from the nature of the ore, it has a dis- 
position to liecumo very soft. Fifth. — Coal should be also supplied judiciously ; too 
much unnecessarily increasing the bulk of the brouze, and causing the hearth to get 
too full. 

When the ore is of a dcsoription to smelt readily, and the hearth is well managi>d in 
every particular, it works with but a small Quantity of brouze, which feels dry when 
stirred, and is easily kept open and permeable to the blast. The reduction proceeds 
rapidly with a moderate degree of heat, and the slags produced are inconsiderable ; but, 
if in this state, the stiiTing of the broufe and exposure upon the workstone are discon- 
tinued, or practised at longer iute^TfalSi the hearth quickly gets too hot, and imme- 
diately begins to agglutinate tegetilbr; rendering evident the necessity of these 
operations to the succesiftil manageineiit of the process. It is not difficult to under- 
stand why these effects take place, when it ia .considered, that in smelting by means 
of thcj|bheartb, it is the oxygen of the blast and of the atmosphere which principally 
acconfPHtfa the reduction ; and the point to be chiefly attended to consists in exposing 
the ore to its action, at the proper temperature, and under the most fhvourablc cir- 
cumstancea The importance of having the ore free from impurities is also evident ; 
for the atony or caithy matter it conudos impedes the smelting process, and in- 
creases the quantity of slags. A yery slight difference of composition of perfectly 
dressed ore may readily be understood to ^ect its reducibility ; and henee it is, th^ 
ore from different veins, or the same vein in different strata, as beffire observed, 
frequently found to work very differently when smelted singly in the hearth. H 
happens, therefore, that with the best workmen, some varieties m ore require more 
coal and lime, and a greater degree of heat than others ; and it ia for this reason that 
the forestone is made movable, so as either to answer for oro which works with a 
large or a small quantity of brouae. 

It has been stated that the duration of a smelting diift is from 12 to 10 hours, at the 
end of which time, with every preeaution„the hea^ is apt to become too hc^ n 
is nct^ssury to stop for some time,- in order that it may cooL At mlUa 
smelting shift is 12 hoars, the hearths usually go on 12 hours, and 
four and a half or five bings* of ore (86 to 40 owt) are mlted diudiig a 4h»h 
• liilng«asiitB, 



LEAD. 


819 


two i»in wLn ronnagc tlii hearth work mh four Bhiftii per week ) terminating their 
we< k 8 work at J o\tock on We dneeday aftemoon. Tht y are sacoeedfd by two other 
workm n, who alho work four 12 hour bhifta, thelost of whieb tbtj finiib at 4 o'clock 
on Sitiirdj> In these eight nhiflK from 86 to 40 bings of ore aie aoielted* whioh» 
when of good quality, produce from 9 to 10 fodderb* of lead* At other mills where 
the shift 18 14 or 1? houis the furnace is kindled iii 4 ocloek in thi nioming aud 
workid until 6 or 7 in the tveuiug carU da;y, ais da^s in the wmk, duiing this shift, 

*> or bings of ore are smelted, and two men it oni luarth, la the caH) puitiif eacb 
week, work three such shifts, producing ahoat 4 fodders of lead — two othgr men 
woiL inch 8 shifts in the latter part of the wedk, making the total quantity amilted 
p( r wtek* in one luartli fVom 8U to 38 btngs 

Hearth endt and StMlur*s fwoi -In the operation of smelting, as already dc- 
kiiIm d, It liappeus that paitu-Uw of i ni< dmeil and sum reduced ore are continually 
c\l>cUed {Voin the hearth, partly by thi force of the blast, but prinupally by the 
di crepitation of th< ore on the application of heat his ore is initi d w ith a portion 
of the Aid and lime niaui use of in smelting all of which are deiKwitid upon the top 
of il c Miulting luurth, and an called hearth cuds It is ciistoinaiy to remove tho 
luarth I mis horn time to unit, and deposit rhem in a louvenient plue until the end 
of the year, or sonic shcrici period, when the) a^c washed to get iid of the earthy 
matter they may contain, and the metallic p irtior is roasted at a strong heat, until it 
figiTis to soften and tohcrc into luniiui, and afterwanls smelted in the oie-hcarth, 
c\ utly in the same way os ore undcigoing that opcrutiou fur the first time, as alicady 
dt sitibid 

It 18 difficult to state what quantity of hearth-ends are pioduced by the smelting of 
a given quantitv of ore hut in om instance the hearth ends product d in snicltiiig 97^1 
bings on being roasted and reduce d in the ore hearth, > lelded of common lead 3) ^ owt , 
and the grey slags separated in this process gave, by treatment in the slag hearth, 47 
cwt of slag lead , making the totd quantit) of lead 362 cwt, which is at tho rate of 
3 ewt 2 qrs 2 1 lbs from the smelting of 1(K) bings of ore 

Slag hearth — I he various slags obtained fioin the different operations of lead 
smelting are divided into twe classes 1 hose which do not contain a suffuient amount 
of metal to pay for further treatment are thrown away as uaeless, whilst those m which 
the percentage of lead is sufficiently large arc treated by the 8lag*heartb. 

rtgn 1083, 1084 represent a slag-hearth, the fiurneau d moneAe (elbow furnace) of 
the rienoh and the krummofin (crooked furnace) of the Germans, such as is used 
at Alston Moor, in Cumberland, for the reduction of the liod-slag It resembles the 
Si oti'h funiaee The shaft is a parallelopiped, whose base is 20 inches by 24 mches in 
area inside, and whose height » 3 feet , the sole plate a, of cast iron, slopes slightly 
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down to the basin of reception or tho fore hearth 6 Upon both of the long sides of the 
sole plate there are cost iron beams, called bearers, c c, of great strength, which sop- 
jiort the side walls built of a coarse grained sandstone, as well as the cast iron plate d 
( hire-stone), which forms the foont of the shaft 1 his stands 7 inches off ftw the sole- 
plate, leading an empty space between them. The back side is made of east iron, 
from the sole-plate to the horizontal tuydre m its middle , but above this point it is 
made of sandstone The tu)dre » from to 2 inches in diameter. In flront of the 
fore-hearth h, a cistern e is placed, through which water continually flows, so tbat the 
slags which spontaneously overflow the fore-hearth may become inflated and divided, 
whereby the lead disseminated through them may be readily separated by washmg 
The lead itself flows foom the fore-hearth h, through an oriflee, into an iron pot/, 
which is kept over a Are The metal obtained flrom this slag-hearth is taueh Uiss 
pure than that extracted directly flom the ore 
The whole bottom of the fomaee is filled to a height of 17 inehei^ that ii^ lo 
Within 2 or 3 inches of the tuyhre, with the rubbish of coke reduced to eodrse powder 
and beat itron^y down. At eeeh mdtmg ih\P, this bed mutt be laade aii6W» aodtlw 
intenor of the ftnuaoe above the tuydre repaid with the exeeptioD of the eon- 
f t'lUng of oast non. In advance of the fomaee there is a basin of receptlMk irhfoh |e 
•Iso fl^ilud with coke mbbuilL Farther off is the pll^ foil of water, repleiuahed by a ooAd 

• 1 M4sra»eivts. 

So 2 
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flircaiA, which inccMantly runa in through a pipe. The scoriic, in flowing out of the 
iurnacc, pass over the coke bed in the basin ot reception, and then fall into the water, 
whose coolness makes them fly into small pieces, after which they are easily washed, 
BO us to separate the lead that may be entangled among them. 

These furnaces are urged sometimes by fans or by wooden bellows, fig 1 08 1. But at 

the smelting works of I^a, 
near Matlock, the blowing- 
machine consists of two casks, 
which more upon horizontal 
axes Tach of these casks is 
divided into two equal parts 
by tt fixed plane that passiq 
through Its axis and is filUd 
w ith water to a cei tain he i^ht. 
The water of one side commu* 
nicatcs with that of the other 
by an opening in the lowir 
part of the division. Each 
cask possesses a movement of 
oscillation, produced by a rod attached to a crank of a buckct-whcel At each deiiii- 
obcillation, one of the compartments, being in communication with the exteinal air, 
18 filkd, whilst the other, on the coutinry, communicates with the nozzle, and supplus 
wind to the fiiniace. 

Instead of being blown by a cold blast, these furnaces are sometimes supplied with 
heated air When smelting with cold air, it is often found difhcult to proportion the 
quantity of slag or other substance operated on, so as to preserve the nose or cone of 
fdag wliu h forms at the < nd of the tuyere from giowing too long, to the prejudice of 
the operation When the substance operated mi is poor for metal, and very refractory, 
it fl’equcntly happens that the smelter is obliged to hteak the nose, or introdnee some 
very fusible substance in order to melt it off. By the introduction of hot air this in- 
convenience IS removed, since by increasing or lowering the temperature of the blast, 
the nose may be allowed to lengthen or shorten, accoiding as the nature ot the slags 
may rc>quire. 'Phe tcniperatuie found to answer best is fiom 250^ to .300^ Fahr , 
since when it is heated to from 500 to 600", it is found impossible to form a nose of 
Buflieient length to convey the blast to the front of the hearth, and therefoie the 
hack, which is expensive to rebuild, is quickly destroyed. 

The ads antige to be derived from the use of the hot blast will be evident, firom the 
result of two experiments which were tried some years since. 

Twenty -eight tons of slag smelted with cold blast consumed 392 cubic feet of air 
per minute. 

Labour cost ---• - 

Coke, 7 tons, at 24a 6//. • - • - - 8 116 



Total £11 19 2 

Thirty-five tons of similar slag smelted with hot blast consumed 300 cubic feet of 
air per minute. 

Labour cost - - - - - - - £3 78 

|Cokc, h tons, 17 ewt, at 24«. 6r/. - - - 7 3 4 

Turf for heating air, 11 loads, 1#. 6dL - * 0 18 4 

Total £11 9 4 


From which it will be seen that, with one-quarter part less air, a quarter part more 
alag was melted per week, and a saving of expense of nearly lOt. effected. 

The loss of lead experienced in smelting by the slag hearth, ii, however, very grech 
even under the most fhvourable circumstances; and it has, oonaequently, of later 
l«en gradually superseded by the Gastiliaii fhmaoe, which will be shortly desorib^ 
Many large and well-conducted establishments still however oomtinua to empioy^ 
slag hearSi, and when well constructed and skilfully managed, the less arismg 8^ 

volatilisation may be considerably reduced. 

Caatiban furnace — Within the last few Tears a blast fhrnsee hss be^ 
Introduced into the lead wprks of this country, wmob possesses great advantage oyiw 
every other description of apparatus which has been hitherto employed n>r tw 
^tment of lead ores of low produce. I'his apparatus, although first em^p® 
flpain, was invented by an Englishman (Mr. W. (modry), who was esifloy^d m 
wdjethm of rich slags in the neighbourhood of Csrthagena. . ^ i- 

This fhmaoo is circular, usually about 2 feet 4 inoheSi or 8 ft«t 8 iaeii®® ■ 
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diameter, and is constroeted of the best fire •bricks, so moulded as to fit together, and 
allow all the joints to follow the radii of the circle deseribed by the brick work. Its 
usual height is 8 feet 6 inches, and the thidtness of the masonry invariably 8 laohes. 
In this arrangement the breast is formed by a semUcircular pbte ot C8it*iroo, 
furnished with a lip for running off tlie slag, and ha(t a longitudinal slot, in which is 
placed the tapping-hole. 

On the top of tliU cylinder of brickwork a boa -shaped io\erii>g of masonry is 
Bupimrted by a cast-iron framing, resting on four pillars, am) lu di's i« placed the 
(lofM lor feeding the furnace, and the outlet by ^h.eli the ^.irioas products of 
I'oiuhustion cBcn^> to the ilucs. The lower part of thi^ hood vs fitted losely to the 
body of the fuiuiice. whilst its top e elosed by an arch of iiieh hr < I work laid m 
tlii-elny. The iMittoui is eoiujuvsed of a mirtnre of cokv-duht ar<' iire-ciay, slightly 
luoisteued, and wiP beaten to the hiight of the top of tiu breast-p<iii, which stands 
nearly 3 fei t abo«i. the level of the fioor. Abo\t flu is aii arch, so 

turned as to form a sort of niche, 18 inches in width, ar i lathei more than 2 feet 

111 / 1 if'ht 

Wilt u the botbiin has heen solidly beaten, up to the leqnaed height, it is hollowed 
so as to fonn an inttiual cavity, comm uni* at mg freely with the breast pan, 
which in filled with tlic same material and sulrnequeutly hollowed out to a depth 

lighil} lielow the level of the internal cavity. The blast is supplied by throe water 
lujetes, 3 inches m diameter at the smaller end, 5} inches at the larger, and 10 
mehes in length. Into theso tlie noaslcs are introduced, by which a current of air is 
supplied by means of a fuu or vcuiitator, making about HOO revolutions per minute. 
'J'he blast may be conveniently conducted to the noizles through brick channels formed 
beneath the floor of the Hmclting house. 

The ores treated in this funiaee ought never to contain more than .30 per rent, of 
nietiil, and when richer, must be reduced to about this tenure by the addition of slogs 
and other fluxes, lu charging this apparatus, the coke and ore are supplied stratum 
super stratum, and care must be taken so to dispose the coke as not to heat too 
violently the brickwork of the flimaces. In order to allow the slags which are pro- 
duced to escape freely into the breast- pan, a brick is left out of the front of the 
furnace at the height of the fore-hearth, wrhich, for the purpose of preventing the 
cooling of the scons, is kept covered by a layer of coke-dust or cinders. From the 
breast-pan the slags flow constantly off over a apout into cast-iron waggons, where 
they consolidate into masses, having the form of truncated pyramids, of which the 
larger base is aliout 2 feet square. As soon as a sufficient amount of lead is 
accumulated in the bottom of the furnace, it is let off into a lateral lead-pot, by 
removing the clay-stopper of the tap-hole situated in the slot of the breast-pon, and 
after being properly skimmed it is laded into moulds. When in addition to lead the 
ore treated likewise contains a certain portion of copper, this metal will be found in 
the form of a matt floating on the surface of the leaden bath. This, when sufficiently 
solidified, is removed, and after being roasted is operated on for the copper it contains. 

The waggons in which the liquid slag mns off, are flreqnently made to traverse 
small railways, by which, when one mass has been removed, its place may readily be 
supplied by an empty waggon. 'When nearly cold the casings of the waggons ore 
turned over and the blocks m slag easily made to drop out. In addition to the facility 
for transport obtained in this way, one of the great advantages obtained by this 
method of manipulation arises from the circumstance that diould the furnaces iX anv 
time run lead or matt, without its being detected by the smelter, the wh<de of it will 
be collected at the bottom of the blo^ tma which, when cold, it may be readily 
detached. 

In working theee frimaces, care must be taken to jpr^ent flame flrom appearing 
at the tunnel-head, since, provided the slags are snmcientlT liquid, the cooler the 
apparatus is kept the less will be the lose of metal through volatilisatioD. In addition 
to the greateat attention being paid to the working of the fiimare, it is neeessafy, In 
order to obtain the best results, that all establishments in which this apparalns is 
employed should be provided with long and espaeioos floes, in which the ooodeiMioD 
of the fiamei takea jdaoe, previooa to arriving at the ehimney-ehaft Theee flues 
should be built at least three flset in width, and six fret in height, so as leadilv to 
admit of being cleaned, and are ofl^ made several thousand yards in length. The 
▼aloe of the fri^ so eondeoaed, amoonts m many hondredi, and in some inataacaa 
thousands per annum. 

In order te be advantageously worked io these fumacea, the oiaa should ho first 
roasted, and snbaeqoeiitly agglomerated into masses, which, afker being brokea into 
fragments, of about the eiae<rftlie fiat, and auxed with flie varions fiaxea^are chUgod 
as befbre described. 

In ■neatabtfihmeni hi which the average aesayprodnet of the mated ofulhr lend 
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18 4J|tb8, ihu faroace yield is 38^^ths, and tho weight of coke employed to cfTcdt 
the reduction S2 per cent of the roasted ore operated on. The mixtnre charged into 
tho funiacct m this instance, is composed of 100 parts of roasted ore, 42 parts of slags 
from a pievious operation, 8 parts of scrap iron, and 7 parts of limestone Each 
furnice Hoiks off about seven tons of roasted ora in the coarse of 24 hoars , the 
weight of slags run oil is about double that of the lead obtained, and the matt removed 
from the surtuce of the pan is niaily 5 per cent of the lead produced. The ores 
trcaiLfl in this (.stablishmcnt consist of galena, much mixed with spathose iron, and 
arc tlierefore somewhat refractory A furnace of this kind requires for its construction 
about 1000 segincntal fire bricks, and tho same number of ordinary fire-bricks of 
second quality. 

1088 1087 
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Ftga, 1086, 1087, 1088, and 1089 repreaeiit re8i>ecti\ely aTertical 8i>etion, w elevation^ 
ti ground plan, and an horiaontal beoiion of a t^astUian fomaee. The 1080 

iR on the line X Y,Jig. 1087. A m the boily of the fhrnace, B, the hottom eompoipd of 
a mixture of or>ke>dust and fiK>-elay ) <' r. c, the tuydref ; n, the feelangulif eovering of 
inaHonry ; e k H B, cast iron pillaiK ; p, the breaat-pan s o. alotAir tapping; hole | u. Up 
of hreoat-pnn; r, feeding d()or ; K, 0iic*h<>lo; p <|, ground line* 

Figa. 1090, 1091 are the alag-waggimR, a being a ino\nble eaie without a hottuu, 
undB a atrong caat-iion plate running on four wbeela. 


1090 1091 



Tliedcsulphuration of the ores to be treated in these furnaces may be effected either 
by the aid of an onhuary reverberatory roasting furnace, or in heaps, or properly 
constructed kilns. 

The kilns best udafitcd for this purpose consist of rectangular chamhers, having nn 
uiehed roof, and piuvliied with proper flues for the escape of the evolved gases, as 
well as a wide door for cliarging and withdrawinj; the ore to be operated on. 

Each of these chambers is capable of containing from 95 to 30 tons of ore, ond 
ill 01 der to charge it a layer of faggots and split wood is laid on the floor, and this, 
lifter having been covered by a layer of ore about two feet in thickness, is ignited, 
care 1>eing at the same time taken to close, by means of loose brick-work, the open- 
ing of the door to the same height. 'When this first layer has become sufiieieutly 
Ignited, a fresh stratum of ore, mixed with a little coal or' charcoal, is thrown ujion it, 
und when this layer has in its turn become sufficiently heated, more ore is thrown 
on. In this way more ore is from time to time added, until the kiln has become full, 
when the orifice of the doorway is closed by an iron plate, and the operation proceeds 
rt'gularly and without furtluT trouble until the greater portion has become eliminated. 

This usually happens at the expiration of about four weeks firom the time of first 
ignition, and the brick-work front is then removed, and the ores broken out, and after 
being mixed with proper flaxes, passed through the blast fiimace. » 

The proportion of wood necessary for the roasting of a ton of ore by this means 
must neccsbarily depend on the composition of the minerals operated on ; but with ores 
of the description ahove-mentioned, and in a neighbourhood where wood is moderately 
cheap, the desulphuration may be effected at a cost of about 5s. per ton. 

CVi/cinmy.— The lead obtained by the various processes above described generally 
contains a' sufficient amount of silver to render its extraction of much importance; 
but, in addition to this, it is not unfrequently associated with antimony, tin, copper, and 
various other impurities, which require to be removed before the separation of the 
silver can be effected. 

This operation consists in fusing the hard lead in a reverberatory faroaoe of Muliar 
construction, and allowing it to remain, when in a melted stale, exposed to toe oxi- 
dising influeneei of the gases passing through the apparatus. By uis treatment the 
antimony, copper, and other impuriucs become oxidised, and on rising to the sorfhee 
of the metallic bath are skimmed off, and removed with an iron rake. The hearth of 
the fiimaee in which this operation is eonduoted consists of a large cast-iron pah, 
which may be 10 ftet in length, 5 feet 6 Inches in width, and 10 inchet in depth. The 
fi''e-place, which ip 1 Ibot § inches in width, has a lens^ equal to the width of the 
pun, and is sepurated ftom it 1^ a fifd-hridge 8 feet in width. The height of the arch 
at the bridge end is 1 foot 4 inches ahove the edge of the pan, whilat at the outer 
extremity it is only about 8 indiea. 

The iMd to he intindneed Into the pan is first Agied in a leige innpotdfied k 
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briek-work ut the side of the fUriiaco, and subeequently taded into it through an iron 
gutter adapted for that purpose The length of time necessary for the purification of 
hard lead obviously depends on the nature and amount of the impunties which it 
Lontains, and, consequently, some vatieties will be lufflciently improved at the ez« 
piration twelve hours, whilst in other instances it is necesaary to continue the 
operation during three or four weeka The charge of hard lead varies from eight to 
tloven t ms 

When the metal is thought to be in a fit state for tapping, a small portion taken out 
with a ladle, and poured into a mould used for this purpose is found on cooling to 
assume at the surface a peculiar crystalline appearance, winch when once seen is 
iiadily again recognised As soon as this appearance presents itself an iron plug is 
withdrawn from the bottom of the pan, and the lead run off into an iron pan, from 
whu h It is subsequently laded into moulds 

'J he Items of cost utu nding the calcination of one ton of hard Spanish lead in the 
north of England are about us follows — 


S (/ 

Wages - - - - 1112 

Coals, 2 7 ewt 047 

llepairs, &c 0 05 


2 44 

'I he const I uct ion of a furnace of this description requires 5000 common bricks, 
fii e-l)i icks, and 2 tons of fire clay 

Fig^. 1092 and 1093 represent an elevation and vertical section of the calcining 


1092 
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furnace. i^tM fire-place ; n, ash>pitt o, fire-bridge ; d, cast iron pan ; b, flee ; F f r, 
channels fbrlllowing the escape of moisture ; o, one of the workmg doors . h, spout for 

nmning off calcined metal. Ftg, 1094 re- 
1 09d presents the paa removed frwm the masonry, 

and shows a groove in the lip for the intro- 
duction of a aheet iron dam, tightened with 
moistened bone-ash for keeping m the fhsed 

In the more modern fitmaces of this d^ 
scription, the comers are nsoallF ronndm 
to prevent breakage from expansloot 
the tapping is effected by means of • 
throng the bottom near one of tke 
This, when closed^ is stopped by 
an iron ping kept in Hs place by a veignted 
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when lead containing silver is melted in a saitaUc vessel, afterwards slowly allowed 
to cool, and at the same time kept constantly stirred, at aceitliin temperature near the 
melting point of lead, metallic crystals begin to form. Theii as rapidly aa they are 
produced sink to the bottom, and on being removed are fbttad to couiain m' ‘ ' 
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silver than the lead originally oficrated 
un. The still fluid portion, from which 
the crystals have removed, will 
at the same time be proportionally cn- 
rirlu‘<l 

'1 his operation is conducted in n ve- 
rier of 8 or 10 cast iron pots, set in a 
row, aith fin>place8 heneatb. Tliese 
ai<' each capable of containing about 
6 tons of calcined lead ; and on com- 
enemg an operation tliat quantity of 
met *) cuntuininp « * wilt suppose SO us. 
of Silver per tun, is introduced into a pot 
< fjiy 1006) about the centre of the 
fM'i ICS. This when melted, is careftilly 
i^liiiiirotid with a perforated ladle, and 
the fire immediately withdrawn, The 
cooling of the metal is hI«h» fiequcntly 
hasten^ by throwing water upon its 
burface, and whilst cooling it is kept 
constantly agitated h} im^nns of a long 
iron stirrer or slice. Crystals soon 
begin to make their appearance, and 
thebe as they acouniulitc and fill to the 
liottom are removed by means of a 
largo perforated ladle, in which they 
are well shnlvcn and aftcruanls car- 
ried over to the next pot to the left of 
the workman. This operation goes on 
continually until about 4 tons of crys- 
tals have been taken ont of the pot f, 
and have been placed in pot L, at 
which time the pot F, may contain about 
40 nz. of silver to the ton, whilst that 
111 K, will only }icld 10 oi. The rich 
lead in f, is then laded into the next 
pot a, to the right of the workman, and 
the operation repeated in F, on a fresh 
quantity of calcined lead. 

In this way calcined lead is con- 
stantly introdaecd, and the resulting 
poor lead passes continually to the left 
of the workman, whilst the rich is 
passing towards his right Each put 
ill succession, when fill^ with lead of 
its proper produce for silver, is in its 
turn crystallised, the poor lead passing 
to the left of the workman, and the 
enriched lead to his right. By this 
method of treatment it is evidem that 
the crystals obtained from the pou to 
the left of the workman most gradn- 
aUy be deprived of their silver, whilst 
the rich lead passing to his ri^t be- 
comes oootinually richer. The ftnsl 
result is, that at one end of the serlea, 
the poor lead contains rery little silver, 
whilst at the other an exoMhtgly riofa 
all^ of lead and silver is obtained. 

The poor lead bbtailied by this 
cess should never oontatn more then 
iadw«i.of ellverperton, whlltt the rich lesd is frequentty ooaoentrsM |o 900 oih 
tothetom ThkriehlcadissahisqMntlyeopdledtttlmmliiiingthriim 
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The ladle employed for the removal of the crystals, when manual labour is made 
use of, is about 16 inches in diameter, and 5 inches in depth, but when cranes are 
used much larger ladles arc easily managed. A form of crane has been invented 
which effects considerable cconomv of labour in this operation. When, during the 
operation of crystallisation, the ladle becomes chilled, it is dipped into a small vessel 
containing lead of a higher temperature than that which is being worked, and known 
by the name of a temper-pot. The pot containing the rich lead is generally called 
the No. 1 pot ; in some establishments, however, the last pot in which the poor lead 
is crystalli^ obtains this appcllatum. 

Fig?. 1095 and 1096 represent a plan and elevation of a set of Pattinson's pots, 
arranged in the most approved way. a is the ** market pot,*’ from which the desil- 
verised lead is laded out. b, c, d, e, f, o, u, and i, are the working pots, whilst a\ c', 
i/, a^ u^ and i, are their respective hn^places. The ** temper-pots " a a a a, are 
employed for heating the ladles when they have become too much reduced in tem- 
perature 

The ^^s.l097 and 1098, are sections showing the manner of setting and the arrange- 
ment iff the pots and flu«‘H. a, pot ; n, mam Sue; c, ash pit. 
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^I'lie cost of crystallising one ton of calcined Spanish lead, in the estabSishment 
quoted when treating of cidciiiation^ is as follows : — 

s. rf. 

Wages 9 5‘4 

Coals, 4 0 8*4 

Repairs OS'6 


Total 10 4’8 

The erection of nine six- ton puts tcquircs 15,000 comtbonbriokii 1^000 
160 feet of quarles, 80 fire-clay blocks, and 5 tons of fireclay* 

In some establishments ten.ton pots are «m]iloyed, and wbefe eraoes are Bsadi 
of Aw are fbnnd to be advantageous. ^ , 

ir^(fij^.-.Tbe extraction of the silver contained (a lihe rich lead is uoaMlie w • 
cupel forming the bottom of a reverberatory furbaoe eatted ft 
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In this opentioB the litham produced, insteiid of being thiorhed bjr the substance 
uf the cupel, is run off In a fluid state, by means of a depAMdan catted a gate. 

I'he size of the flre-place Taries with the other dimeaciona of the ibmaee, but is 
usually nearly square, and in an apparatus of ordinary siie may be about t feet x si 
feet 6 inches. This ti separated from the both the fiinwoe by aflre-bridge 18 
inches in breadth, so that the flame and heated air pass directly oter the lurflkae of 
the cupel, and from thence escape by means of two separate apeitar»*s into the main 
flues of the establishment The cupel or test cousmrs of an oval iron ring, about 8 
inches in depth, its greatest diatnott r being 4 feet, and -ts lesser uesrly 8 This 
frame, in order to bttter support the bottom of the cupel, i$ pmiTidcd I'Ich oroas^bars 
about 4} inches wule, and one half inch in thickness. Vu ordei to make a test, this 
frame is beaten full of flntly-poardoiHd bone-ash, slightl} moistcmd with water, con- 
taitinig a small quantity of peurl-osh in solution, uhich has the projtorty of giTing 
consistency to the ciqK'l when heated. 

The ciMitre of the umi, afftr the ring has been well fllliHl with this mixtur^ and 
Ko'.dh beaten ii, is bC(M)ped out with a small trowi I, until the .sides are kfl *2 inchea 
in thickness at top. and three inches at the bottom, orhilat the thickness of the sole 
Itself is alioot 1 inch. 

At the fote part or wide end of the test the thickness of the border is incKased to 
six inthes, and a hole ik then eut through the bottom, which communicates with the 
oponiiigH or gatex tiv i^hieh the fliiid litharge makes hn escape. 

The test, when thus pn luircd, i** placed in the refinery fbrnace, of which it forma 
the bottom, and is wedged to Ks pro^*r height against an mm ring firmly built into the 
masonry. When this funiacc is first lighted, it is necessary to apply the heat very 
gradually, since if tiie test were too strongly bested before it became perfeetl} dry, it 
would be liable to crack. As soon as the test has become thoroughly dry, it is 
heated to incipient redness, ond is nearly filled with the rich lead to be operated on, 
which has been provionsly fused in an iron pot at the side of the furnace, and beneath 
which is a small grate where a fire is lighted. 

The melted lead, when first introduced into the furnace, becomes covered with a 
greyish dros«*, but on furiher increasing the heat, the surface of the bath uncovers^ 
and ordinary litharge begins to make its appearance. 

The blast is now turned on, and forces the litharge from the back of the test np to 
the breast, where it passes over the gate, and fulls through the aperture between 
the bone-osh and the ring into a small cast-iron pot running on wheela The air, 
which is supplied by a small ventilator, not only sweeps the litharge flmn the sur- 
face of the lead towards the breast, but also supplies the oxygen necessary for its 
formation. 

In proportion as the snrfacc of the lead becomes depressed by its constant oxidation, 
and the continual removal of the resulting litharge, more metal is ad/led from the 
melting pot, so as lo raise it to its former level, and in this manner the operation Is 
continned until the lead in the bottom the test has become so enriched as to render 
it necessary that it should be tapi>ed. Tlie contents of the test are now so far reduced 
in volume that the whole of th« silver contained in the rich lead operated on remains 
in combination with a few hundred weights only of metal, and this is removed by 
carefully drilling a hole in the bone-ash fonning the bottom of the tost The reason 
for the removal of the rich lead, is to prevent too large an amount of silver from 
being carried off in the litharge, which is found to be the case when lead containing 
a very large amount of that metal is operated on. 

When the rich lead has been thus removed, the tapping hole is again dosed by a 
pdlet of bone-ash, and another charge immediately introdaced. 

As soon as the whole of the rich lead has been subjected to eupellatlon, and has 
become thus frirther enriched, the argentiferous alloy is itself similarly treated, either 
in a fresh teal, or in that employed for the eoneentratkm of the rich lead. The 
brightening of pure silver at the moment of the separation of the last tmesi of lead, 
indicates the precise period at which the operation should be terminated, and the blast 
is then turned off, and the fire lemoved from the grate. The silver is now allowed 
to set, and as soon as it has become hardened, the wedgea ore removed from beneath 
the test, which is placed on the floor of the establishment When cold, tha silver 
plate ia detached fnm the teat, sad aoy adhering particlee of bone ash rsmoved by 
the aid of a wire braA, ... , . 

A test friroaoe of ordinarr dimensions requires frur its construction abont 11,000 
■nMnnian WeloL >,000 Md U toDi of A furMM of thil kind 

willvork oflMdpw koor. and eonfuM 4 «wtf. of oimI per im «{ riOi 

lead operated on. 

Tke oMt of working a ton efiicdi lead h tlM arMbomkood of NewtMlI*, «00« 
tabling on an aversge 400 oi. Of Sllter per ton, is 4s fbuowl *. — 
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Ptgt 1099 , 1100 . abd 1101 , ropretent an eleTMtion, pliw, and MCtwn of » 
furnace, ▲, fireplace i, B, aah-pit » c, firebridge; n^ teit*nogi abown » Iti 
positton , B, fioea , r, point wnere blaat entera , o, * 

jng-holw an uud for latradudng the lead la epMi In whWh H li lot lidad tafie fba tail lad 
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Reducing.^The reduction to the mctalUc state of thi ISlhifge from the refinerir, 
the pot droee» and the mixed metatlio ox idea firom the M)dBin| fiiniaee^ k cflRmied in 
a rererberatory apparatua, lomewhat reeemhUng a imelthtf mmitoe> except that its 
dimensions are smaller, and the sole, instead of being loweit immediate^ below the 
middle door, gradually slopes from the fire-hrid||e to near oe flue, whitw there is a 
depression in which » inserted an iron gutter, which constantly tf mains mu, and from 
which the reduced melal flows continuously into an iron pet vieeed by the side of the 
furnace for its reoepcioa, whence it is sahs^nently leded into iliiOttIds. 

Hie litheiwe, or pot dross, is intimately mixed with a qnanfl^ of small coal and is 
charged on that part of the hearth immediately befrre the (ire^bridge. To prevent 
the fused oxide from attacking the bottom of the tbrnacc, and also Ui provide a sort 
of bcdlow Alter for the liquid metal, the aole Is covered by a layer of bitomiaous coal. 

The heat of the furnace quickly causes the ignition of this stratum, which it rapidly 
reduced to the state of a spongv cinder. The reducing gases present in the furnace, 
aided by the coal mixed with the charge itself, cause the reduction of the oxide, which. 
:is8iinting the metallic form, flows through the interstices of the ciuder, and ultimately 
finding its way into the depression at the extremity of the hearth, flows through the 
iron gutter into the external cast iron pot The «urface of the charge is frequently, 
during the process of elaboration, turned over with an iron rake, for the doable pur- 
pose of exiting new surfaces to the actios of the furnace, and also to allow the 
reduced lead to flow off more readil). 

Fresh quantities of litharge or pot^dross, with small coals, are from time to time 
thrown in, io proportion as that already charged disappears, and at the end of the 
sliifl, which usually extends over 12 hours, the floor of cinder is broken up, and aftiT 
being mixed with the residual matters in the furnace is withdrawn. A new floor of 
cinders is then introduced, and the operation commenced as before. A furnace of 
this kind, having a solo 8 feet in length and 7 feet in width, will afibrd, from litharge, 
about tons of lead in 94 hours. 

The dross from the caiciuing pan, when treated in a furnace of this description, 
should be previousl) reduced to a state of line division, and intimately mixed up with 
small coal and a B(xln'U>»h. In many cases, however, the calcined dross is treated in 
the smelling flirnace. The hard lead obtained from this substance is again taken to 
the calcining furnace, for the purpose of being softened. 

The expense of reducing one ton of litharge may be estimated os follows : — 

i, d. 


Wages aC’O 

Coals (3 cwts.) - - • • • - -0 6’3 

Repairs ---....-orG 


Total - - . S 0 8 

In the establishment from which the foregoing data were obtained, the cost of slack, 
delivered at the works, was only 2s. I W, per ton, which is cheaper than fuel can be 
obtained in the majority of the lead -m ills of this country. In North Wales the cost 
of small coal is gtneraliy about 4«., and at Bristol 5s. per ton. 

1102 



1^11M«idU«N,f«Hrt«T*rlieiIieUlMtBd,]uof»^aeincAirnM|l. a, 
An-pbeej D.beuth} a, «orkiag-d«ior< 
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conducting the reduced metal into the jead-pot o, which is kept heated by means of 
a fire beneath. 
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Tlic total cost of elaborating one ton of hard icad, containing 30 oz. of silver per 
ton, ill a locality in which fUol is obtained at the low price above quoted, is nearly us 


follows : — 

£ s. d. 

Calcining - - - - - - - 02 4*4 

(Vystallising 09 6*5 

llefinnig - - - - - - - - 0092 

llcduuiiig— pot dross and litharge - • - 0 1 ()‘8 

Calcined dross - - - - - - - 00 8*0 

Slugs 0 0 5*0 

lloiie-aih, 86C. - - - - - - - 007 *0 

Transjjort, &c. - - - - - - - 011*0 

Management, taxes, and interest of plant - - 0 5 10*0 


Total - - - I 2 3*9 

One hundred tons of hard lead treated gave;— 

T(ini. 

Soft lead - 94*90 

lllack dross - -- -- -- - 3*72 

LobS 1 *38 


Total - - - 100*00 

On comparing the expense of each operation, as given in the foregoing abstract, 
with the amounts stated as the cost of each separate process, they will ^ fonnd to 
be widely difPerent ; but it must be remembered that the whole of the substances 
elaborated are far from being subjected to the various treatments described. 

In order therefore to give an idea of the relative proportions which are pa**^ 
through the several departments, 1 may state that in an establishment in which the 
ores arc treated In the Castilian fhmace the following were the results obtained : 

One-hundred parts of raw ore yield : — 

Roasted ore- - - - - - - -85 

Hard lead 48 

Soft „ 88 

Rich 

Dross and litharge re-treated . . . 18^ 

The importance of this branch of our mctallurgic indnstry will he gathered 
following tabular stateme&ts» chiefly derived from Hr. Hunfi woehle 
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Tablb L 

Showing the Quantttjf Lead Ore raieed o»d mdttd^ avmtffe MetaJdk YM of Ore 
per Cent , and Hatio of head fmdwfd m vanone Parte pf the VrdM 
during Ten Yeara ending 1857. 
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Table II. 

hahmated Value of had and Stlwr consumed in Gteat hiitmut 18 *{ 7 . 
Lead and Kilvtr produced m the United KiiigUoiii ... jCLG70.i'>3 
bilver imported, 84(i,5Gy os - 232, *<08 


l,90d,159 

l^ad exported 22,397 tons, 

„ imported U,7 g8 „ 

lialance of exports - - • • 9 029 * - - 211,838 


Value consumed ..... • :£l, 691,321 

Table III, 


Sdver produced from Orta raised in Greof /InAiin during Fowr Yeara ending 1657. 



1804 

1811 

18 h 

1»A7 

England .... 

Wales 

Ireland .... 

Scotland .... 

Isle of hlan .... 

Os 

419,824 

67,051 

18,096 

5,426 

52,2Gi 

Os 

439,983 

57,521 

7,252 

4,947 

61,597 

Os 

481,909 

62,357 

3,700 

5,289 

60,382 

Os 

417,343 

58,097 

3,071 

4.206 

48,016 

Total - . . 

562,659 

561,300 

613,637 

5.50,733 

Value at 5e. Gd. per ox. - 

£184,730 

154,357 

188,780 

146,501 


Market Yalno of lead produced In the United Kingdom in 1857 - £1,523,652 

Ditto of filver 146,501 


1,67(V509 

It may be remarked that ibr the treatment of ores of good prodooe the vererbera- 
tory famace and Sootch hearth are to be preferred, but for working roioerale of a 
low percentage tbe blast ftimaee may generally be substituted with adrantage. 
The slag hearth, from the amoant of ftiel consumed and loss experienced, b a somewCat 
expensive apparatus, and might m many casei be advantageously exchanged tor the 
Castilian furnace. 

It is well known that the leasetirbich take place in thia bmiob of mat^^iiiff trs^ 
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LEAD ORES, ASSAY OF. 

from the volatility of the metal operated on, nnuiually large. In thoae establish- 
ments, however, in which due attention is paid to duxes and a pr^cr admixture ot 
ores, os well as the condensation of the fumes, a great economy is effected. 

In some instances flues of above five miles in length have bcim constructed, and the 
most satis&etory results obtained. The attention of lead smelters is being daily more 
directed to the prevention of the loss of metal by volatilisation, and those who have 
adopted the use of long flues have been, in all cases, quickly repaid for their outlay. 

As an example of the great extent to which sublimation may take place on the scale 
employed in large smelting works, we may mention the lead works belonging to 
Mr. Beaumont in Northumberland. Formerly the flimes or smoke arising from 
various smelting operations escaped from ordinary chimnevs or short galleries, and 
large quantities of lead were thus carried off in the state <n vapour, and deposited on 
the surrounding land, where vegetation was destroyed, and the health of both men 
and other animals seriously affected. This led to various extensions of the hori- 
sontal or slightly inclined galleries now in use, and the quantity of lead extracted 
rapidly repaid the cost of construction. The latest addition of this kind was made 
at Allen Mill, by Mr. Sopwith, the manager, and completed a length of 8,789 yards 
(nearly five miles) of stone gallery from that mill alone. This gallery is 8 feet 
high and 6 wide, and is in two divisions widely Separated. There are also upwards 
of 4 miles of gallery for the same purpose connected with other mills belonging to Mr. 
Beaumont in the same district, and in Durham ; and we learn from Mr. Siopwith, 
that further extensions are contemplated. The value of the lead thus saved from 
being totally dissipated and dispcrst'd, and obtained from what in common parlance 
might be etilled cbtmney sweepings, considerably exceeds 10,000f. sterling annually, 
•lid jTorms a striking illustration of the importance of economising our waste productf>. 

lu'lieu of long and extensive flues, condeuBers of various descriptions have from 
time to time been introduced, but in most instances the former have been found to be 
more efiioient. 

When, however, water can be procured for the purpose of cooling the condensers 
excellent results are generally obtained — J. A. P. 

See LiTRABOE, Minium, or Red Lead^ Solder, Sugar or Acetate of Lead, Tyrn 
Mktal, and White Lf.ad. 

JiBAD OIlBSk ASSAT OF. The ores of lead may be divided into two classes. 
'I'he ftrat vlttHH comprehends all the ores of lead which contain neither sulphur 
nor arsenic, or in which they arc present in small proportion only. 

The m'oml class comprises galena, together with all lead ores containing sulphur, 
arsenic, or their acids. 

From the facility with which this metal is volatilised when strongly heated, it is 
necessary to conduct the assay of its oRs at a moderate temperature. ^ 

A common wind rornace is best adapted for making lead assays. For this jiurpo^e 
the cavity for the reception of foel. should be 9 inches square, and the height of the 
fine- way from the fire* bars about 14 inches. For ordinary ores a furnace 8 inches 
square and 12 inches deep will be found sufficient ; but as it is cosy to regulate, b> a 
damper, Uie heat of the larger apparatus, it is often found advantageous to be able to 
produce a high temperature. 

A furnace of this kind should be connected with a chimney of at least twenty feet 
in height, and be supplied with good coke, broken into pieces of the size of eggs. 

Ores of tub First Class. — The a8Ba;|r of ores of this class is a simple opera- 
tion, care Jming only required that a sufficient hmount of carbonaceous matter be 
added to 4|p ihe reaction of the metal, whilst such fluxes are supplied as will afford 
a roadily-^ble slag. 

When the sample has been properly reduced in size, 400 grains are weighed out 
and well mixed with 600 grains of carbonate of soda, and f^m 40 to 60 grains or 
finely -powdered charcoal, according to the richness of the mineral operated on. 


liTiTi 


one-half filled by ihe mixture, and on the top is placed a thin layer of common salt. 
The -crucible is then placed in the furnace and gently heated, care being taken to so 
moderate the temperature, that the mixture of ore and flux, which soon begins to 
soften and enter into ebullition, may not swell up and flow over. If the action in the 
crucible becomes too strong, it must be checked by removal from the fire, * 
due regulation of the heat by means of a damper. When the notion ban inbrided, tbs 
temperatnre is again raised for a few minutes, and the assay oomplisted. Doling th® 
process of reduction, tiie-heat should not exe^ dnU redness t bit in order to co^ 
plete the operation, and render the ilag sufficiently liquid, the temperature should be 
raised to bnght redneee. , 

When the contents have been reduced to a itate of tranquil fMmt the erwbie 
asttst he removed from the fire and the assay either rapidly poured, or, after I wff 
tapped against soine herd body to collect the lend in a single globule, be aet to eon* 



B33 


LEAD OUES^ ASSAY OF. 

W lien the operation baa been 8iicce«ifull> conducted^ the eool«4 ilag will pretent a 
smooth concaec turface, with a vitreoua lostre. When cold fbe OfOiible may he 
broWon, and the button extracted. To remove from if the pattlelei* tif Adhering alag. 
It 18 hainiiicied on an anvil, and aft4 r wards rubbed with a hiurd bmsh. 

Inhti ad of employing carbonate of soda and powdt*rcd charcoal, tho ofo may be 
fused with 1} tiuica JtN weight of black dux, and the mixture coveted by a Ato layer 
of borax. 

Gootl results arc also obtained bv mixing together 4(H> grains of ore with ah equal 
w eight of rurbonate «if soda and half that qoanttty of crude tartar* These ingt^ienls, 
utter h« mg well incorporated, an‘ pl.uu'd iu*a crucible uad slightly cotci* d hya layer 
ol borax. 

hach of the foregoing niethoas yo bU good resnlta^ and mloids slags retaining but a 
HI till It proportion ol lead. 

Dnfis OF TUB CtAfls. Thjg class comprehends galena, which is the most 

i oinmon and abundant oie of lead, and also compritea siiiulrv inetullurgie products, aa 
Well .IS ibo huliiriut 6, phosphines, and arseiiiates of lead 

If ah tut — Tie asMi) ot this ore is saiiously condiutid , but one of the following 
ineihods is usually employed for eorninerciul purjiosis. 

Favton With an alkalmr Jtur, — This o|ierntion is conducted in an earthen crucible 
Mliich ih to ho kept uncovered until its contents are reduced to a state of fierfect ftition. 

The powdered ore, alter being mixed with three times its weight of carbonate of 
soda and 10 percent of finely pnherisod charcoal, is slowly hcatid in an ordinary 
ass I) furnace until the iiiixture has heconio perfectly liqu d, m hen the pot is removed 
fitnii the tire, and. after having been gently tapped, to collect any globules of metal 
hi Id in suspension in the slug, is ])ut aside to cool. When sufficiently cold, the crnctible 
IS broken, and a button of metallic lead will be found at the bottom : this must be 
ele insed and w eighed. 

Ill place of curboniite of soda, pearlosb may be employed, or the fusion may be 
effected with black dux alone. When the last-named substiince is used a somewhat 
longer time is necessary lor the complete fusion of the assay. Each 100 parts of 
pare galena will by this mt tliod afford from 74 to 76 paits of lead. 

Some of the old assayers were in the habit of first dri> ing off the sulphur by roasting, 
uiid afterwards reducing the resulting oxide with about its own weignt of black flux. 

This method, f^oin the great fusibility of the eonipourids of lead, requires very 
careful management, and at best the results obtained are unsat isfuctoiy. Pure galena 
by this method can rarely be made to yield more than 70 per cent of lead. 

Kuwon with metallic imt — Mix the ore to be assayed with twice its weight of 
(MrboDiite of soda, and, after having placed it in |p earthen crucible, of which it should 
oecu| y about one half the capacity, insert with their heads downward three or four 
tenpenuy nails, and press the mixture firmly around them. On the top place a thin 
lay er of borax, which should be again covered with a little common salt. The whole 
ib'uow introduced into the furnace and graduBlIy heated to redness { at the expiration 
of ton minutes the temperature in inercai^ to bright redness, when the fluxes will be 
fused and present a perfectly smooth surfiice. When this bos taken place, the pot ia 
removed fiom the fire, and the iiuils ore separately withdrawn by the use of a small 
pair of tongs, care being taken to well cleanse each in the fluid slag until free from 
adhering leaA When the nails have been thus removed, the pot is gently shaken, to 
collect me metal into one button, and laid aside to cool ; after which it muy be broken, 
und the button removed. 

Instead of first allowing the blags to cool and then breaking the crncible, the assay 
may, if preferred, iffter the withdrawal of the nails, be pour^ into a mould. 

Asnjf in an iron pat —Instead of adding metallic iron to the mixture of ore and 
flux, it is generally better t^t the pot itself should be made of that metaL 

For this pnrpoee, a piece of half-inch plate-iron is turned up in the form of a cru- 
cible and carefully welded at the edges. The bottom is closed by a thick iron rivet, 
vhich is secnrely welded to the sides, and the whole then finished on a properly 
formed mandril. To make an assay in a crucible of this kind, it is first neatw to 
dull redness, and, when sufficiently hot, the powdered ore, intimately mixed with ita 
own weight of carbonate of loda, half ita weight of peailash, and a quarter of ita 
weight of erode tartar, ia introduced by means of a copper scoop. On the top of the 
whole is placed a thin layer of borax, whilst the crucible, which, for the ready intro- 
duction of the mixljore, has been lenioved flrom the fire, is at once replac^ The 
heat is now raised to redness, the contents gradually becoming liquid and giving off 
large quantities of gaa- At the expiration of iVom eight to ten minutes the mixture 
>vilT be in a state of complete fusion } the pot is now partiaUy removed from the fire, 
and its eontenta briskly attrrtd with a amml iron rod. Any matter adhering to its 
aides is al«> scraped to the bottom of the pet, which after being anin pAaeed la a hot 
part of the fhmaee is heated during three or four minutes to bright redness. 

You IL ® 3 H 
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The craoible ie then seued a etroog pair of bent ton^ on that part of the edge 
which 18 oppoeite the hp, and ita contente rapidly poured into a caat iron mould 
The iidee of the pot are now carefully scraped down with a chiael-edge bar of iron, 
and the adhering particles of metallic lead added to the portion first obtained. When 
sufficiently oool^ the contents of the mould are easily removed and the button of 
lead cleaned and weighed By this process pure galena yields 84 per cent of metallic 
lead, free fi’oni any injurious amount of iron, and perfectly ductile and malleable 
'1 his method of assaying is that adopted in almost all lead smelting establishments, 
and has the advantage of affording good results with all the oies belonging to the 
second clau 

Atnay in Oie if on dish — In some of the mining districts of Wales, the assay of 
lead ore is conducted in a manner somewhat different to that just described Instead 
of fusing the ore in an iron crucible with carbonate of soda, pearlash, tartar and 
borax, the fiision is effected in a flat non dish, without the admixture of any sort of 
flux-J A P. 


Lead OrSf Lead, and Stiver produced since 1857. 



I esd Ore 

Lead 

Silver 


tons 

torn 

ounm 

l‘^58 ... - 

95,855 

68,303 

569,145 

18 9 - 

91 i81 

b3,233 

576 027 

ISbU - - - 

89,081 

b),525 

549,720 

1861 

90 696 

65,64 1 

569,530 

1869 

95, U1 

69 01 ) 

b86 123 

f863 

91 283 

68 220 

634,004 

T8b4 

94 433 

67,081 

641,088 

18b 

90,452 

67,181 

724,85b 


The lead ore of 1865 was obtained from mines m the following districts — 

turn, cwti 


C 01 n wall and Devon - - - 


- 8,394 

3 

bomersitHhii c - - 


- 1,050 

0 

bhiopshiie - • - - - 


- 3,715 

12 

lorashire ----- 


- 7,618 

2 

('umberland and Westmoreland 


- 8,054 

6 

Durham and Northumbei land 


21,501 

14 

Derbyshire and Staffordshire - 


- 6,579 

0 

Walls ------ 


- 25,008 

18 

Isi L OF Man . - - - - 


- 3,143 

0 

IllLLAND . . . - - 


- 2,023 

12 

bCOTLANP ----- 


- 2,3b3 

17 


Ltad imported in 1863 and 1864 




1863 

1864 



Toni 

Computed 

renl value 

Toni 

Computed 
leat Value 







Iicad ore 

Pig and sheet iron - 
Lead, red 
„ white 

- 

878 

28,604 

SI 

31 

^9,658 

559,057 

688 

849 

8,015 

80,616 

8 

64 

/ 13.532 
611,273 
167 
1,609 

„ acetate of 


cwti 

764 

1^00 

ewU 

1,728 

2,806 

„ litharge - 

. 

torn 

304 

5,780 

tons. 

509 

9,763 

„ manufactures of, 
merated 

unenu- 

cwti 

1,149 

3,486 

cwti 

1,001 

4.879 
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TXA.l>-SnOT (HM de Chaue, Fr s Seknt, FtwiittuekM, Gom ) Tb« origin 
of moat of the imperfectiooe in the Tuanafhcture of lead ibot k the too fanfig eoolmg 
of the ■phernlM hj tbcir being dropped too hot loto (he wttef» wheioby tbrivenrihoei 
form a solid ernst, while theirlntenor rematu fluid, ami in ili«|bs«qaeiireoitorelioiii» 
shrinks, so as to produee the irregularities of the shot 
'1 he patent shot towers ongmally constmeisd In Knglaiid eMate ibie evil by ex* 
posing the fused spherules a^er they pass through the lulleiifliei to n laige body of 
air during their descent into tbe watt r tub plaeed on the ground 1 he hijriMWt eiwo 
tinn of this kind is probably at Villach in Carinthia htiiig 040 \ lenna, «»i 349 BaMiih 
flit high 

I hi quantity of arsenic added to the mass of melud Uad variiw ar< ording to the 
quaUty of this mital , the harder and Kf4 dueiUe the lead is the tnon arsenic must 
be added About \ t>ouoda of either white aimlo or orp meat is tnough ior one 
thousand parts of soft lead, snd about 8 for the eoaraer kinds 1 h latu r are em 
pluy<d preieraVv tor shot as they are cheaper and answer MiAciently well Tbe 
ii^Lniciii alloy is uiaJeeithci by introducing some of this substance at each melting, 
t by making a quantity ol the compound consider 1 hi v stronger at once, and adding 
Mrtain portion of this to each charge of lead it the particles of the shot apptar 
i( ih «<haiK>1 It IS a proof that tbe proportion of aistnic has been too great, but 
I t}K\ ai( flattemd upon one side, if thiv art hollowed in their muldh, called 
f ijtf mq by the workmen ni drag with a tail be hind them, tbe propuiti >n of ars* me is 
to aiiiall 

I hr following lb the pi or < as prescribed by tbe patentees, Ackerman and Martin 
Mr It a ton of s ilt Itnd iiul spiitikk n und its sides in the iron ]K>t about two shovel 
fulsot wood isliis, taking (irr to have thetentri clear then put into the middle 
ilour 4(1 pounds of arsinie to form a rich alloy with the had Cover the pot with 
ill MOD lid, and lute the loiiits quickly with loam or mortar to Confine the arsenical 
^ apours, kicping up a mo leratc firt to maintain the miaturr fluid for three or four 
hours after w hu h skim irr fully, and run the alloy into moulds to form ingots or pigs 
J he cuiiipobition thus iiiude is to be put mthe proportion of one pig or ingot info 1000 
I lunds of melted ordin iry lead. When the whole is well combined, take a perforated 
skimmer, and let a few drops of it fill from some height into a tub of water If they 
do not appear globular some more arsenical alloy must be added 

Lead which ciintains a good deal of pewter or tin must be itjectcd, because it tends 
to pioduce elongated drops or tails 

1 roni two to three tons arc usu illy nulted at onc< in the large establishments The 
s irface of the had gets covered with a crust of oxide of a white spongy nature, somt - 
iimcN culled cream by tbe workmen which is of use to coat over the b (torn of the cal 
kndi r because without such a bed the heaty melted lead would run too iu)>idl> through 
the holes for the granulating process and would form oblong spheroids Ibe mount 
ing of this filter or lining of the cullender is reckoned to be a nice operation by the 
Wf iLinui and is regarded usuall> o'- s valuable secret 

1 he cullenders are holii v lumi ditres of sheet iron, about 10 inches in diameter, 
perforated with holes, w huh should be perfectly round and free from burs These 
must I e of an uniform size in each cullender , but of course a series of different ciil 
lenders with sorted holes for every diflerent size of lead shot must be prepared 1 be 
bobs have nearly the following diameters for the annexed numbers of shot 

No 0 ... - ^ of an neb 



From No 5 to No 9 the diameter decreases by regular gradations, tbe latter being 
sk of Au inch 

The operation is always earned on with three cullenders at a time , which are aup- 
ported opon proiecUng grates of a kind of chafing dish nnde of sheet iron somewhat 
like a triangle This chafing dish should be placed immediately above the faU| while 
at Its bottom there must be a tub half filled with water for receiving the graonlated U ad 
The cullenders are not in conUct, hot most be parted by burning chsrcoal m order to 
keep the lead constantly at the proper temperature, and to prevent its solidifying in the 
filter Thetempemtnre of tbe lead hath should eary with the site of the shot, fbrthe 
largest, it sboald be such that a bit of straw plnn^ into it will V scarcely browned, 
bnt for all it should be nicely regulated 1 he height from which the parucles thonld 
be let fhll vanes likewise with the sue of the shot, as the oongelattoo is the mm 
rapid, the smaller they are. With a Ihllof S3 yards or 100 feet, from No 4 to Nat 
may be made Imt fiwr larger sixes, I W feet of height will be required 

Sax 
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Everything being arranged as above described, the workman pats the filter-staff 
into the ciilkndcr, pressing it well against the sides Ife next pours lead into it with 
nil lion ladle, but not in too gicit quantity at a time lest it should run through too 
i 1st 1 he shot thcieby formed and found in the tub aic not all equal 

X he centre of the culU ndei being less hot affoids larger shot than the sides, which 
arc eonstantly siii rounded with burning charcoal Occasionally, also, the time cul- 
lenders employed togethci may have holes of different sizes, in which case the tub 
may contain shot of vc ry various magnitudes 1 hese are separated from each other 
by square su vis of dificient fineness, 10 ii ehes broad and lb inches long, their bottoms 
be mg of sheet iron pierced with holes of the same diamc ters as those of the cullenders 
'Ihcs sieves are suspended by means of two bands above boxes for reteiving the 
shot , one suve bung usually set abo\c another lu consecutive numbers, fur instance 
1 and 2 The shot iKiiig put into the upper sieve. No 0 will remain in it , No 1 will 
remain in the lowii sieve, itid No 2 will with til the othtis pass thiough it into the 
chest lu low It is obvious that by siibstitutiug sieves >1 successive fineness, shot of 
an> (linn iisions may be sotted 

111 the prccdliri ' pioetss the sh >t has lutii sorted to si/t , it roust next be soitcd to 
foini, so ih t > s palate all the spin tends which aie not truly leuirid, oi art defective in 
iiiv respeet J oi tins put post a bo ird is iitade use of about 27 inches long and lb 
bioad fill lush (I pii tally with uinight Icelges , upon this tiay a handful or two of the 
allot to b oiUd being laid, it is intlmed very slightly and gently sb ikeu m thehori 
zontil eliiet ni, when the glob il n piitieles luu down by one edge, into a chest set 
tMcceive tin ni, while tlios of iiiegulai foiins icin tin on the sides of thetiay, atil 
aie reserved t > be ie imlted 

Aftei bem^ soited in this way, the shot requires still to be smnotbed and polisbid 
blight This oh eet is ctTectcd liy putting it into a small octagonal cask, through a 
door in its side, turning upon i heinzontal iron axis with rests iii plummet boxes at its 
en Is and is made to revolve by any mcchmical power A certain quantity ot plumb igu 
oi black lead is put in along with the shot 

LEAD, CARBONA I E OP .^ec Wiiiif Lpad 

LEAD, NX CRA I E OF (Nittate dc plomb^ Fr , Stdpeteraautea Uetoanfd, Oerin ), 
is made by satmatiiig soinewbat dilute nitric acid with oxide of lead (litWge), eva 
piritiiig the niutial solution till a pellicle appears, and then exposing it in a hot 
ehanibei till it be converted into crystals, which are sometnfics transparent, bat gene- 
1 ally op ique white octahi drons X hi tr spec grav is 4 068 , they hav e a cooling, 

swictish, pungent taste They dissolve in 7 parts of cold, and in much less boiling 
waiti , they fuse at a moderate elevation of temperature, emit oxvgen gas and piss 
into oxide of lead Their constituents arc 67 3 oxide and 32 7 acid Nitrate ot lead 
18 much employed iii the chrome yellow style of Calico printino, whiih sec 
Theie ate three othei compounds of nitric acid and lead oxide , viz the bi basic, 
the tn bisic, and the sc basic , whteh contain icspectively 2, 3, and 6 atoms of base to 
1 ot ae id 

LLAD, OXICIILORIDE OF A white pigment patented by Mr Hugh Lee Pat 
tinson of Newcastle, which he piepaies by piecipiiatiiig a solution of chloride of lead 
in hot watei with pure lime watei, m equal measnics, the mixture being made with 
agitation As the opciation of mixing the lime water, and the solution of chloride of 
lead, leqiuies to be pertormed in an instantaneous manner, the patentee prefers to 
employ Im this propose two tumbling boxes Of about 16 feet cubic capacity, which 
aie cluOB with the two liquids, and siinultaneously upset into a cistern in which 
oxichloPlfio ot lead is instantaneously formed and from which the mixture flows into 
other (isteins, where the oxiehlonde subsides This white pigment consists of one 
atom of chloride of leail and one atom oxide of lead, with or witnout an atom of water 
I<EAD, SAIi rS OF The salts of lead, beyond those already named, which rater 
Into any of our manufai tnres, are few and unimportant Urea Dtetmauy 
mistry should be consulted foi them. ^ , 

LCATUER (CMir.n ; Ltdtr, 0«nn , Amt, Dutdit Zoifar. DtniAt l^> 
Swedish I CuojOt Italian , Cuero, Spanish , Kuaha, Russian.) This substance con- 
sists of the skins of animals chemically ohaug^ by the process called Isastsy 
Throughout the civilised world, and feom the most ancient timea thia anhatonce bai 
been emploved by man for a variety of purposes. Barhoroda and savage tnl^ ^ 
the skins of beasts os ahna; civilised man renders the same suhatanee unaltoniw by 
the external agents which tend to decompose it in its nataral state* and by a vann«} 

of peouliar manipulations prepares it for almost innumerabte applicstlons. 

Although the preparation of this valuable substance m a rude mannar has 
known from the most ancient times* it wss not nnttl the end of the lost* apA the ^ 
ginning of the present century ( 1800) that h began to he maoulkotnvid WJ" 
|>rinei0es, m consequence of the researches of Macbndc, Deyeux* Scgttitt*aodIJa^ 
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Sknib nmy be converted into leather either with or without their hair; generally, 
how ever, th hur ib removed. 

The moat important and costly kiiida are com prised under «o1e [• ather and upper 
leather, to which may he added harneaa leather, need lu maohimry, leatmr 
hose, &c , but as far as the tanutr is concerned, thos are coRipri'heiided atuioat en- 
tirely in the kinds known as upper leather. 

The active principle by which the bktna of animals arc prevented fn^m piitref} ing, 
and at the same time, under some modes of preparation rendeitd c^mpaiatisely ini- 
pii vions to water, is culled tanmn, ui tannic acid, a prc>pLrij U nod in ilte bark of the 
saiious speiies of Quen us, but capeeially plentiful in the ;ril) out Morii obtained 
pure, as it may casih In fiom tie g nut, by chemiral im tna imi>u k .dappi'iirs as 
bliHill} yi llowish, almost a ciiloiiiU « mass leadiiy soIuMl m w iter , it precipiiates 
geUtin fioin solution, tornnng whit has been called tannnn! t n lannic ncid also 
precipitates ulhumeii vid starch. There can belittle iliiltiijlii ifiiu knowing the 
rb OH al coiiiti nation jii t nltuded to. in ttndi ratanding Me pn. u and sti iking 
ji prodt OH mini tl subst ime in the formation r I u ilici The bide or bkm 
c MiMhtb )nucipnll} of gi^lutiu, tor wliih the i tb astringent taiinm has an 
a(lLHtv,and the chem lull union of these siibstanitb n tin piocess of tanuing pro 
diieih the usefni articli of which we arc treating 

Before entering upon thcvaiious proccbses b} wlmh the changcb nrr effected on 
till animal fibn, it ina\ not lu ii inn tore sting to hprak oi some ot the principal us- 
tringuits Ubed toi th* purpobi oi profliiuiig these i fleets 

Birk obtained fiom tin oik-iiu is the most valuable and themost extensneU used 
ingiedient in tanning, and lot a long tune no other substance was used in England 
tor the purfiriM lu tonse(|ucnce ot the demand having become ser> much gteatei 
than the supply, iind the consequent increabe in the price of the article, it became 
mcchbary to iiucstigate its pioiH.ttt<s, in older, if po>^sible, to furnish the required 
quantity of tanning matter from other sources. Among other substitutes which 
wtre tried with some biucess in other countries may be mentioned heath, myrtle 
lettvee, mid laurel lenvee, Itmh tree bark, and (according to the Penny Cyrlnpmdia') in 
176.'i oak sawdust was applied in England, and has since been used io Gennany for 
this purpose. 

Investigation proved that the tanning power of oak bark consisted in a peculiar 
astringent property, to which the name of tanmn has been gi>en, and this discovery 
sngg^trd that other bodies possesbing this property would m suitable substitutes. 

According to Sir H. Davy the following proportions of tannin in the different sub 
stances mentioned will be found: — lbs. of oak bark are equal to 2^ lbs. of galls, 
to 3 lbs. ol sumach, to 7^ lbs. of baik of Leidestar willow, to 11 lbs. of the bark of the 
^anish chestnut, to 18 lbs. of elm bark, and to 21 lbs. of common willow bark,** — 
Penny Cychpeedia, 

Oak bauk contains more tannin when cut in spring by four and a half times, 
than when cut in winter; it is also more plentiful in young trees than in old ones. 
About 40,000 tons of oak bark are said to be imported into this country annually, 
fioin the Netherlands, Germany, and ports in the Mediterranean. The quantity of 
English oak bark used we have no means of ascertaining. It is prepared for use by 
grinding it to a coarse powder between cast iron cylinders, and laid into the taopits 
alternately with the skins to be tanned. Sometime^ however, as will be hereafter 
notice^ an infbiion of the bark in water is employed with better effect 
Mimosa.— The bark and pods of several kinds of Proeopis, the astringent properties 
of which have rendered them saluable in tanning, are known in commerce by Una 

1104 1105 


name. The Mimoam are a dt viskm of the legMaiiioas older of plants, whidi ee<«iita 
of a large number of speeiea, the Acacia being the prinoipaL The eenaiUwe ylneta 
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bvloDg to thil diTiiion. The proposib is found in India and South America ; the geniw 
consists both of bhriibs and trees. 

Valonia. — T he oak which produces this acorn is the Qurreun or great 

prickly cupped oak {Jiys 1104, no.'s). These arc exported from the'Morea and Ia*- 
vnnt ; the husk contains abundance of tannin. 

Cateouu, or Terra lapanica^ is the inspissated extract of the Acacui catechu. At 
the tiiiu* the sap is most perfectly formed the bark of the plant is taken off, the tree is 
then felled, and the outer part removed; the heart of the tiee, which is brown, is cut 
into pieces and boiled in water ; when sufficiently boiled it is placed in the sun, and, 
subject to vui ions manipulations, graduallj dried. It is cut into square pieces, and 
much resembles a mass of eartli in appearance ; indeed it w 'is once considered to be 
such, henoe the name Terra Japotunt, 

We give Sir II. Dav} 's analysis ; the first numbers represent Bombay, the second 
Bengal catechu : — 

Tannin - - - - - - - lOO - - 07 

Extractive - - - - - -C8- - 7* 

Miuilugc - - - V . - - 1.‘3 - - lt» 

Impurities - - - - - -10- -14 

This astringent is also obtained from the Uncarta Gamhir. 

Divimvi is a leguminous plant of the genus Casalpinia, C. coriana. The legumes 
of this species arc extremely astringent, and contain a very large quantity of tannic 
1105 and gallic acid; they grow in a 

very peculiar manner, and become 
^ curiously curled as they ni rive to 

^ perfection. The plant is a native 

^ of America, betw ecn the tropics. 

Fuf 1106. 

i^LMACH is a plant belonging to 
genus Rhus ; several of the 
\ ^ T W- ~ species have astringent properties ; 

Fhus coiinuM and Hhtu eonana 
/ arc much used in tanning; the 
^ bark of the latter is said to be the 
^ onl} ingredient used in Turkey 

for the purpose of converting 

gelatin into leather. That nsed 
in this country is ground to a fine powder, and is extensively applied to the production 
of bright leatner, both by tanners and curriers. 

Many other vegetable products have been from time to time proposed, and to some 
extent adopted for the same end, but they need not be enumerated. 

The process first attended to by the tanner is simply to soak the skin or hide in 
water; those from the home market may be said to be washed merely, as they remain 
in water only a few hours; while hides imported from foreign countries, and which 
have been preserved by salting or drying, and especially the latter, require soaking for 
a longer period, in order to render them supple, and beating or mbbing materially 
assists in bringing them to the required condition. 

After removing the horns, the softened or recent hides are laid in a heap ftir a short 
time, after which they are sospended on polef in a close room called a smoke-house, 
heated above the common temperature by a smouldering fire. In these 

ciroumimifts, a slight putrefaction snperveues, which loosena the epidenniii B^d 
renders the hair easily detachable. This method for removing the hair is by no mesne 
general in this counti^. The plan adopted is to place the hides fad a larm 
pit, containing milk of lime, in which they must be moved ftequently, to ^ow the 
lime to act equally on every part When the menstruum has taken proper 
hair is easily removed, and for this purpope the hide is spread out, and a Mont tool 
is worked over the surfkce. The hair being removed, the hide >> waahed in watorto 
cleanse it ftom the lime, which must he most tborongbty eflboted* . . ^ 

The heaviest hides are lor the most part tanned for sole Idathes, and M the cluna^ 
parts are cutoff previous to their being prepared ftir sale, they hwneneeitwdth e nage” 
hutts or baeke s the vanom processes through which these pats wDI be flwt 

After removing the hair and washing, the bides are planed oA# oenvea beam IJV* 
1 107 ), and woihfS with a eoneave tool with two handles iflg* 
any fiesh or Uthy ntatter which may adhere to them ; tide hek«4fine 
on the same beam, on the grain aide, to drive out thegiwase ano reasove Wf tsawwp 
hair. The Jfeakmpe are pressed Into eakes and sold nr making glue, he m 
portions of the bide or skin as cannot bo coitveaienf^ worked, The Wfjk 
pimimrs^ to be used in their mortar; and the Olio for the hakv 10 
nnfl others requiring such materials. 
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Saeh hides UB arc designed foi machinery pitrposea art next iinmerseil in a pit con- 
taining wattr impregnated with sulphuric ocidi the acid varying fin>rn 1| tp of the 
mixture Thu process is 
called niwuip, because it dis- 
tmds the pores, and makes 
the fibres swell, so fw to be 
come more susceptible of the 
action of tanning infusions. 

Forty eight boms in general 
B ifficc for this operation, but 
more tune may bt saft 'y taken 
1 lom the term lai* ng it will 
U concluded that the stib- 
staiiieofthc bide IS 11 leased, 
ai I this IS th< fact hut ss 
il f^ciitino nor imit is d 
It IS Slid that the shoiinakirH 
1 iinmer would condense the 
1 <tii( r so much that it would 
lo^ ui> BuppiMkd lUsantagi 
iiisiDg out of this incrensc in 
thukmss There IS liowevii 
a mi t hod of augmt nting the suhstance of sole leather called pi(^np, whicli, when once 
conmiuuiLated appeals to t xist permanently , the process is known to n small c\t( nt 
onlv and tin m itiiul ishiid to 1 h considerably injured by this mode of preparation 
^ hill the liidts are sufficiently ratseif, they are transferred to a pit supplied with a 
weak infusion ot liark here tht y nre handledt at first several times a day, that is, they 
are drawn out of thi p ts, or moi ed tip and down in the liquor^ to previ nt the grain 
from being diawn into mi inkles As the onze or tanning infusion, takes effect, they 
aie put into pits containing stronger liquors, and after a month or six weeks they are 
placed in a pit, in which they are stratified with oak bark, gioimd by a proper mill 
into a coarse powder The pit is then filled with nn infusion of bark In a month 
or file weeks the tanning and extractive matur of the bark will have intimately 
combined with the animal fibre , the pit, exhausted of its virtuci most be renewed by 
taking out the spent bark and repeating the dose as in the first instance The bides, 
which were placed at the top of the pit at first, are now put into the bottom, to equi- 
lise the action In about three months this also is spent, and the process being 
repeated two or three times more the operation is complete The hides are now re- 
moved fWim the pit, and hung up in a shed. In the progress of drying they are eom- 
preseed with a steel tool, and afterwarda they are sul^ected to the action of a brasa 
roller The steel tool ucalled a pm , it is of a triangular shape (fy 1 109), with the sidce 
scooped out (Jig lllOX presenting three blunt edges. The butt » thrown across a pole, 
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7 to 10 inches in dianiftcr ; is an open box over the roller, into ^hieh weiphts are 
placed to make the necessary pressure, ten or ti»elvecwt bein^j frequentl) used t( r 
the fiurpose ; t, r, foiiiis a tiileiiim foi lifting the roller fioin the btd to the le.itht'r, 
d 16 the lumdle h> 'which the machine is 'woiked When the comjMission ib eoin- 
pleted, the orilv thing reinuiiiing to Ik‘ done is properly to dr> the liathei, and thin it 
is fit for the inaiket. 

home inanufiictiirers place on the bottom of the tan pit five or six inches of spent 
balk, and two oi thiie inches of fresh baik o\cr it, then a hide, and so alteiiiatdy 
bilk and a hide, until the pit is ikui 1> fuU lescrxing a siiiall sjmee at the top for it 
thicker lu^er of bark, over which « lighted boaids an 1 lul, to eemdense the wliolc 
down into the tanning infusion. 

The operation of tanning sole leather bj the above method occupies a jenr or more, 
the time depending on the nature and stoutness of the hide. 

A peifeet le'athcr is recognised by its section, whieli should h'lve a glisten iig 
niaihled appearance*, 'without any white stieak in the middle 

C'/op hults me m inufactuied vei} much like butts, tli.it is to say, the*} .ire placed 
in milk of lime until the hair is suirieiemth loo«>e*ncd, e quality of action being see tin d 
b} occ.isionnll} niOMn^them in the imnstriium ; they are tlnn cleared of the hair and 
other impurities ht \\\o fleshing hmfe, woikcd on the eoinex be.iin nlieady described, 
they arc then fieed from lime b^ thorough washing. The next process is to plunge 
them into a wc.ik oore, from wliiedi tlicj are tnnsferred to other pits with stronger 
ooze, all the while thij arc fieque'ntly hnudltd. that is, moved up and down in the 
iiiliision Alti» a iiiontii or bi\ weeks tlicj are subjected to a miMiire of ground oak 
balk mid stionger ooze in otlier pits, to a seius of which they aic progressively sub 
jcete‘d during two or tliue months. 

The hides are next put into large vats called lapeis^ in which the*y arc snioothiv 
stratified, with more bark and a stiougei infusion. Aiui about six weeks tbev are 
taken out of these vats, and subjected to n new charge of this niatei ml, and allowed 
to lay some two months; this ptociss is icpcated once or twice more till the hides 
are thoroughly tanned. They are tlien slow!) dried in the shed, and folded for 
inaiket. Although in general the stoutest and most compact hides me used as sole 
lenthei* (notwithstanding that they have not been condensed by the tanner, as in the 
ease of butts), yet many are appropriated to other purposes by the (inner, and the 
lighter cow hides are manufactured for the upper leathei of stout shoes, water 
bouts, Ac 

'rhe piocess of tanning sAinf (as calves, seals, &c.) next claims attention. These 
are placed in the lime pits until the hair can be easily leiiioved, a process wbieli 
requires about ten or twelve days ; this being accomplished, they are next washed in 
water so as completely to remove the lime, ns far ns washing can secure its removal, 
ond then immersed in a lixivium of pigeon’s dung, dog’s dung, cr matters of a like 
nature ; in this state they remain about ten or twelve days, the state of the atmo- 
sphere rendering the process quicker at ono time than another ; here also they are 
frequently handled, and trofked on both sides on the convex beam. The working, 
joined to the action of the peculiar lixivium, serves to separate the remaining lime, 
oil, and glutinous matter, and at the same time to render the skin pliant, sort, and 
ready to imbibe the tanning principle. It is important that great attention should be 
paid to the process just described, as too short a period 'would produce a hard and 
crisp lead|tf, while a few hours more than is nebessary makes the article coarse and 
spongy, iPlk of which conditions should be vei7 carefully guarded against. 

The skins are next removed to a pit containing a weak solution of bark, in which 
they undergo ncarl} the same treatment as crop hidea, but thejr are not commonly 
stiutifled in the layers. About three months is usually occupied in tanning oalikkins, 
but of course the stouter the skin the more will be the time required, when dried 
they are disposed of to the currier, who dresses them for the upper leathers of boots, 
shoes, and a variety of other purposes. It is not unusnal for the lighter cow hides to 
be treated like calfskins. 

Horse hides are also treated like calfskins ; but as the horse hide, with the exception 
of the part on and near the animal’s rump, produces a thin leather, U is usual, 
subjecting the hide to the action of the bark, to cut out what is chlled the butt, whi^ 
is tanned separately, and frequently used os an inferior sole leather. It is also to ^ 
remarked that horse hides and kips (the bides of small foreign cattle) are frequently 
subjected to a process called bate shaving^ in which the stout parts are rsducea by n 
ricmer*s knife previous to tanning, the objeci being to secure the Complete infilfriw" 
of the animal fibre by the tannin in every part of the hide In the same time. 

Sheepskins ate usually pressed after tne fOol is remwed, and heftiTe the tgmwjj 
proeesB is coraroeneed, to get rid of the fatty matter contained in them, end wi^ *■ 
not readily removed by ordinary twirJWay. 
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In all till above processes, as tbe animal fibres oti the turfact* o( the skin absoib 
1) ost Toadil) the tanning pnneiples, ntid thereby obstruct, in a e •'tarn dogiee, then* 
pasMgL into the interior fihns, eKp*ci.Ul> ol thick hides, ttbecoinis an object of iin 
poriance to contnse some method ot overcoming that obalacle, and promoting the 
penetration of the tin The hist iiianiifacturer %\ i » appears to hase employed etfica- 
u t III s luiM hanicnl moans of tavoiiniig the ebcmic il oetton vraa Friuieis Spiisbury, 
wlio III April, LHS*). obtained a patent loi tbefolhming operation After the hides 
me freed from the hairs, &c. in the u ual way, thev are inumtel) hi^p'Otid as to their 
honndness, and if an} holes be fmind, tlv^ are ciirifii'U fttwed up, so is to be mitu 
light Thret ft unes of wood aie pnni^^ of efiuil diniensums filf»4to each ollnr, 
widi the edges ot ilu frames held ther by screw b( It* \ skm aho'it tr> be tanned 
IS now laid upon the traiiu and sii * 'u I o\tr it« idgi-, then Uie sivond fruim. is to 
f>< placid upon it, lo that the edgts of ihe twofraiuis may piwch the skin all round 
and hold it SceiiUiv another such skin la then Itretelu 1 ov<.i the upper surface of the 
SI (‘Olid frami* in like manner, and a third finune lx tor upon this, confines the 
I- >.j I skin Iht thn ell aims nn then pinched tiphd'i together b^ a series of screw 
iioiiN ] dssing iiirougii I ai^ sci louiid tin n oiitci ei « »hn*h tW tin skin in a prop* r 
'll oiner lor being opcratid upon b} the tanning iwjii i 

A space has been thus formed between (he two skins, into which, when the finmes 
III set iipiighf, till infusion is introduced by ituans of a pipe from the cistern above, 
while the air is jermitted to eseiipe hj a htopoock below. 'Ihis cock must of coursi 
I'e shntwhenevir the bag is filUd, hut tluMiii* above is left opin to imiintain a 
i 0 nmunicnlinii with the liqnoi cistein, and to allow the hydrostatic prcssine 
to foric the liq lor tluengh the cutaneous poles b\ n slowr iiiflltnitioii, and thus 
to hung tin tain 1 1 into eontaet with all the fibres indisi riminntely. The action 
ot till*, piessiin IS tvin((»d hv a constant perspiration on the outer surfaces of the 
skllic 

\\ hen the tanning is completed, the up|»ei stopcock is closed, and the undi i is 
opi m d to run of! (In Inpior The flames me now leinovi i\ the bolts are unscrewed, 
mnl the pinclmd <d''Cs ot tin skins pared ofi , affer winch they are to be dried and 
liijished in tli<> usual nianner. 

A modifientioii ot this ingenious and cfFectml pimnss wns made the subject of a 
patent, by A^illiain Diake, of Hedminster, taniur, iii Oetobir, 1M31, Thehidis aftir 
tlu usual propanitorv processes, are inititersed in a weak ton liquor, and by fuMpient 
handling or tinning over, receive an meipieiii tanning before being submitted to the 
infiltration plan. 'I'w o hides, as iiearlv of the same size and shape as possible, are placed 
grain to gram, when their corresponding edges are sewed firmly together all round 
by shoemaker’s waxed thread, so as to form a bag sufficiently ti^ht to hold tan liquor. 
This bag must thco be suspended by means of loops sewed to ns shoulder end, upon 
pegs, in such a manner that it may han^ within a wooden-barred rack, and be confined 
laterally into a book form. About an inch of tbe ba|; is left unsewed at the upper end, 
for the purpose of introduring a funnel through which tbe cold tan liquor is poured 
into the bag till it be full After a certain interval* which varies with the qnaliry of 
the hides, me outer surface becomes moist, and drops begin to form at the bottom of 
the bag. These are received in a proper vessel, and when they occamnlate sufficiently 
may be poured back into the ftsnncl ; the bag being thus, as well as by a fresh supply 
ftwm above, kept constantly distcndiKl. 

When the hides are observed to feel hard and firm, while every part of them feels 
equally damp, the air of the tanning apartment, having been always well ventilated, is 
now to be heated by proper means to a temperature gradually increasiog iVom 70^ 
to 150^ of Fahrenheit's scale. This heat is to be maintained till the hues hMome 
firmer and harder in all parta When they begin to assume a black appearance in some 
parts, and when the tan liquor undergoes little diminntion, the bides may be considered 
to be tanned, and the bag may be emptied by cuttinf^ a few stitebea at its bottom. 
The onter edges being pared off, the bides are to be finished in the nsnal way. During 
their suspensTon within the racks, the hides shonld be shifted a little sideways, to 
prevent the formation of ftirrows by the bars, and to ffieilitate the equable ceuon of 
the liquor. 

By this process the patentee says, that a hide may be tanned u completely in ten 
days as it eould be in ten months by the usual method* 

Messrs. Knowlys and Dnethury obtained a patent in August, 182ft, finr aeeelerating 
the impregnation of skins with tannin, by tnspending them in a close vessel, fbom whieh 
tbe air is to be extracted by an air pump, and then the taonmg infusion is to he ad- 
mitted. In this way, it is supposed to penetrate the bide so efftsctnally as to tan it 
unttbrmlT in a dmrt time. 

Danish ieidher is made by tauuing lamb and kid skins with willow haifci wtionoe it 
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Of the tawing w dressing of shine for glovee, and white sheep leather. 


The oporiitions of this art arc 1 , washing the skins , 2, pi opcriy treating them with 
liniP I 3, taking off the fleece, 4, treatment in the leather steep 

A shed erected upon the side of a stream, with a cistern of water for washing the 
skins ; wooden horses for cleaning them with the back of the fleshing knife , pincers 
fi>r lenioving the fibres of damaged wool , a plunger for deptcssing the skins in the 
pits ; a lime pit; a pole with a bag tied to the end of it , a two-handled fleshing knife ; 
a rolling pin, from 16 to 18 inches long, thickened in the middle Such are some of the 
utensils of a tawing establishment There fiiust be provided also a table foi applying 
the oil to the skins , a fulling null, woikcd by a water-wheel or othci power a dress- 
ing peg, a press for squee/itig out tlu fatty filth , a stove , planks mounted upon legs, 
for stretching the skins, Ac 

Fresh skins must be worked immediate!} after being washed and then dried, other- 
wise they ferment, and contract either indelible spots, or get tender in ccitain points, 
so as to open up and tear under the tools When reccned in the dry state they should 
bt* steeped in wat<r for two days, and thtn treited as fresh skins They are next 
strongly rubhed on the convex horse beam with a round-edged knife, in order to make 
them pliant The rough parts arc removed b} the fleshing knife One workm m can 
in this way prepare 200 skins in a da} 

The flesh side of each being rubbed with a cold cream of lime, the skins are pihd 
togetlur with the woolly side of each pair outeimost, and the flesh bkUs in contact. 
'J'he} arc left m this state for i few days, till it is found that the wool may be easily 
removed h} phirking 

They are ntxt washed in running water, to sc pirate the gt eater part of the lime, 
stripped of the wool by small spring twee/ers and then fleeced smooth by means of the 
rolling pin, or sometimes by rubbing with a whetstone Unless they be fleeced soon 
liter the treatment with lime, they do not will admit of this operation subsequently, as 
tliev aie apt to git hard 

They aie now steeped in the milk of lime pit, in order to swell, soften, and cleanse 
them , aftcrwaidb in a weak pit of old lime-water, from which they aie taken out and 
drained This bteeping and draining upon luelmcd tables, ate repeated frequently 
during the spice of 3 weeks Ouly the skins of young animals or those of inferior 
\aliic arc tawed Sometimes the wool is left on, ns for housings Ac 

The skins, alter having been well softened m the steeps, are rubbed on the outside 
with a whetstone set in a wooden case with two bandies, m older to smootbe them 
complitel} b} remoung any remaining filaments of wool I.amb skins are rubbed 
with the pm in the direction of their breadth, to give them buppleness ; but sheep skins 
are fulled with water alone The} are now rcadv for the branninq^ which is done by 
mixing 40lbs of bran with 20 gallons of water, and keeping them in this fermentable 
mixtiiie foi three weeks — with the addition, if possible, of some old bran water. Here 
they must be fieqiic ntl} turned o^ ei , and carefully watched, as it is a delicate operation. 
In the course of tw o dnys in summer, and eight m w inter, the skins are said to be 
raised^ when they sink in the water On coming out of the bran, they are ready 


for the white stuff ; which is a bath composed of alum and sea-salt. Twelve, fourteen, 
nnd sometimes eighteen pounds of alum for 100 skins, form the basis of the bath ; to 
winch two and a half pounds of salt are added in winter, and three in summer. These 
ingredients are introduced into a copper with twelse gallons of water. The salt aids 
in the whjAing action When the solution is about to boil, three gallons of it are 
passed thffigh the cullendei into a basin; in this 26 skins are woikeA one nfte^ 
another, and after draining, they are put together into the bath, and left in it for ten 
minutes to imbibe the salts They are now leady to receive the paste. For 100 skins, 
fiom 13 to lO pounds of wheat flour are used, along with the yolks of 50 egm After 
having warmth the alum bath thiough which the skins have been paawd, ioe flour is 
dusted into it, with careful stirring. The paste is well kneaded by the gradual addition 
of the solution, and passed through the cnllender, whereby it becomes as clear as honey* 
3'o this the yolks being added, the whole is incorporated with much manu al labour* 
The skins arc worked one after another in this paste; and afterwards Ae whole too- 
ther are left immersed in if for a day. They are now stretched and dried npoo 
in a proper apartment, during flnom 6 to 10 days, aooording to the sees o n . 

The effeots of the paste are to whiten the ^ins, to s<^n them, and to proteet wfOt 
from the hardening lufluenoe of the atmoephere, which iroaid aeturallF 
bnttle. They would not hear working upon tiio soflemiw troe, but fl>r the emjijwn 
which has been introduced into their aubstance. With this vlow they ere V 
tub clear water during flve or six minutes, anil then spread sod ir^thid •P** HJ 
bo^. They are increased by this mesni ifl lenitlu indne properties el d W Ji 
bard points must be left lo them. The whitens U also botter hiMghl dll V 
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operation, m UigIi i« p rfoi iiied upon the flesh side. The soltenmg tool ii an iron plate, 
about one foot broad, roiindc'd over above, mounted upon an upright beam, 50 inches 
high, uhioh lb fixed to the end ota strong horizontal planh, sj i long, and 1 broad. 
This plank is heitvily loaded, to make it immoialtle upon the fl<»or wmetimes the 
skins are next spread over an undressed clean skit, upon the hotsc, and worked well 
with the two-h indled kuife, for the purpH^e of reninvTiig the first and ^teoiid epidemiiB, 
called the^eur andorri£?e;/7«Nr b) the French meyissie/e They are then dried while 
stretched by ho<iks and strings. When dry th^ are woi ked on the or 

they arc occasionally polish^ widi piiiiiiee stone A «h liciite yellow lint is given by 
a conipositioii mad* of two parts of lahitefling and one of t»rlir%spplied m a moistened 
state, and well a orkiti in upon *h« run side, Afhi Wu iKilishiKt with piimicc, they 
arc biiioothed wiih a hm non, »s i u Iiindiesst* do In n, whrrtbv the) acquire a 
degrei of Instil, .uni are readi to Ik dtlnered te the t^Un i 

For /lOHsiMgs tin he^ sheepskins are selected, snd Muh as ari coven d with tho 
longest and most beaiititul fleece. They are steeped m v un, in order to lie cleaned 
. Milt* ned '\fui which they arc thinned iiiaide h\ tin ncsliirig knife. They are 
1 ow 5»« **ped in an old t*i m pit for 3 or 4 wlun ih y are taken out and washed, 
'riio are next suh ected tu the white or alum hath, the wool being carefully folded 
w ithin about IH pounds of alum being usihI lor 10(> skins The paste is made as for 
tin Hi teed skins, but it is merely spread npoii tlie.i flesh side, and left upon them for 
IB hours, so as to stiflen Tin 3 are th* n hung up to dr\. They are next moistened 
by sprinkling cold walci upon tluin, tolded up, piled in a heap, and coined with 
hoards weighted with hca\> stout s, in which state they remain for two da}S 'ihey 
Bie next opened with n round iron upon the horse, and subjected to tho stretching 
irou, licing worketi broadwise They are dried witli the fleece Outermost, m the sun 
if possible, and art finished upon the stretchet. 

Calf and lamb skins with their hair and wool are worked nearly in the same manner 9 
only the thicker tht skin, the stronger the alum bath ought to l>e One |K>iind of alum 
nnd one of salt are nqinred for a single calf skin. It is left four da} s m this bath, after 
which It 18 worked ii)H>n tin* i^refeAer, then fulled. When half diy, the skins are opened 
upon the horse In eight da}8 of ordinnr} wintber, they may he coiiipletel} dressid. 
Lamb skins ate sometimes stecfied during eight days 10 a bath prepan d with unbolted 
rvc flour and cold water, in which they are daily mo\ed about two or thrii times 
The\ are then dried, strctihul upon tlu iron, nnd switebtd upon the fleecy side. 

Chamois^ or Shamuy /eat/ur.^The skins are first wraslied, limed, fleeced, and bianncd 
ns above described. 'I hey arc next e/^mrem/, that is, deprived of their epidermis by 
a concave knife, blunt 111 its middle part, upon the convex horse-bcam. The cutting 
part serves to remove all cxcresceiicos, and to equalise the thickness, while the blunt 
part softens and smooths The skins of goats, does, and chamois are alwa}s treated 
m this wa} . The} un* next subjected to the fermenting bran steep for one or two da>s, 
in ordinary weather ; but 111 hot weatlicr for a much shorter time, sometimes only 
moving them in the sour br'^n liquor fot a few minutes. The} are lastly wrung at 
the peg, and subjected to the fiilling null. 

When the skins have been sufli icntly swelled and suppled t>y the branning, tbe> may 
receive the first oil as follows : a dozen skins being stretched upon the table, the fingers 
are dipped in the oil, and shaken over the skins in different places, so as to impart 
enough of it to imbue the whole surface slightly, by friction with the palms of the 
handle It is to the outside or gratn that the oil is applied. The skins are folded four 
together, so as to form balls of the size of a hog's bladder, and thrown into the trough 
of the fulling mill, to the number of twelve dozen at once. Here they remain exposed 
to the beater for two, thiee, or four hours, according to their nature and the state of 
the weather. They are taken out, aired, oiled, and again fulled. The airing aud flil- 
ling are repeated several times, with more or less frequent oilings. Any cheap animal 


oil IS employed. 

After these operations, the skins require to be subjected to a Ibrnientiag prdcaae, to 
dilate their pores, and to facilitate their combination with the oU. Thia is perftMed 
in a chambar only 6 feet high, and 10 or 19 feet square. Poles ssw sQqNmM hori- 
aontoUy a ftw inches from the oelliag^ with hoi*s fixed Ui them lo which tha eUiis ato 
attach^ A someirtiatelevatsdtemperatnM is maintained, and by nihwetfttood be. 
This operation requires great skill and experience. 

The remainder of the epidemiia is next removed by a Mont concave knifli and the 
horse * whereby the aurfkee is not cut, hut rather forcibly . , — • ^ 

The ifciBt m B(w«»MBrfto«aiTy off theiedii^iaii whW. brffcetol 
potash lye, at t® Banmd, healed no hotter than the hand egn bi^ In this they m 
itirred Aiekly, aleepedihr an hhor, and lasUy wrong y the jeg^ Th e eyy Aw 

expelled ia new Ihriafrrior norpoees. The dean skhie after h^g dried am ffnWied 
ftret on the sfrifrAer*tfoa, and then on the koras or etretohing ftimc. 
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Liathcr of Iluntfory. — TIiim is manufactured impregnating strong hides with alum, 
roiiimon salt, and suet , by a rapid process which is usually completed in the spare of 
two months. The workshop is divided into two parts ; 1. A shed on the side of a 
Htrium, furnished with wooden horses, fleshing knives, and other small tools. In one 
eoiner is n furnace with a boiler for dissolving the alum, a \at for inimersing the hides 
m the solution, and several subsidiary tubs 2. A chamber, 6 feet high, by 15 feet 
square, capable of lie ng made very tight, for preserving the heat. In one comer is a 
topper boiler, of suffiLient si/e to contain 170 pounds of tallow. In the middle of the 
stove is a square stone slab, upon which an iron grate is placed about a yard sqiiaie. 
'I'his is covered with charcoal. At each sidi^l the stove are laigc tables, which occupy 
Its whole length, and on which the leather is spread to receive the grease. 'J he upper 
put below the ceiling is filled with poles fur hanging the leather upon to he heated, 
'i'he door is made to shut perfectly close 

The first operations are analogous to those of tanning and taw mg ; the skins being 
wa>hed, cut in halves, shaved, and steeped for 24 hours in the river I'liey aie 
then cleaned with 5 or 6 pounds of alum, and .Sj pounds of salt, for a piece ot liidi 
wliK h weighs from 70 to 80 pounds. The common salt soflons the effect of the alum 
.((tracts the moisture of the .iir, and preserves the suppleness of the skin When the 
uluiti and salt are dissolvcil, hot wafer is pouted upon the hides placed in a vat, and they 
are trampled upon by a workman walking repeatedly fiom one end of the vat to the 
otlu 1 They are then transferred into a similar vat containing some hot water, ond 
similarly tiamplcd upon. They aic neat steeped tor eight days in alum water. The 
same round of operations is repeated a second time 

The skins nie now diied cither m the air, or a stove room , hut before being quite 
dr>, they aie doubled together, well stretched to take out the wrinkles, and piled up 
When dry, they are again trampUsl to open the pores as well os to lender the skin 
plnnt, after which they are whitened by exposure to the sun. 

fallow of inferior qu.ility is employed for greasing the leather. With this view the 
hides are hung upon the poles in the close stove room, then laid upon the table, and 
be sme ai ed with the tallow melted till it begins to crackle. '1 his puce is laid on anothei 
table, IS there covered with a second, similarly greased, and so foith. Three pounds 
ut fat are commonly employed for one piece of leather 

When the thirty strips, or fifteen hides passed through the grease in one opotatiun 
aie completed, two workmen take the first piece in their hands, and stietch it ovei the 
burning charcoal on the grate for a minute, with the flesh side to the fire. The rist 
aie passed ovei the flame in like manner. After^am/nq, the pieces are successively 
laid on ail luclincMl table exposed to the fire, where they are covered with a cloth 
They are finally hung upon poles m the air to dry ; and if the weather be warm, they 
are suspiuided only during the night, so as to favour the haidening of the gnase. 
Instead of the alum bath, M. Curaudau bos employed with ad\antage a steep of dilute 
sulphuric acid. 

Jtussia Itafher — The Russians ha\e long hicn possessed of a method of making a 
peculiar leather, called by them^iir/cn, dyed red with tlie aiomatic saunders wood 
This article has been much sought after, on account of not being subject to mould m 
clamp situations, being proof against insects, and even repelling them from the vicinity 
of its odour The hkins aic fieed tiom the hair or fleece, by steeping in an ash-lve too 
w eak to act upon the animal fibres. They are then rinscKl, fulled tor a longer or shorttr 
time acco^tig to their nature, and fermented in a proper steep, after having been 
washed^^ot water. They are taken out at the end of a week, but they may 
he steepea g second time if deemed necessary, to open their pores. They are now 
cleaned by woiking them at the horse on both the flesh and gram sides, 

A paste IS next composed, for 200 skins, of 38 pounds of rye flour, which is set to 
ferment with leaven. This dough is worked up with a sufficient quantity of water to 
foi m a bath for the skins, in which they are soaked for 48 hours ; they are then trans- 
feircd into small tubs, where they remain during fifteen days, after which they 
wished at the river. These operations serve to prepare the skins for absorbing the 
astringent juices with uniformity. A decoction of willow bark (^Salixciuena and SaM 
raprea) being made, the skins are immersed in the boiler whenever the tempeij^w of 
the liquor is sufficiently lowered not to injure the animal fibres, and^ handlw w 
pressed for half an liour. This manipulation is repeated twice daily during tnc 
}>eriod of a week. The tanning infusion is then renewed, and applied to the laDie 
skuib for another week ; after which, being exposed to the air to dijf they are wwj 
for being dyed, and then curried with the empyreumitio oil of the bark of W 
lice 'I’o this substance the Russia leather owes its peenliarities. Many modw 
beem prescribed for preparing it ; but the fbllQ)iiriDg is the one praotiaed m Eatw* 

The whitish tnembranous epidermis of the blrel^ airipped of all woody *• 
troduced luto an iron boiler, which, when stuffisd fhll. ia covered tiakt with a 
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iron lid, bdviog a pipe rising from its centre A md boiler into which this pipe 
passes without reaching its bottom, is set ovti the hr«t, and is luted to it at the e^s, 
after the two are bolud togtthir 'Ibij ate th* u iij\trt(*d, so that lit** upper one con- 
tains the biiih bark The umU r h lif tit thisapiiataiiu is sunk in earth, the aurfate 
ot the upper Ixnlcr IS coated o\ Cl m ith a clay luit ttf isiirn i iidtd Mith a tireof wood, 
and expcNMdd to a ted heat, till iln distiliatiuii be cuinplctid 1 opiriuoi^ though 
1 ude in appearance, and wasteful of id, ansnt is its p irpos* rit* ti y vyell. The iron 

cylinder apparatus used in Jliitain for disliiling wood s lugu vould, love^ti, be 
iniicli more convenient and productive When the al » ( l>o lux m unliiied, theic la 
Ion d lu the upper one a vtiy light ) owdOr of clmi oil, &i I i tin in h i one, which 
hiivtdRsu n (ci\ci, there is an oilj, brown cniptri u n itu d n I i c*iy strong 
snttli, which lb niiTCfl w h the Ui and which floats o> i a mp i iiuantity of crude 
t negu The toi mcr matter is tin o \ employed to iin]i egi iic tin skins, by working 
It mto the fteshfii Ic with the curiier^s tooik It ih dt'lu il* to nnikc this o I peuetraUs 
with uiiilorMiit} , and the Kitasians do not alwns s ctd in *1 ii pioccss, for they 
I out 111 ii X bkiin in i spotted state 1 his oil iv at piisiiil ubiunicd in I ranee by 
ti'^tilhnK tilt niieli hail in copfiei stills, and conrl nsiag the iimhuts b} me tins of a 
{) p plunaed in cold waf About (U pci cent t tin wtightul the bark is extracted 
The skins imbibe this oil most tqnull} beloic the} au tully dry Cure must be 
t )1 Ml uoi tc* np] h too iiiueh of it, for feui of its passing through and siAining the 
grim side of tlx K ithi i (’lievKiil h ts inxistiaattd th die niical u ituic of this odo- 
rifi ions siibst in< e ami finding it to 1 m a picuhnr compound, has called it IntuUnL 
In the I raiikhn In^titut tor 1 <bruar}, 1841, Mr Giilton 1 le has published some 
)U(iietniis obbirxatioiis in tin piocesb of tmiv^g He believes that tnuib of the 
original gditiru of tin liidis is never coinbiued with the tannui, but is wnsUd, fur 
he tiiinks that 100 lbs ut perfectly dry hide, when cleaned ftom extraneous muttcT, 
bhould, on dieniical principles, aflord at least 180 lbs of leather The usual 
prepai ation of the hide loi tanning he believes to be a wasteful prcMcsi Jn the 
liiiiiiig and bating oi tin iinhainng and the cleansing, the gem rul pi in is first to sleep 
the hides in milk ef lime for om, two, or thtee weeks, aceoidiiig to the weather and 
texture of the skin, until the hair and epidcrmif) be so loosened as to be readily re* 
itiOYcd b} rubbing down b} uieaiisof a knife, upon a beam or block Another mode 
IS to suspend the h di s in a close chamber, lu ited slightly by a sniimldering fire, till 
tlie epidi rniis gets loosened by incipient putrefaction A thud process, called sweat- 
ing, used in Cermani, consists m layingthe hides in a pick or pilt, co\eit*d with tan, 
to promote fernnntative heat, and to loosen thi cpidinnis and hairs. These plana, 
i8)ieclnll} the two lattci, are apt to iiijuie the c)uility of the hides 

The bate consists ni steeping the Imiied hides in a se lution oi pigeon's dung, con- 
taining, Mr. I^e says, muriate of ammonia, muriate of soda, &c , but most probably 
phosphates of ammonia and lime, w ith urate of ammonia, and very ferme ntable animal 
mutter The dry hides are often subjected first of all to the opci ation of the fulling- 
stocks, which opens the pores, but at the same time prepares them foi the action of the 
liming and bate , a<i als i U i Mk introduction of the tunning matte*r. When the 
fulling 18 too TioUiit the liaihi < is apt to be too limber and thin. Mr I<ee conceives 
that the limmg is injurious, by carrying off more or less of the gelatine and albumen 
of the skin, lligh-limed leather is loose, weighs light, and wears out quickly. The 
subsequent fermentation in the bating aggravates that evil. Another process has 
therefore been adopted in New York, Maine, New Hampshire, and some parts of 
Philadelphia, called, hut incorrectly, cool titeatmg, which consists in suspending the 
hides in a subteiranean vault, in a temperature of 50^ Fahr , kept pcrAicUy damp, by 
the trickling of cold spring watei from points in the roof. The* hides being fiibt 
soaked, are auspended in this vault from 6 to 12 dajs, when the hair is well loosened, 
by the mere softening efftct of moisture, without fermentation — H M. 

LEATHER, MOROCCO. {Maroqutn, Fr ; Saffian^ Germ.) Morocco leather of 
the finer quality is made from goat-skma tanned with sumach , inferior morocco 
leather (roan) from sheep skins. The goat skins as imported are covered with hair } 
to remove which they are soaked in water for a ceitain time, and they are then sub- 
jected to the operation called breaking, which consists in scraping them clean and 
smooth on the flesh side, and they are next steeped lu lime pits (milk of linie)^ for 
several days, during which period they are drawn out, with a book, from time to time, 
laid on the side of the pit to dram, and replnnged alternately, adding occasionally a 
little lime, whereby they ore eventually deprived of their hair. When this has be- 
come sufficiently loose, the skins are taken out one by one, laid on convex beams, the 
work benches, which stand ta an inclined posifioo, restiug on a stool at their upper 
end, at a height convenient for the workman's breast, who scrapes off the hair with a 
concave steel blade or knife, having a handle at each end. When unhaired, the skins 
are once more soaked in milk of Hme for a few days, and then scraped on the flesh 
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Ride to render it yerj even For n moving the limo which obstracts their pores, and 
would impede the tanning process, as well as to opin these pores, the skins are steeped 
in a warm scmi putnd alkdine liquor, made with pigeons and hens* dung diffused in 
^gter Probably soim very wiakacid, such as fciuicnfid hran water, would answtr 
as Will, and not bt so cfieiisivc to the workmen (In Germany the skins are first 
washed in a barrel by a revolving axle and discs ) The} are again scraped, and then 
sewed into bags, tlii grain outermost, like bladders, leaving a small onfloe, into h hicli 
the neck of a funnel is inserted, and through which is poured a certain quantity of a 
strong infhsion of the sumach , and they are now rendered tight round the orifices 
after being filled out with air, like a blown^iladder A parcel of these inflated skins 
are tin own into a very large tub, containing a weaker infusion of sumach, whtrt 
they are rolled about in the midst of the liquor, to cause the infiision within to act 
upon their whole surface, as well as to expose their outsides uniformly to the tan- 
ning action of the bath After a while these bladder skins are t ikcn out of the bath, 
and piled over each other upon a wooden lack, whereby they undergo such pressure 
as to force the enclosed infusion to penetrate through their pores and to bring the 
tannin of the sumach into intimate contact, and to foim a chemical combination with 
the skin fibres The tanning is completed by a repetition of the process of intro- 
ducing some infusion or decoction into them, blowing them up and floating them 
with agitation in the bath In this wa} goat sit ms may be well tanned in the coarse 
of one day 

The hags are next undone by removing the sewing the tanned skins are scraped os 
hefoic on the curriers* bench and hung up in the drying loft or shed, they are said 
now to be “ in the crust ' They arc again moistened and smoothed with a rubbing 
tool before being subjected to the dyeing operations, in which two skins are applied 
face to face to confine the dye to one of their surfaces only, for the sake of economising 
the dyeing materials, which may be of several different colours The dyed skins are 
grained b} being strongly rubbed with a ball of box wood, finely grooved on its 
surface 

Preparatory to being dyed, each skin use wed together edgewise, with the gram on 
the outside, and it is then mordanted either with a solution of tin, or with alum water 
The colour is given by cochineal, of which from 10 to 12 ounces are required for a dosen 
of skins The cochineal being boiled in water along with a little tartar or alum for a 
few minutes, forms a red liquor, which is filtered through a linen cloth, and put into 
a clean cask 1 he skins are immersed m thw bath, and amtated in it for about half 
an hour , they are taken out and beaten, and then anbjected to a second immersion in 
the cochineal bath After lieing thus dyed, they are rinsed and tanned with Sicilian 
sumach at the rate of two pounds for a skin of moderate sise The process is pei 
formed in a large tub made of white wood, in the liquor of which the skins arc floated 
like so many bladders, and moved about by manual labour during four hours Ihcy 
arc then taken out, drained, and again subjected to the tanning liquor , the whole pro 
cess requiring a space of twenty-four hours The skins ait now unstitched, rinsed, 
fulled with Dsetles, drained, rubbed hatd with a coppei blade, and lastly bung up 
to dry 

borne manafheturers brighten the colour by applying to the surface of the skins in 
a damp state, a solution ot carmine in ammonia with a sponge , others apply a decoc- 
tion safflron to enliven the scarlet tint At Pans, the morocco leather is tanned by 
agitation with a decoction of sumach m large casks made to revoheupou ahorisontal 
axis, like ^mrrel chum White galls are sometimes substituted for sumach ; a pound 
bei V use 4 |PI a skin The skins must be finally cleaned with the utmost care 

*lf e black dye is given by applying with the brush a solution of red acetate of iron to 
the gram side Blue is communicated by the common cold indigo vat , violet, with a 
light blue followed by cochineal red^ green, by Saxon blue followed by a yellow dye, 
usually made with the chopped roots of the barberry This plant serves also for 
> ellows 1 o dye olive, the ^ins are first possed through a wm solution of green 
vitriol, and then through the decoction of barberry root, containing a little Saxon 
blue Puce colour la communicated by logwood with a little alam ; which may M 
modified by the addition of a little Braxil wood In all theae cases, whenever the 
hkms are dyed, they should bo nnsed, wrung, or rather drained, etretohed upon a 
table, then besmeared on the gram side with a film of linseed oil applied meaM^ 
a sponge, in order to promote their glossiness when cnnied, and to prevent them 
becoming homy by too rapid drying ^ . 

The last process in preparing morocco » the ounying, which hringaoutw 

lustre and restores the onginu suppleness. This operation is pradised m dil Hffuy 
manners, according to the purpose the ekme are to serve For poeket*booki» 
fo 108 and ease making in general, they must be thinned as much as possible upon tM 
flesh side, moistened slightly, then stretched npoo the table, to amcm them i 
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4^1 n, moiitened, and lastly passed two or three ttnies tbrtmgli the evUnder preia in 
different directions, to jirodiice the crossing of the min. Tte skins wtendcd fdr the 
shoemaker, the saddler, the bookbinder, &e., reqntrc more pliancy, and must be dif- 
ferently earried. After being thinned, tbev are glased wnh a polishitr while still 
noist, and a grain is formed upon the flesh sido « dh the roughened lead plate or 
grainer of the curriers, called m French pommelie; they are glased aaew to tomore 
the roughness produced by the pommel, aod flnall} grained on the flaidl aida wUh a 
surface of cork applied under a pommel of white wood. 

Tawing op Suns. (Mtpttttrie, Fr. ; HTciMperAer# • Oemi.) Thf kid, ■beep, and 
lunib skins, arc cleaned as has been dIready deaeribed. In some faetorios they 
receive the tanning i>ower of the submuriate of alitmina ffrom a solution of alum and 
common aalt) in a large harrel-chuni apparatus, in which t hoy are subjected to viotont 
amtatioD, and tbpreby take the alvminy in the course of a fee mbules. In other cases, 
where the yolks of eggs are added to the akuto aolution, the mixture, with the akina, 
is put into a large tuh, and the whole trampled s(rongl) by thf naked feet of the 
o|v ratur, till fbe MiiuUion of the egg be forced into the potrsof the skin. Tl^e tawed 
bkius, when dry, are ^flaked,” that is stretch* d, Kcrapd, and smoothed by friction 
against the blunt edge ofw semi-circular knife, fixed to the top of a short beam of wood 
set upright The workman holding the extremities of the skin with both hands, pulls 
It in all directions forcibly, but skilrally, against the smoothing ** stake.** 

In an entertaining article on tanning in the 11th vol of the Venny Magtizinv, at 
]>ago 216, the following (leMcn[>tioii is given of one of the great tawing estabiishments 
ot Loudon. 

“ In the prodnetioii of * imitation* kid leather, die akin of lambs is employed ; and 
for this piir(»ose Iamb-skins are imported from the shores of the Mediterranean. 
They are imported with the wool }et on them ; and as this wool is valuable, the leather 
manufacturer removes this before the operations on the pelt commence. The wool is 
of a quality that would he greatly injured by the contact of lime, and therefore a kind 
of natural fennentation is brought about as a means of loosening the wool firom the 
pelt” The following is a diwcnption of one of the buildings. ** On the ground floor, 
a flight of stone steps loadb down to a ran^c of subterranean vaults or close rooms, 
into which the lamb skins are introduced in a wet state, after having been steeped 
lu water, * broken ’ on the flesh side, and drained. The temperature of these rooms 
is nearly the same all the >ear round, a result obtained by having them excluded u 
much as (losaible from the variatious of the external atmosphere ; and the result is, 
that the skins undergo a kind of putre&ctive or fermenting process, by which the 
wool becomes loosened from the pelt During this ebemioal change ammonia is 
evolved in great abundance ; the odour is strong and disamreeable ; a lighted candle, 
if introduced, would be instantl) eztinguisbed, and ipjunons effects would be per- 
ceived by a person remaining long in one of the rooms. Each room is abont ten 
feet square, and is provided with nails and bars whereon to bang the lamb-skins. 
The doors all the rooms open into one common passage or vault, and ore kept 
close, except when the skins arc inspected. It is a point of much nicety to determine 
w hen the fermentation lias proc< eded to such an extent as to loosen the wool ftom the 
pelt \ for if it be allowed to proceed beyond that stage, the pelt itself would become 
injured. 

When the fermentation is completed, generally in about five dsys, the skins are re- 
moved to a beam, and there '* slimed,’* that is, scraped on the flesh side^ to remove a 
slimy substance which exudes ftom the pores. The wool is then taken ofl^ cleaned, 
and sold to the hatters, for making the bodies of common hats. The stripped pelts 
are steeped in lime-water for about a week, to kill the grease; and are next **flesM 
on the beam.*' After being placed in a ** drench,” or a solution of sour bran for 
some days to remove the lime and open the pores, the skins are alomed, and nib- 
je* ted to nearly the same processes u the true kid-skins. These MedHerranean lamb* 
skins do not in general measure more than about 20 inches by 12 ; and each one far» 
nishes leather fbr two pairs of small' gloves. These kinds of leather geDerallT leave 
the leather-dresser in a white state ; but imdergo a process of dyeings soAening, 
“stroking,” &e , before being cut up into gloves. 

The tanning of one average-si^ skin requires about lbs. of good Sleilian 
sumach ; but flir leather which is to reeeive a bright scarlet dye, from one half to 
three quarters of a pound of gall-nuts ore employed in preference. Inftrior goet ekiae 
are tanned with a willow bark lofiisioo, in pits, in which they are tamed repeatedly, 
and laid out to drain, as in tanning sole leather. The finest skins for the brightest 
scarlet are oared with salt, to prevent their reeeiving dami^ in the tnmspoit, nnd 
are dyed belbfe being tenned. This nMthod is preetised in Germany and Ftnace. 

XcoiAer of deer and sheep-skins Is prepaied with oil, for the parpoee of staking 
famehee, &e. , and for waab-leather, amd in eleanmg plate. A fter tkey art eompteiely 
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WiiHlitd, limed, and Learned, as above described, they liavc their “ gi am ’’-surface re- 
moved, to give them greater soltticss and pliability. This remo\al of the grain is 
(ailed **friziDg,” and it is done <ither with the round edge of a blunt knife, or with 
poinioe stone Aitet being fiecd from the lime by steeping m fetmented bruii-watei, 
they are pressed us dry us inu} be, and ate then impregnated with cod oil, by beating 
with stocks in tin tiough of a kind of fulling iinil. Pievioubly to the application of 
the oil, they aie usually beat lot some time^ alone to open tlieir substance. The oiled 
skins ate stretched, hung up lor some time in the air, then fulled with oil as before — a 
pioeess which is 8 or 9 tinu s repeated. The oil is slowly and evenly poured upon the 
skins in the trough during the action of that heaters One hundred skins usually take 
up in this way fiom two to thuc gallons of oil The fulled oil skins arc thrown into 
iaige tubs, and left for some time to firment, and thereby to conihine more intimately 
with the ml. They are lastly subjected to a weak potash lye hath, to stiip them of the 
loosely adhering oil. They uie then hung up in the an to dry, and dressed for the 
in irkct — H M 

LEATIinil, KITSSIAN, at, tauned at Kazan The hides to be tanned may be 
either ficsli fiom the animal or dry, no inattei whieh , they nu first laid to soak for 
3 days and nights in a solution of potash, to which some (|niLklimc is added The 
potash used is made of the ticc called in Uuss tlm (the common elm), which sort is 
said to he picfeiable to any other, if not essential , it is not purified, so that it is of a 
brown coloui and of an earthy appearance about 12 poods of this (the pood is 3b lbs 
English and 2 poods of lime, serve foi 100 skins. As they h ive no way of ascer- 
taining tlie dee'rce of causticity of the alkali but by its effect upon the tongue, when 
they find it weak they let the skins he longer in tho solution. 

When the skins arc taken out of this solution they arc earned to the iivcr, and left 
under water for a d ly and a night 

Next a \cdro of dog’s dung is boiled in as much water as is enough to soak 50 skins, 
(tho vedro is equal to 2 b9(> Luglibh imperial gallons) but in the wiutei time, when 
the dung is fiuzcii, twice that qu intity is found ncccssdry The skins are put into this 
solution, not while it is boiling hot, but when at the heat which the hand can bear, in 
tins they he one day and one night. 

The skins are then sewed up so as to leave no hole, in short, so as to he water-tight, 
about one thud of what the skin will contain is then hlb d up with the leaves and small 
twigs chopped together of the plant called m Russ Tolokiianka {ArbuiuB uva-vftn, 
sometiines e«i!led bear berry), whieh is brought fiom the environs of Solikamskagu, 
and the skin is thou filled up with water. 

The skins thus filled aie liid one on the othei in a large trough, and heavy stones 
upon them, so as by their weight to press the infusion through the pores of the skin in 
about 4 houis , yet, as it was said at the same time, that the skins are filled up with 
the same watci which had been pressed out 10 times successively, and that the whole 
operation takes but one day and one night, this leaves but 2} houis foi each time. 

The skins are then taken to the river and washed, and arc ready for the dyeing. 
The whitest skins aie laid aside for the red and yellow leather. 

(The operations m dyeing fbllow, but are here omitted.) 

'i'o soften the skins after dy eing, they are harassed by a knife, the point of which is 
curved upwatds — H. M. 

LEATHER, CURRYING OF. The carrier's shop has no resemblance to the 
premises of the tanner, the tools and manipulations being quite different 

Withi|ff|be last twenty or thirty years, many tanners have added the carrying 
biismesARheir establishments, and many corners have likewise commenced tanning, 
hut m each case, an extension of premises is necessary, and the two departments are 
still separate. The advantages derivable firom this arrangement are two-foldr-fij^* 
a saving of time is effected, for as the tanned leather is sold by weight, it is re(|aired 
to be well dried before being disposed of to the currier, an operation which i®,**®* 
needed where the tanner carries on the currying also ; and secondly, by the corner i 
art, the skins can be reduced to a comparatively nniform thickness previous to their 
being tanned, thus saving time and bari (used for tanning), and inauring a more 
equal distribution of tannin through the substance of the skin. In the following 
d(^8cription, the business of carrying will be considered as practised at the present 
time. 

The currier’s shop or premises, to be convenient, should be spacious. A » 

though not universal method, is to have the ground-floor appropriated to such ope- 
rations as require the use of a large quantity of water. The place or 
used, is railed the ocourifip house, and is commonly flirnished with a num^r o* 
or eaahf open at one end, in which the leather is placed for the purpose ofe*‘ J' 
and undci going such treatment as will be herralter described. In this 
IS placed a large, flat, slate stone, called a scowring atone, or, more eonswenttyi 
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•tone Oft ▼hich the leather ieecoured. This stone, which has its Dice perfbethr flat 
and smooth, and which should measure 8 or 9 fl>et id letkglib, ij nmd, formB 
a tuhio, supported generally by maM>nry. bnt sometimes by ft strong mass Of wo^, 
BO constructed, that the water, which is freely used in seoarieie, nioy dim oiir on 
the op]K)8ite side irom thul on which the workinuvi is vagma, an incliiMtlftB of 
about three or four inebts on the width of the table, it suflwWmt tor this punose. 
Another piece of iui niture very fVequently ftmnd ui, or on Me wime /tor malAtfio 
scouring house, is a block of sandstoiu, ni tho farm of a paratlclopiiit don, between 
3 and 8 feet long, and 9 or 10 itichefi hr^d, the up|fer face fd wiiieh if kept dm 
near as possible a poiA‘Ct plane ; this atom is fixid at <i cotrvpiiiein neight on a 
strong tnissel, and is called the rn// < no. because hero ilic >\orkman or sharpens 
his kuircs and other tools, in some large eStahlisbiiients wIicm the promises aud 
\«nter ore heated hv stenm, the scout in(|-hoftfte will be found with a scitico of pipe 
hading to the varinus vats, and the bmler,fbr generating the stc ini, may be cun- 
m or near thi«t |art of the building. 

'1 lioor Hb nt the soounng-house, in the aiiangcTiimt h ie laid down, is uhnt is 
spuiuJIy d< signaled t/ie tAop, The fiarnituro in this d<]tartment consists of a ^m, 

( /tff 11 12) on which the lecher is nhaved. It con 
hints of a heavy block of wood, on which the 
workman staudsi and into one end of which a stktf 
pKii of wood is firmly mortisMl, at an angle of 
about 85°} this upiigiit (ho tailed) is about a foot 
wide, the height being grtali i m less, according to 
the height oi the woiktiian, each of whom has Ins 
beam adjusted to nieit his convenience. On the 
front of the uprtght^ a piece of deal is firmly 
8erewi<d, to which is glued a face or plate of Itgnum 
vtttf, worked to perfect stiKMithnt'ss to agree with 
the edge of the knife used in the operation of 
shaving. It is of the grcutist importance to the 
woikman, to keep his ikm from injury, that his 
knife and lieam should he kept in good order. A 
tabk or tablet, generally of mahogany, large planks 
of which are for the purpose to avoid JoinU, may be said to form a necessary 
part of tlio flirniture of this department These tables are firmW fixed, to resist the 
prcBBuro of the workman when using various tools ; and as light is of the greatest 
consequence in the operations performed on them, they are usually placed so as to 
liave windows in fl'ont of them. A high frutetl is freqoentlv used, across which the 
leather is thrown, after undergoing any of the processes, while the currier snhiects 
other pieces to the same operation. 

Another part of the premises is termed the drying loft In good baUdings the 
drying loft is surroanded with weadur-boarde^ constrooted to be opened or oloi^ as 
may he required. The use of this part being the drying of the leather, the ceiling ie 
furnished with a number of raiU or long piicee of wood, with books or nails on 
which to hang the leather for drying, and where steam is ni^ for this pnrpose, the 
floor is traversed with pipes for heating the Ifft. Here also is a table, similar to that 
previously described | it should not be less than 7 or 8 feet long by 4) broad, if 
pouible. without joint, and with a smooth face. 

There are othw subordinate departments, each furnished with a table similar to 
those deeoribed. 

Of the tools used in eonying, the knife stands first In importance (Jig. 1118). 
Here a end b are two handles, a is held in the 1113 

left hand, and forms a powerful lever when the 
edge e is applied to the leather. The blade ot 
the curriers knife is peculiarly Umperedt it is 
composed of a plate of fine stee4 strongly 
riveted t«tween two plates of iron. This in- 
strument is taken to the mb eimie,end ground to a perfeotly diernedgehy sneoessiTely 
rubbing forward and backward ; care being taken to keep ue edge ftwe, that la, 
etraigkL When this has been satisihetorily acoompliihed, it Is still further rubbed em 
a fine Scotch or Welsh stone called a detirmg^Umet until the scratches the rad* 
atone disappear. 

In this operation a fine thread or wens forma on the edm for the knife hu tvn 
edges (ec) which must he carefhlly got rid of, after wbi^ it is wiped dry, and the 
ed^ greased with tallow or oiL The workmen then takesaetrona steel, end plaeiug 
himselr on his knees, he Axes the knilb with the strssght handle 6 against any Ima 
body, and the eiuss handle a between his knees t thenhuldlng the steel iubollilnftda 
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he eareftillT rubs It forward and backward the whole length of the e^e. Daring this 
operation the knife is gradually raised by means of the handle a, until it is nearly pt^r- 
fi^icular ( by this means the edge is turned completely orer. If the knife is not 
well tempered, the edge thus obtained will be irregular, or broken s in either of which 
eases it is of no use whaterer. 

To keep the instrument just described in proper order requires great skill on the 
part of the currier. The edge is so delicate and liable to injury that it cannot be used 
.... more than a minute or two without losing its keenness. To restore this a very 
carefully prepared small steel is usid, A?* 1114; the point of the steel is first run 
if along the grove which is formed by turning the edge over, and the steel is 
/I then made to pass outside the edge (Jiff. 1210). It is remarkable that a skilfol 
I |1 hand can thus restore the efficiency of the knife, and keep it in work for hours 
\r^ without going for a new edge to the rub-ilone. The other tools wiH be de- 
1 sen bed as their uses are mentioned. 

I The first thing done by the currier is tlie snaking of the leather received 
fooin the tanner in water; the skin requires a thorough wetting, but not m 
BHtiimtion. In some oases the thicker parts are partially soaked before the immersion 
of the whole, and when from the nature of the skin this cannot be done, water is ap- 
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plied to the stont parts after the dipping ; it is requisite that the whtde thoold he m 
near as possible eqnally wet In some instances the wetted leather is beat^i ^ 
aometimes a coarae graiuing-board (hereafter to be described) is used, to make Httnn’ 
anpple previous to shaving it The akin is then laid over the beam (Jh. 1 1 16 ) and toe 
rough fleshy portion is shaved oflf. This operation is generally oaUed Mrhjh 
all the operations at the beam the leather Is kept in its place by pressure of the 
or body of the workman from behind. In skiving the right hand handle of tho 
somewhat precedes the lefl, but in skavkig, properly so eaUed, the left band Foeeue* 
the right, 1117. In skiving the knlfo is driven obliquely a Ibw inohee at a flioef w 
shaving it ia driven frith great foree, not unfoeqnently iW»m the top to tho MM " 
the beam; great akUl ia requisite io the performance of these operatloas* to gniesj^ 
knife and to keep its edge. The carpenter*i {daae oan be moil oomplpleiy lugnj^ 
by the projection of the plane iron from tfadwood, bnt the oiurrier*s 

no such arrangement, and the nnskilfifl currier is constantly liable to 
leather by cutflng through it, as isoll ashyi^ugto pindaeeattgi^ ifiMiM ^ 
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kind of dL«o. and the uac for which it it designed will rcgnlate the work at the beam. 
In some cases, as in the calf'Sktn, it is skived and then sluvfd, «r« (as it iawalkid) jital- 
tamed at neht angles to the tki\mg ^ m other kinds, at sIm oow*bido pTcMrcd for the 
upper leather of heavy shoes, after skiving it it adaerd lerimm (t t, nenrW li nghi mrlM 
t(» the tkiviDg), AndJaftiHot/hy being again shaved m the laae dkeOCUMi at thg akir* 
mg In some manufactonst there are cutaiu kinds of leather whieh are teli|foted 
to the operation culled by ourriert mUmimv before AgeNiap this it done by f^bly 
driving the sloed »tone(fy. 1118)overthe e side of the leather, thereby sirriahmg 
It, and rendering the grain amooth 1 In Jigiienmfi p^HiMS la eoaiiderably foeilitated 
bv this stoning, and the skin baa been allowed slight^ to hu^en by eapeeare to 
air, and the edge of the knife is line, us it shoald be tin wurkiiiait has but to strike 
the flu part of the knife over the leather afur the shaving s m rforiueii, to product a 
lieaniiiul ftee to the fleah tide of the ikin. It will nU be difficult to uuderstaiid that 
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a good hand isoasil> distingnislu d foom an inferior one in this part of thi busiiuss. 
With such nieety will a skiltul workmau M>t the edge of liih knife, that although theio 
seems nothing to guide him, he can take shaving atu r shaving from the hide extending 
from the top to the bottom ot the lieum, thus rendering the leather extieniily (veii lu 
Its substance 

Aftei the process ofshaMng is oompleted. the leather is plncul in water, whtre* it 
ninains until it is eorivi iiieiit to (any on the operation next r((|iiired It is to be 
uhsmed that in the (oniitionm uhich leather is shastd, it innuot long be kept 
u ilioiit bicoming lieatid when, houevir, it is put into u itir, it is safi from iDjur>, 
and ins} be kept a s(r> long time, provided the water be occasionally changed 
fur a fresh, sweet supply , stale water is regarded as injunous foi the skin to 
leniaiii in 

J>\ourtnff It next proceeded with , the skin is taken out of the water, and laid on 
the seoiiriug-stom In respectable nianufactorief, it is usual first to seouf on Mr ^eiA f 
this IS done by passing a s/trAer smartU over the fiesh side, by which the pram of the 
leather is I roii^ht into close eoiituct with the scouring stone, and, being m a wet 
condition, the air is easily excluded, so that the leather mttch to the stone. A plen- 
tiful supply of water m now upplic*d, and a large brush, with stiff hairs, is rubbed 
over the fiesh. or upper side, Fortionii of the surface, m a pulpy condition, come off 
with the scrubbing, and the skin presents a soft, whitened, pulpy appearance , the pores 
are reudeied capable of containing more moisture, and, altugeuiei, the leather is much 
benefited. The alicAar is a pUti nf iron or steel, or for particulai purposes, of brass 
or copper, it is about five inches long, and like the sfwA-stens, is fixed m a stock, or 
handle (/ip 1 1 19). It is sharpened at the raft stone, by grinding the plate perpendicu- 
larly, and then on either side, thus producing two edges (or rather, npAf anp^). 
'1 he edges thus produced are not of an order to cot the leather, but ratliOT to scrape 
It The shcAcr it not intended to remove irregularities in the leather, hut its uses 
are varionSt and it may be cousidend a very important tool as will hereafter 
appear. 

Ill the process of toaninp the grain tide of the bide or skin beeomes covered with 
a whitish body, derived from the bark called b/oom; this is more or less difficult to 
rimove according to the hardness or softneu of the water used in tanning, and the 
peculiar treatment of the tanner. It is, however, the cumer's business to remove It, 
which be effects thus -In the case of leather, whose grain is tomfor, as cortboau^ 
which IS manofsotaied from horse hidesi the gram being kepi nppermcot, the leather 
IS spread on the soouring-stoue, and being plentifolly sopplied with water, is stretehod 
by using the slicker, or a fine pebble, gioiind to the shape of the stock-stone, the 
6J00111 is thus loosened, and, at the same time, by making it adhere to the seouri^ 
stone, the next operation is rendUy esmed on, which consisto in smaiily hnuhfaig 
the gram with a stiff-hairad hmrii, at the ssine tmw keeping a qwtlty^ water on 
the surfiwe, the slicker is again used to remove the water And loosened a^ 
the soonrittg it emnpleta. In the scouring of ealf-»kiM and cow or w fiidos. te 
wock-itone IS mad to fix the leather, and a piece of pnmioc-rtiw, the ^ of w^ 
has been ground to stnoothne^ and afte^rds out in gfwovas, » then Ib^bljrabM 
over the grain, in order to remove the biaom. In Ais, M m other cpeintim. On the 
ssoiiruir«one,isalirfoaneeeisaryli[«r^ The Mane beta cajeieigy to^^ 
hythepnmice-atone^thefoaiiliinMdto sevub up the venMiaini dirt, whkh k then 
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r< moved by the htock f^toni or fclu kcr In Ii \rn( S 9 lLath< r, vpliiih m stout, and requires 
to bi stretched as much as pohsihle, the puniicc atone is seldom usid the stock stone 
and sioiiiitig brush hemp lustily applied until the bloom is sufhcKutlv removed 
Oidinary luinufuctiiiers >^11)1111 the piesent (nineteenth) century, have (onsidmd 
thi operations of the m ounntf fiou^e complete at this point The modern curiier 
takes 11 dith r< nt \k w and not urifieqiuntly detains his tfcoi/m/prope rty tor days, and 
boiiK turns tor ^icks in the Mounnq house 

If the lentlu r is impt rlit tly tanned or it is required to be midi of a briftht colour, 
tilde are othei pioeesses to be pissed thrfugh In these cises sumach (an e\ergieen 
ahiub e>f the natui li ouKi jimrar/Zi /re/, genus JZhut, and irom the birk oi which all 
tin leather niiidc in Imkey is siid to be tinned) is infused 111 boiling water, and 
when cooled to 1 tepid state the 1 < ither is placed m it After staying a suffacient 
time It IS taken to tlic sc iir iig stone , if iotih/an, it is blicked as dry Ub can be well 
uecomplislud on the fltsh side othet leather is for the most pirt slicked in a 
Hiiiilii wa} on the grim si le Saddle leather which is lequired to be of a bright 
e lour IS btill t lithe r placed m warm water slightly acidulated with Milphurie or 
e)\ die acid or both here f >r a tunc it is kept in motion, then taken to the scouring 
stone It IS w ished with jx ciiliar chemical lotionn, ae cording to the taste 01 knowledge 
of the woikman , then agiin it is dipind in tepid sumach infusion then slicked with 
a copper or bnss slicker (iron is liihle to stain leather thus prepared) and a thin 
to It of oil being applied to eitlicr side it is removed to the d/z/mg loft Until within 
a veiy few y< its much time and ttouble weit tiken to produce tety br/qhi leathei foi 
the buddler but of lite brown coloured leather his been adopted to a consideioble 
extent as it is less li ihle to become soiled Neatly all leather is placed i short fiiiu 
in the hfl befoie faither manipulations aic eaiii^ on, m older to haiden it slightly 
by drying 

111 the dningloft or its iinmediite v unity the leather receives the duhbnq 
{dtubn/q ptohabli/) or stufffnq 1 he suhbtinee bo cillid is composed of tallow 
hiou'lit to i Koft plastic condition by hi ing 1111 Itc d and mixed with rodhier oil 
occasionally soc/ (an oil made in prepaiing sheep skins) is in veiy small quantities 
added to the inivture lliis is laid upon the leather cither with a soft bailed brush 
or a mop made gene 1 ally of rags 

Ihe leathei is piepind for btuffing h} wetting slightly such parts as hive he conic 
too dry It is then taken to the tabic previoiis]^ described, which being slightly 
oiled the pioeesb is earned on by placing the skin on the table in the in innei niost 
(Olive mint lot stretching it and making the surface smooth In those kinds thit 
ha\c a rough w rinkled grain the flesh side is plated next the table and the stock stone 
is used veiy biiiaitl} to btieteh and smooth the gi iin A kind of dump or holdfast, 
composed of tiio checks fastened with a screw, is sometimes used to prevent the 
1 ( ither from moving duiing this operation, but in geneial these arc not required 
the slicker IS then applied to remove the maikb left by the at/ck stone, and a thin 
stiifling being spread over the gram it is ruined over, blickcd on the flesh lighth. a 
coit of atujinq is spread over it, and it is hung up to di\ Jn those kinds which 
line to be blacked (or stained) on the gram, a little toci oil onl^ is spread on the 
giain, and the slicker is applied on the flebh side most laboriously previous to 
atujffing Much skill is required to give the icqnisite quantit} of stuff (dubbing) to 
the le Ither without excess, excess being injurious, and the quantity reiuiicd is 
further reflated by the freshness or otherwise of the leather, the tan-yard flvm 
which idjjs^B, anl the treatment it has recci\ed in the scouiing house 

Whe^iTi the skins or hides art folded together, to remain until required It » 
certain the leather improves by romaming some weeks m this condition. It should 
be observed that, in drying, the leather absorbs a large quantity of the oleaginoM 
matter with which it is charged, and the unabsorbed portion forms a thick coating of 
hardened greasy mattci on the flesh side 

Leather which has to be blackened on the flesh (wax leather), fmm tids po^ 
receives different treatment from gram leather Wax leather is taken to the 
table and softened with a grammg-board. The skin is laid on the table and dooblsa, 
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grain to grain, the grcimii^r-hoard (fig 1121% which Isaoofloed to tba kand kf f *fl**j!j 
strap (a a), ia driven forward and drawn hack nhemately until a grain U raiasd a® ^ 
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hilhpr, anil it has afiained the rcqiiiicd suppleness Obsenre, the praining-board is 
sliLlitl> roiiu h d on th( loner sui face ind tia^trsid parallel gr* us ^ni side to 
Riili n Inch arL cfiarbi I orfimr nsotcibioii requiua 1 ho mam is neat reniovtid 
iiom the flesh by the si i k r, and atunnards a sharp sinker m pssMd ivtr the gram 
to rimoxe isl or othtr luuiiniilnttons from it ihe mat ]i <tss is ealhd 
vhUn ng The ItiUbir ih laid ovei the fitam, and a k tfe ndh an (XiremeW flao 
(dgp ]• usid to takf a thin shaving Itum the flesh side this is a (lomt at which a 
cm Tiers skill is test d The knife used is one that hi** iietn sery n i ch a ora, the 
iimliti of nhKh has been tested t the utmost, and s vtiiin ly iru is the edge 
( vpcct d that not the si ghtesi lu iik (uiaM) is alli ned t U( | on (> t surflue of 
the leather Onl^agiodwcr ii i in satisftetoril^ n i j 1 1 tli s 1 he slightest 

^1 uel in the flesh ot the skin nia^ hi as the edge 1 the ki i e in i i ck and it is not 

e IS) to rectify so sei ions a mist rtui i , lM.sid(a,apo>r noiK lu i n uj t ar up the edge 
hv wcltng, an o|n r it on which ought to mend tho niisi 1 1 iiisIlii 1 I } loxoi* ing it 

A fl I tfrat It if art is n xt usid to soflen the 1 il ili tVi pints luiiig 
t Ud hoti < ill gt nil and flish sides, and the i] it n i e e nriid on iii lau 

< I t) ree dim tuns, to ii sure both softneSM ai d reg it int> t gi nn Juniding is per 

i ined b) doabliiig the leather and dnvitig the do 1 puii toiasrd uiid draw mg li 
1 ckwmd by the gi iiiiiiig loard 

Hie leatiui is no i pte pared for the aato, iiid passes conmquentl), into Ins 
liiiuilb Wdxing, m luge establishments is a Irnuh eoisdirerl scpaiate lioni the 
giiitral business, iid is iisitallv in the hands ol a person who lonfinis hiiiiseli lu this 
oee iipation alone. The si in is laid on a table and the iidour lubbed into the fle sb miIi 
with a brush It is mets ny to give thi biusb a kind of circular motion to msiiii 
till rer|uirtd blukmsi, in the leather Ihc coUtvr is made by stirring a qiinnui) of 
the best lampblack into cid fun otf, sonietinies a little dubb «q is added, and iii oidi r 
to ni il e It work, smoothly so as not to clog tia biush some st tie ian unUr from the 
vats in the scouring I e u>e is haUu up with the mixtuie until it coinbinih tlierewitli 
Jhe preparation ut the olota is in important atlair ind repiiresa considiialk 
amount ol tune and hi i to render it sueli as the mv/jc; desius 

A hlcksUne oi ql i e is nixt used, thia tool is ibout thi s /e ani sbap of the 
slicker but instead of being ground like it, tbcedgis ate xery e iiefully leiioved so 
til It while, iiom end to end, it presones nearly a tight 1 lu it is c iicu ar uttt the 
e'dge 1 he stem (a fine pel ble) is little used now, pi ite ghss 1 < mg sul stitiiteel lot t 
n he use of the tool just dt scribed is to sniemth the fltsli liter the oiieiatuii by llm 
ed mini,., brush, therel y getting nd ol iny iiiaiks made on the surl ice 

1 he next step in waxmg is what is called sizing hize is { re pired I y Itoilmg glue* 
in water — the melted glue is diluted with water to the extent nquiieel in w me 
cases It 18 softened by iiuxing axt liter tnl xxith it in cooling AVhen cold, it is he ititi 
up with various ingredients iceoiding to the taste or cxpeiience of the Aaxer, the 
waxer then well rubs the sire into the coloured side of the leathkt, an 1 with a sponge , 
or more generally the fleiln luiit of bis hand, smooths it off \Ahuii dry, the a/wX- 
A/emc, or glasSf is again a) pli d, tii s producing a jiohsh on the site , and a ve ry thin 
eoat ot oil completes the woik 1 different niunufaetanesdifleieut methods are piir- 
suimI, but the above is conseiiient and satislactory lu almost all ciieuiiistauces it u 
now re ady for the shoemaker 

Leather intended to be blacked on the grsm, is left folded np wbcti dr^ after stuff- 
ing Some years ago it was the custom to stain these kinds of 1< ather, w hih wet in tlie i 
scouring bouse, by spreading stale urine over it and then applying a solutKin of coppinis 
(sulphate of iron) That method is now exploded 1 be diy skms or pieces of leather 
are laid on the shop-boanl a brush is used to saturate the gram with nnoe, or as is 
now more common, a sedufioM of ooda m waUr, and a peculiar pre paration of iroa m 
solutum IS afterwards laid over it, which blackens the surfiice It may be observed 
that ID wax-leather a body of black is laid on, and rubbed into the flesh , in gram 
leather the black la a sum. After the blackening, it is necessary to mb a small 
Quantity of oil or dubbing over the Wackened sorface, then taming the oiled grmil 
toward Che Uble, a sharp didccr is used on the flesh tide; the leather fticks to th|i 
Uble by means of the ml, and the slicker is driven so smartly over it, that it bsfrrlcAtd 
on the Uble, at tho same time that the grease is removed It is quite an importaut 
DOint to take off tho sMCk oat oflthe lather m this opetation, after which it is turned 
Srer. tbe tttile b eorered with • wry thfa cort of bM« tiil^,. rail ^ Olhw bwojt 

raMiod wwtIi#t»bI«,fortli.p(iiTW«rfkeepinjtlK.lo.gi«ft«*ii^toit. AAA 

I, oMd m th» cnio tbnmoreremtmmgmMlrtudwmUtAWtoaMaai 
•n. oowra orawnuee on the gral*. « ••'«>««• »««»*?■ **1110 WOMfcMdti 

thin coot of wmk siae. made of ffluc dissolved in water, w spread over it and tile pruK 
oem, usuaUy caUedmnsoaiiVk The ^ m cpmfliUy to dijr tllo 

momMdleatlMrp and in this tide it 101 ^ be stored wilhont 
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The next etep ib Tery Bimilar to that described id the case of wax Uathtr^ and called 
ivhitining — it 18 thin softened by means of a fine graining-board, or a board of the 
Bimt shape and sire corend with cork the grain side is placed next the table, and 
the flesh doubled against the fltsh, and thus drivtn forward and backward until the, 
required degree of suppleness is obtained The loose particles of flesh are blushed off 
and a slicker careful’y passed over the gram removes all marks of the last opeiation 
If a sufficiency of stuff has not been applied in the drying lofi, the deficiency is remedied 
by a coat of tallow duhbinq now spread over the grain and allowed to remain some hours 
As the hatlur absorbs the oily matter a hardened coat of grea<>e has to be removed 
by the aid of the slicker The leathi r is then stzed and a ver^ thin eout of oil spread 
over the sisc computes the operation 

In the preparation of various kinds of leather, or of leather for particular purposes, 
the currier has partieulir appliances 11 n ness leather is consideiably di^er than 
other kinds before stuffing and is subiectedto immense labour by the stock-stone and 
slickct to procure a smooth grain It is blackened when dry like other gram leather, 
but instead of the oiling and other processes described the hardest tallow pr curable 
IS ruhlKd into it stoned with a fine pebbk, slicked, and tallow again rubbed into it by 
the hand 111 hen dry after this operation, the grease is slicked fiom the flesh side, 
and a repetition of the tallowing, stoning and rubbing finishes the work 

Saddle leather which is cut into comparatiyely small pieces, after hardening in the 
drying loft, is passed through a sery dififerent process from any described previously 
The skin of the hog is much used for certain parts of hackney siddles, and the 
bristles, when removed by the tanner, leave indentations, or even holes m the tanned 
skin Probabl} it was deemed desirable to obtain some imitation for the parts of the 
saddle where the hog skin was not suitable The skin of the dog-fish {ScyUtumt 
Cuv ), to some extent supplied the imitation having hard tubercles on its surface 
At first the skin was laid on the leather and lustily pressed into it by rubbing it with 
a pebbk or plate of glass , at length a press wis indented, and more recently various 
methods have been proposed to produce the best effect We have here (fig 1122) a 


1122 



K presentation of one of these presses, which may stand ns a type of all trfheiii « ® 
are the feet into which the upnghts are inserted, A 6 are the two npright sides tied si 
the top by c, a similar cross piece ties them a little above the feet j 
fastened with hinges, which closes upon e when ^e press is not in use; s e sfs SflW 
which press on the iron plate, in which the axes of Ae reller/are inserted j theej P**?: 
imbedded in the uprights b b have considerable phg, so as to allew the tbUem/ * 
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more or 1«8ft pressure* as the ease may require. The dotted line 1 represents an iron 
l»ar or cylinder, supplied with a small rnf^ wheel at i', and a eramk handh j\ this is 
t jriiod round by the band, and the small cog wheel acts on a largi^r one d, which is 
nttachtd to the axis of the roller / /is a solid rol)**r of hard wood, such as 
vittF; upon this 0 } lindcr m strongly glued the Jith sAm, previoitsi} alludt'd to f Ais a 
r\lindncal solid piece of wood covi M*d with stont flannel; / ia a punc of leather on 
which the leather to be pressed is placed; wh«B all is adjusted the pinv to pressed 
IS placed on /, the handle is moeed slowly round, and the whole is rairiod between 
the rollers, the leather thus rpc< i\. s the ininrint of tiit /W/ sAie, and at iIk siitne time 
Ik conics extreiutly «olid. After drying, thn itfk for fix ••iddicr. 

Of late years the ciirriet ha*> undertaken an oih<i \)iieh msc previously the 
>>u« iiesb of the bcnit maker, naiiu‘l>, the h\uthm§ of lioot fr mi‘ i hia is p<*rforniod by 
the loatroment lepreaentcd by /y. 1123. The leatbei ih h^st dressed, os previously 


1123 




described, up to the point of being ready for whiUning, The fronts are then ctit (fig, 
1 123 a), and when folded or doubled appear njig. 1 123 A. I' 1', 1 1, is a stningfraaie- 
work; 2, represenu a pair of cheeks, strongly fastened m the fiwnc, and regulated as 
to dtMkmee by a seiww ; these cheeks are li»^ with sine ; 3 is s strong plate of nMlal, 
the angle at 8 corresponding exactly with the angle of the cheeks; the ends of this 
plate are fixed in movable platea passing down the columns 1* 1' ; 4 Is a h and l e by 
which the instimnent is worked, and wbieb by cog-wheels acting on Che movable 
platea brings 3 downwaida. The/smA hud, albr a thcrou^ soaking in water, 
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over the ehoeks S, the handle being turned, 3 conies down upon the ilronf, and 
forces It through the small opening between the cheeks, and when brought out below 
the cheeks, it has the appearance here given ( Jiy. 112*1 r) The plate 3 having can icd 
the fiont between the checks, is removed \IhIuw\ and the weight 5 assists in 
briiigiiig the pei pcndiculiir movable plates to their place, when 3 is again put in 
position ; and thus the operation is rapidly carried on After this the Jronls are 
regularly placed on a /«/br4, being forced into position by an iiisirumeiit called the 
Jloundei (Jig. 1124) and tacked to their place; after this they are slightly oiled and 

fl24 



dried. Some ingenious methods have been adopted for softening the fronts, so as not 
to disturb the blacking They are whitened on a very sloping biamijig. 1 125), which 
enables the workman to hold them better than he could on the common beam. They 

1125 



are again htockeil by the waxer^ and when these processes are caMfblly performej 
much trouble is saved to the toot-maker. Of course, in a manufketory many ftp* 
pliances are found which are not here mentioned ; tho general idea, however, in®y ^ 
vasily gathered from this de8cri|)tion. The work is dirty and very labonoos, ' 
^luring great skill and experience, anl consequently good workmen have geo*** * 
commanded better wages than other meohanica, , . * 

Hides intended for eoveriog coaches gro shaved as (bin as ojtoq lddei» and 
on the grain.— H. fil 
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liEATHm SPUTTlNCi. This opcmtion is employed vomotimcs apon certain 
Bortnuf Kill her for glov^Mb foi hnokbiiidcra,8h< ith-mukmfandalM ivstogiveaouiform 
thioKiuss to Ihti K'nthir distiix d toi i! e cotton ni «1 vrool cuid miik* is. 

ri^/s. I ISf), 1 127. 1 1 J9 rcpuHcnt a iscll i\od muchmc tor that purpose, of 

SI Inch jiy, 1 IJfi show*- the fiunt \u h. /ri; 1 127 a so w from the h ft side, /Ejr. 1199 a 
ground plan, hiid fuj 1I2S a \iiticd section at rosb tin tiia hiiic u if u strung table, 
fuiui&hid aitii foiirJ* gs d, nhuh lo the light and left h ind beats tvr i htiriffiutal pieoef c. 


11|6 



Each of these pieces is cut out in fiont, sons to form in lt^ substance a half-round fork, 
Ihiit rt< eives a c} lindi i </, (arn mg on its end a toothed spur-H hei I r Motum is coin- 
inuijicdted to the uhccl by iiKaiis of the handle /, upon iiliose uais the pinion i is fixed, 


1128 
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woiking into the wheel d, made fast to the end of the cjlindcr round which the leather 
is rolled. The leather is fixed at one of its ends or edges lo the cylinder, either with 
d wedire pressed into a groove, or by a movable segment of the cylinder itself 

The table, o, is cut out lengthwise with a slot that is widened below, os shown in 

knife h (figi, 1 128 and 1 129) if fixed flat upon the talile with screw bolls, whose 
ht ads are countersunk into the t ible and secured with I ips beneath 1 128), the c-dge 
of Uic knife being placed horifontally over the opening, and parallel with it 

In Jtg. 1128 the leather, *, is shown advancing against tin* knife, getting split, and hna 
a portion coiled ronnd tlic cjlinder, which is mode to re\olvein prof^nion as the 
leather is cleft The upper iwrtion of the leather is rolled upon the cyUoder cf, while 
the under half, Z, ftills through the oblong opening upon the ground. 

In regulating the thickness of the split leather, the two supports, le, act; they aro 
made fast to the table a (one on each aide of the knifc)^nd mc mortised the tabto 
two tmoMMwiMd Thwe .opiwu .« far.^ mm 0^ lof. ^ 

hejed slots, bj nNMHHiiif whiofa (he borisontal iron rode 1129» 1198) is iretsrsd» 
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and outside of the uprights they press upon the springs pp ^ Inch tend to raise the i od, o, 
lu Its two end sluts , but the a(\|usting sciews which pass down thi ough the tops uf tht 



supports into the mortise a (Jig 1128), and press upon the upper half of the divided 
tenon, counteract the springs, and accordingly keep the rod 0 exactly at any desired 
height or level The iron rod o carries another iron bar, r, beneath it, parallel and 
also rectangular, Jig 1128 This lower bar, which is rounded at its under face, lies upon 
and presses the leather by the action of two screws, which pass through two upright 
pieces s 1 126 and 1 128) made fast to the table , thus the iron bur may be made 
to pi ess forwards the edge ot the knife, and it may be adjusted in its degree of pressure , 
according to the desired thickness oi the leaf of split leather that passes through 
under it 

7 14/ 1128 shows that the slant or obliiiuity of the knife is directed downwards, over 
one of the edges of the oblong opening 9 , the other edge of this opening is providid 
with an non plate 1128, 1129), which serves to guide the blade in cutting the 

leather to the proper depth Tor tins purpose the plate » made a^ustible by means 
of the four spring u(Jig 1129) let into the table, which press it downwards. Four 
screws, V, pass down through the table, each belonging to its respective spring u, 
and by means of these screws the plate t may be raised in any desired degree 1 ach 
ot the screws u has besides a small rectangular notch through which a screw boll x 
p isses, by which the spring is made fast to the table. Thus also the plate t may bo 
made to approach to or recede from the knife 
y, in Jigs 1126 and 1128 is a flat board, laid upon the leather a httle behind the edge 
of the plate t , this board is pressed by the cylinder z, that lies upon it, and whoht 
tenons rest in mortises cut out in the two supports a'. The cylinder z is held in its 
position by a wedge 01 pin, b {Jigs, 112b and 1127), which posses through the supports 
When the leather has been split, these pms are removed, and the C} Under rises then by 
means of two counter weights, not shown in the fibres 
The operation of the machine is as follows — The edge or end of the leather being 
secured to the cylinder </, the leather itself having the direction upon the table shonn 
ill fig 1 128, and the bar r its proper position over the knife, the edge begins to enter in 
this position into the leather, while the cylinder d is moved by the handle or winch, and 
the piece gam split betwixt the blade and the toiler d. When the other end of the 
leather, Amnccs to the knife, there is, consequently, one half of the leather split ; the 
skin IB tone then rolled off the cylinder </ , it is turned ; the alieadv spUt half, or the 
end of the leather, k, is made fast into the wood of the cylinder, and ^e other half is 
next split , while the knife now acts from below, in an opposite direction to what it 
did at first j v * 1 , 

That the unrolling of the leather from the cylinder, d, may not be obstructed by tw 
pinion I, the stop-wedge e ( Jigs, 1 1 26, 1 127) is removed from the teeth. In the process 
of flitting, the grain side of the leather is uppermost, and is therefljrs 
form thickness, but the under side varies in thisfcnsis with ths insqnality of 

Several other ingenious contrivances have been introduced for this purpose, ni- 
trated descriptions of which have been given by Hebert, who states thtf a spiwtww' 
machine, long used by the Messrs. Bevington, of Bermondsey, had been mads to spi 
sheepskins into three equal parts, one of whiob, that on ths grain lidf, midht ^ 
as leather; the middle portiofi oonverted into parchment; and the slice w toe n 
side, being noequal in thickness, and therefore nnflt for sny better niC, 
glue making. In this machine the skin ia drawn between two revolving 
pi^srated, as it emerges fiom their grasp, to the edge of a loqg and very wmj ^ 
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perfectly true and rigid rollen, the upper roller, infieod of bemf; loiid, ie eompoeed 
of a number of circular disca or ringa of metal, al>oiit half att inch tbiek, aitpped on 
to an axis rather amallcr than the hole^ in their eentiWi but eon*p» Ued to rerorro irith 
it by meana of what nia} be termed a planet n t. ixm, wh^cb a rod paBabig lootely 
throiifrh holes in the whole acties of dises, between their e< ntre and tbeir eireamlbr- 
cnee, and so coiinecU^ with the axis by its ends as to be rarnnl runod wiih it By 
this contrivance the upper roller it mblcd to adapt its anrihoe to that of the akin, 
which IS everywhere pressed with an equal force, *1 e to the woiAbt of the dices of 
which the upper roller is composed It m stated tii the iVxue me **that this 

nidchine will split a sheepskin of theordnary sixe m lihw (t tw>i inimKcs, during which 
time the knife makes from two to three thousand vit>niii»r} > otions to and 
'I ins machine ta said to be the mveation of Lieiitenan* Vmr Another eontrivauee • 
iH known os Duxbury^s Patent Skin Splitting Mnebine in nlnch flie knife coosists of 
a series of plates ol steel, so attached to the penphe* v » win cl or disc, seventeen 
^<•f in diimcter, as lo form a gigantic cutting insirunKni n^cinbling a crown or 
tiepan saw, the compound blade projecting bmi/oiitalK fiom the rim of the wheel 
parallel to its axis. The skin to be split pa&MW rou.id tin ciieuiiiference of ahori- 
xoutal drum, the axis of which is at right angles with that of the great disc, ond lies 
ver> nearly m the same plann with its face, and which instead of being perfeetlv 
ry lindncal has its sides so hollow ed as to present a concavity perfectly tallying with 
the cunature oi the pi'iiplicry of the disc. As therefore the drum revolves it brings 
the skin, which is confiiud closely to its concave surface by a coiitrivnnee aoinewliat 
riHcmhling the npfiei roller in the machine above described, in contact with llic edge 
of the revolving krulc. which cuts by a continuous onward ihovcment, instead of a 
sawing action backwards and forwards. The extreme nicety required to fix the con- 
cavity of the feeding roller to the edge of the circular knife, and to keep the knife or 
I litter itself pirfci th true in shape, appear to be the chief objections to this lugeiiiuus 
coittnvance. — Anify f’ye, .Su/i/i/., Leather, 


Erporh of leather of British produce and mnniifacturc in 1S64. 


Tanned, unwrought - • . • 


3t,lW cwts. 

Total value. 
1^381,842 

M'rought, boots and shoes - . - 


4,84U,fiX(> pairs 

1,484,421 

Wrought, gloves 


090,045 „ 

71,910 

„ not specificallv described 


880,425 lbs. 

124,183 

Manufactures (Foreign leather), gloves- 


20,556 pairs 

2,227 

„ „ boots and shoes 

87,505 „ 

11,605 

„ „ other kind 

- 

entered at yalue 

4,709 

Saddlery and harness - • - - 

- 

•» 

345,950 

Imports of Leath 

liCatber, unwrought hides not tanned, tawed, 
cniricd, or in any way dressed . - • 

r. 

272,481 cwts. 

TfOai vatiic 
^1,023,072 

Hides, wet ------ 


062,075 „ 

1,644,41.3 

„ tanned, not otherwise dressed 


3,701,264 Iba 

141,446 

„ tanned, curried, but not enamelled 


1,985,685 „ 

157,060 

„ vamished, japanned, or enamelled 
„ Muscovy or Kussia, undressed - 


605,073 „ 

165,635 


153,732 „ 

19,657 

„ piecei^ anenomerated - • 


- 

ISO 

„ „ dretsed, nuenumerated • 


- 

894 


LEATHER CLOTH. Under the name of American leather doth, an enamelled 
oil-cloth has been intndueed. Much of it possessed great elastiel^, and reaembled 
much the vegetable leather already described. The trade has, however, vapidly 
deelined, at lAl be teen by the fisUowhig table of mfiorte of tbit material. 


1654 

jardr. 

631,304 

valoe. 

£86,210 

1653 

665,396 

42,405 

1856 

507,326 

88,069 

1866 

174,673 

13,094 

1660 

151,969 

11,898 

1861 

127,061 

9,628 


LEATHER. VEGETABLE. TJndir thit name a new material, contpoead of India 
rubber tpread npon linen, hat been introdueed. Of thit the Afedhoams* Ma^tme 
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writes — ** Having seen some specimens of these Icathirs, as w<ll as ^arlous articles of 
utility manufactured therewith, we have been induced to pay the extensi\e works of 
Mesbis. Spill and Co , tlit eminent Govcinment conti actors, on Stepney green, a visit, 
in order to cull sufficient to place upon record the present position of artilieial as a sub- 
stitute for real leather. Ihc face and general chaincter of the vegetable leather 
resembles the natural product so closely, that it is only by actual examination that the 
difference can be determined This is more particularly the case in that description 
which 18 made for bookbinding, the covering of library tables, and like purposes. 
Amongst other adiantages it possesses over leather piopcr, may be mentioned, that 
however thin the imitation is, it will not teolr without considerable force is exercised , 
that it resists all damp, and that moisture may be left upon it for any period without 
» iginry, consequently, it does not sodden or cockle, is always dry, and its polish is 
rather increased than diminished by friction Add to these facts, that any attempt to 
scratch or raise its siirlacc with the nail, or by contact with any ordinary substance, 
will not abrade it, and enough will have been said to justify its cnt( ring the list against 
an article of daily use, which has of late years been deemed far from sufficient for 
the demand, and has consequently risen in price to the manifest loss and injui y of e\ ery 
class of the community We believe that the largest entire piece of real leather that 
can be cut from a bullock's hide, is not more than 7 feet by 6 feet, and this includes the 
stomach and other inferior parts. Vegetable leather on the conti ary, is now pioduced 
50 yards in length, and 1 } yard wide, every portion being of equal and of any reqnin*d 
thickness, and the smallest poition is convertible We were agieeably disappomkd, 
howeicr, to find that instead of vigetablc leather being a discovery requiring the aid 
of ourselves and contemporaries, it was, although so young, an active agent in the 
fabrication of numerous articles of daily requiicmont, and that it had already beiomc 
the subject of large, indeed we ma} say enormous, contracts. Caoutchouc and naphtha 
are used in its manufacture ; but by a process known to the senior of the firm, who is 
liimsc If an accomplished chemist, all (nlour is removed from the naphtha, and the snii II of 
vegetable leather is rendered then by less in stiingth, it anything, than that ofleathii. 
The principal objects to which it is at { resent applied, although it is ob\ ions it will ( ike a 
wider range of usefulness than leather itself, ore carnage and hoise aprons antigropola, 
soldier's belts, buckets which pack flat, hainess of every description, bookbinding, &c. 
For, the latter, its toughness, washable quality and rejfistance to stains, render it 
remarkably fitted. Its thickness, which may be carried to any extent, is obtained by 
additional backings of linen, &c , cemented with the caoutchouc, and its strength is 
something marvellous, while m the all-important commercial view, it is but one thud 
the price of leather. Many of the articles we were shown possessed the appeal ance 
of much elegance and finish ; but it was cuiioiis to observe, that although most of 
them could be made without a stitch, and within the factoiy itself, a deference to the 
feelings of the workmen in the sevcial trades has been shown hy the firm, and the 
material is given out as ordinary leather, to undergo the process ot the needle, winch 
it submits to with a greater facility than its original prototype ” 

LEAVEN. Under Bbead, the employment of yeast is fully explained. A few 
particulars relative to the French leaven may not, however, be out of place. 

In Paris, where bread-making has been brought to a high degree of perfection, (he 
fermentation is produced chiefly by the gluten of the dough, yeast being used merely 
to facilitate the action A lump of dough remaining Arom the last batch of bread, 
and oonsistin^f 8 lbs flour, and 4 lbs of water, is left to itself for ten hours : in this 
state it isffialR fresh /saven (ievain tie chef). By kneading this with anothpr quantity 
of 8 lbs. mmr and 4 lbs. water, the once reived leaven {lewnn de premiers) is obtained. 
After another interval of eight hours, 16 lbs of flour and 8 lbs. water are added, 
forming the tictee tevived leavm (levam de seconde); and xfter three heurs more 
100 lbs flour and 52 lbs. water, eontainmg i to ^ lb. beer-yeast are added, forming 
the finished leaven (fevam de tout point). 'The 200 lbs. leaven thus obtained ere 
mixed after two hours with 132 lbs flour and 68 lbs. water containing ^ lb. of 
in suspension, and 2 lbs common salt dissolsed. This quantity of dough serves for 
five ‘or BIX bakings. For the first baking half the dough (200 Ibe) is mideinto 
loaves of the required sine and form, which are exposed fpr a while in SDallow boskets 
to a temperature of 25® C. (77® F ), and then transferred to the oven. The bread 
obtained has a aourish taste and dark colour. The remaining half of the dough » 
aeain mixed ^th 132 Ibe flour, 70 Ibe. water, i lb, yeast, and the requIiHe 
of salt, the half of this quantity of dough is then formed into loaves, left to lerin^h 
and baked. The fame operation is repeated three times, one- half of the dough beii^ 
each time mixed with 130 lbs. flour and Ik lb. yeasl^and the preliwr queottS^of wsw 
and salt The last stage yields the finest and whitest bredd, M Watts' **lllel| 0 Wy 
of Chemistry,** # < 
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floats, calTe« and sheep, luto a redthsh leather of an agrctahlr mnell , ai in 
till pnpaiHtiun of the oil of binh, for making nhat is eommiuly t.allad Humie 
h athcr 

LILR An anhed buiiling, forming nu ai n d^ng ftimau, m whioh glsft is 
hmpend or 'inmnlUd 

IjI* (lUMf NF ^s the name of a vegi to-aikalt snpf i rod to t ist lu Utgaiainons pla&U 
1 1 (U M 1 N( r Legtmtnmu plantt^ or the pea and bi un 
1 1 M\TAN 1 ARTH A ji II >tnsh*grty earth btaintd fioir 1 emnos by the 
(ii (kfl It 16 vt ly h milur tu fiilUi i( et^h 
1 hMONS Jh truit of fh ( ihwtwmmum H d hi ) i e h li the peel of the 
flint arc employ I rl modiunall) md In the preparaii u « I nadi hoe rnraio 
\rTT> and (>fi issf>Mi\i <>t thejine of luinns lu ik mil oianges, we im* 
ported in IRff .17 >*i] gallonb of the oompated \ahii if )j > i in 1804, SOU, 753 
,jrnll(mB ol th coiiipntid ^‘ilnc of £29 475 

T 1 NS / ft lit 1 1 LinMinlaHtOerm ) Irntun a i f msi aront bodies, nsoally 
n 1 i‘ ^labb wliieli by tliiir ourvatnre uthir cm ii iit ir diofNrse the rays of 
) t,Iit I cnstH arc of the (bllowiiig kinds P tJtl i nttx having the same or a 
ditfir 1 1 degree of convixity on cither aide / lam eontijt having one flanc and one 
I vexBurlhee T nrtfto eonw i h<ivingou oiiiavi and one conic x side, eommoiil} 

< I Kd nunnuuH 1 tisis Plant t m ttt laviug oiu pin e surface and one concave one, 
mil the douhh hi I uh 

Till fust thru nhiil iii thicker in the niiddli than at thi edge are contery- 
viif / tnr 111 lus thi i ic Mon the ra>6 ol light to converge m parsing through 
them I he otlicts uhiih are thicker at the edges than in the middle and tlierefire* 
c 1 ISO the pencils ol 1 (,ht refrictcMl through them to diverge, are called diverging 
lenses 


1 or the nil at i oniph t i xnnnn it ion of the <aw8 regulating the rnnatnietion of IinNis 
and the aition of (lieM on tin lays ef light wi nuist rilir tin nadvr to Sir John 
lUrschel b idniiial k tiiat si on I qht in the 1 nciftl ; ttUa Melt puhtana In this work 
we have only to di tl with the mole of m luuf ictiiring the ordiiaiv varieties Ihe 
sphcitial sui luces arc pro lined by grinding them m counterp irt took, or discs of 
metal pre pared to the same curvaiuic as the lensi s I or the fonuatioii of the grind- 
ing tools a cmeave and a convex temphte are first made to the rndius of the curva- 
tiiie ol the requind Itus 'I hi templates of large radius, are sometimes cutout of 
crown glass More us i illy the templates are made out of sheet brass, the templates 
of long 1 idii are cut with a strong radius bar and cutter, and those of only a few 
inches radius are cut m the turning lathe The hrasb concave and convex gauges are 
cut at separate operations us it is necessary to adjust the radius to compensate ft r the 


thickness of the cutter, and the brau templates are not nsoally corrected by grinding, 
as piacticilly it is found more convenient to fit the tools themselves together The 
templates having been made of the required radius, are used for the preparation of the 
grinding and polishing tois which for concave lenses consist of a concave rough 
grinding tool of oast ii n calliil a thdl 

A pan of brass tools is however the most important psH of the apparatus One of 
these IS concave and the other convex mode exactly to the curvature of the templates 
and to fit each other as accurately as possible The concave tool is used as the 
grinder for correcting the curvature of the lenses after they have been roughly fibred 
in the eoneave shell, and the convex tool is employed for producing and maintaining 
the true form of the concave grinding tool itself, and also that of the polisher These 
polishers are adjusted with great accnracy The eoneave tool is placed upon the 
convex, and they are first rubbed together dry, so that by the brightened paru the 
inequalities may he distinguished, they arc then ground true, first by Bieans of emery 
and water, and then with dry emery ... - - . 

The following fignre (1130) represents those tools, which are fitted with serewi at 
the hack so that they can be fixed upon pillars, in eonnee- j |gQ 

lion with the machinery for gitng motion to them. 

By gnndmg with sondry niceties of motion which are f J 

required to produce the best eiIiBCt,indi lithe production ^ 

of moUon which shaU leeemhle at nerniy as possible the | | 

kind of stroke which would be given hy hand, theee 
tools are eventnally bronght to tree epheneal fignwn 
which fit each other exactly. ^ 

The glasits fi»r lenses, hemg selected of snitn^ qnahty, 
they are hron^t to a eirei^ fhrm by means of flat plm 1 1 1 1 

called sAoiUfu The pwssnro of the iSiers applied near tiM K I |J ^ 

edges of glass oanses it to cnimble away m amall lx u 

fiagments, and this prooesi, which is called sftoalii^ or mbhUng, is contimied until the 
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S lasses are made circular, and of a little larger diameter than the finished size of the 
luses. 

A cement is made by mixing wood ashes with melted pitch. Some nicctv is required 
in the adjustment of the proportion, since the cement must not be too adhesive, nor must 
It be too haid or too brittle ; generally about4 lbs. of wood ashes to 14 lbs. of pitch aie 
employed. This when melt^ is poured on one side of the glasses to be ground, in 
sinull quantities at a time, until a sufficient quantity adheres to the back of the lens 
to form a handle. The glass is rough ground by rubbing it within the spherical 
shell. The glass is rubbed with lar^ circular strokes, aud the thell is usually placed 
within a shallow tray to catch the loose ^ery or polishing powder which ma} be 
employed. When one side is rough ground in this way, the glass is warmed to detach 
it fWnn the handle, which is transfericd to the other side and the operation repeated. 
When both sides are thus rudely formed, the lenses are cemented upon a runner. 
The best object glasses for telescopes are ground and polished singly, while as many 
as four dozen of common spectacle glasses are ground and polished together. Wht ii 
many are thus fixed on one runner, the number most be such 
as will admit of their being arranged symmetrically around 
a central lens, as 7, 13, or 21, or sometimes 4 form the nucleus, 
and then the numbers run 14, 30. Lenses of ordinary quality 
are usually ground true and polished seven at a time. This i 

runner with its lenses attached is shown lu^^ 1131. 

The cement at the back of the lenses is first flattened with a heated iron. The 
cast iron runner is heated just sufficiently to melt the cement, and carefully placid 
upon die cemented backs of the lenses As soon as the cement is sufliciontly softened 
to adhere firmly to the runner, it is cooled with a wet sponge, as the cement must only 
be so far fused as to fill up flic spaces ncaily, but not quite, level with the surface of 
the lenses The block of lenses is now mounted upon a post, and ground with the 
concave brass tool,^^. IISU, motion being given to it either by the hand or by 
machinery similar to the sweeping motion already named. As the grinding proceeds, 
the fineness of the emery powder employed is increased, until lu the last operation it 
IS sufficiently fine to produee a semi-pohshed surfnec. This grinding being cun)> 
pleted successfully, the lenses have to polished. The polisher is made by warming 
a east iron shell and coating it uniformly about one quarter of an inch thick with 
miUid cement A piece of thick woollen cloth is cut to the siz** of the polisher and 
socui ed to It, and pressed into form by working the brass tool within it hen 
this IB properly adjusted it is covered with very finely divided putty powder, sprinkled 
with a little water, and the powder worked into the pores of the cloth with Uie biass 
convex ^1. Repeated supplies of putty powder is put on the polisher until it is 
made quite level, and it is worked smooth with the tool. Many hours are expended 
in the proper preparation of a polisher. When completed it is placed upon the block 
of lenses still fixed to the post^ and worked with wide and narrow elliptical strokes. 
Where a very large number of glasses are ground or polished at the same time, this 
peculiar motion is imitated by the eccentric movement of a lever attached to the 
revolving shaft In the processes of grinding and polishing, other materials beside 
emery and putty powder are sometimes employed, such as raddle^ an earthy oxide of 
iron, the finer kinds of irhieh are much employed in the largo lens mannfhctory at 
Sheffield. 

Much moij^might be said on the suljeot of grinding and polishing lenses, but 
it IS one Ati^ processes of manuf|sctare which scarcely come within the limits of 
the presm work. Still it was thought to be of sufficient importance to receive some 
general notice. The grinding and polishing of the finer varieties of lenses for tele- 
scopes, microscopes, and the like, require extremely nice manipulation. The 
account of the processes and of the instruments used is one by the lute Andrew Rom 
in the flfly-thiM volume of the TrantacHona of the Society of Arte. In 
Muhamcal Manipulation there is also some very excellent practical informatiou. 
See Lighthouse ; Puotoorapht. , 

LRPIDINE. C»H«N. A volatile base, homologous with chinolUie, found m coal 
naphtha and in the fluid produced by distilling cinchonine with potash.— C. O. W. 

LEPIDOLITB or Lithia Mica. A heautifol purple mineml, which ocoajnsin 
various parts of the world. It has recently been found in fine masses mi 
Hradisko near Rosna in Moravia. It is remarkable for tlto Isigc quantity m 
which it contains, and also for its containing the newly<*disaoretad mineral 
See Specteuh Akaltsis. ^ 

LEUCANILINE. If a solution roeoaiUne U lift in edntaet wltl^ 
zinc, or treated with sulphide of ammonium» it is rapidly duconmosed. Tbs 
disappears and is transformed into a remarkable new baie» wnieh hia ihoMved pe 
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name of tiuramUnet and which mav be obtained in cmnpl«t«>ly eolourien needlca 
Beau cl) luluble in water, very Bulubie in alcohol, kti formaU tn 

The Baits of lencanilitic are alBo colourleiiB. cnnily cr^stnlliaable, and very aoltthlc 
in water, fVoin whicli the) limy be precipiUttod hV the udditiuu ol an eieena of 
acid. 

'Ihcre exiRtti an eatremcly reoiarkabte relatioi. the f npvwltion of ItH- 

runtime and that of rosaniliiK* 

Uosaniliue ‘N\ 

Leucuniline i 

Lem aniline did'iMS from ro^anlliiie afanply by eof uming tt'o (Njiiivalenta more of 

rin i iM )i.iMh 1 1 »r to each other the relatii n wh eh ' iM\ hi iweim blue and white 

nine indigo C>41'"N»()*. 

White indigo 

Lenrnniline, a>. rmplit have been evpoeted liom this interesting ndation, may be 
ieeoiiv<rted into the led eoloiiring matter by oxidising agents. On gently heating 
the coloitilehs holurioii of lijdnxrhlonite of Iciicaniline with peroxide of barium, 
perchloridiK of non or platinum or chromate of potassium, the liquid at onoc ro- 
BhsiitneK the Hpleiidul colour ot the roB4iniline halts. {Unfmann ) 

lil'IUCri'L. A mineral found in Toicanic rorks, containing nsually 56‘IO of 
silica, 23 1(1 of alumina, and 21*15 of potaah. The finest and moat beautiful crystals 
arc found in the ohhT laxas of Vesuvius and Rooca Monfina, and in the neighhour- 
h(Hid of Rome. It h sometimes called the v*htie garnet^ from the similarity of its 
ei^stalliRation to that ol the common garnet. Kirwan culls it the tchtlt gainet uf 
f cvwr/Mf. 

Ll.lJrOLINC. A B) nonym of Leuilol. 

LriJKOIi. See Ciitnolink. 

JT.N LL (</ mmwq trrm). An adit gallery or horizontal working in a mine. 

LKVIGATION is the mechanical proceu whereby hard Bubstances are reduced 
to a \er) fine powder, 

LEWIS IS the name of one kind of ahears used in cropping woollen cloth. 

LIAS. Under this term are comprehended the strata which interreno between the 
Tnaa, or New Red Series, and the Inferior Oolite. In the aggregate they are of 
conBiderahlc thickness, and occupy a large area in this country, stretcbing in a north- 
easterly direction f^em the sea west of Lyme Regis, in Dorsetshirer to Redcar, on the 
coast of Yorkshire. The strata which compose the Liassio series conaist, in the lower 
part, of compact argillaceous limestone, alternating with or forming layere in clay, to 
a provincial pronunciation of which word the name has probably owee its origin. 
This limestone forms the hose of a thick deposit of blue clays and marls, which are 
overlaid by a series of sands and sandstone, called Marlstone ; these in their turn, are 
separated fi'om another mass of sands, which form the uppeimoit member of the 
group, by a stratum of clay, known as the Upper Lias Clay. 

By the term lias, however, is ordinarily only understood the calcareous and argil- 
laceous ^vision, which constitutes the lower section of the entire formaticii. 

In an economical point of view, it is of considerable value from its furnishing a 
useful and durable stone, both for building and paving i for the latter purpose it is 
particularly suited, not only from the large dimensioos of the flags it anbrds, but on 
account of ito occurrence in thin layers, which, in many eases, when required for 
Touch purposes only, are used in the state in which they are taken from the quarry, 
without undergoing subsequent diessiug. The lime furnished by the blue lias limestone, 
is also well known, and in great request, some of the beds poesessing the valuable pro- 
perty of forming hydraulic mortars and cements, fer manufacturing wbteh it is ool- 
lected from the riiore and the sea cliffs at Cbannooth, and largely quarried at Lyme 
Regis and the neighbourhood. . ^ i « vt i 

The clayey members of the liae frirnirii a poor and cold agriciiltaral Mil, wrhi^ is 
chiefly devoted to pasture, but the land upon the mertstone w, on the cwiliiry» of a 
very rieh and fertite descriotion, and eonstitntes a district, where it prendli^ that it 
marked by the luxurisnee of its crons, and the excellence of the cider it pradM 
In the upper part, it eootidni beds of ferruginotts, brown, ealemwons sandtim, Ifbieh 
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ii used for building purposes m the neighbourhoods where it occurs. The sandstone 
is always more or less of a ferruginous character, but in some instances the ferruginous 
ingredient prevails to such a degree, as to constitute a valuable ore of iron, as in the 
neighbourhood of Blenheim, to which attention has lately been directed by Mr. 
Edward Hull, of the geological survey of Great Britain. 

Like the mailstone, the calcareous sands of the uppermost portion of the liassio 
series also furnish a rich agi icultural soil Until recently, these sands were consi- 
dered to form tlie base of the inferior oolite scriis, but the researches of Dr. Wright, 
render it highly probable that they should, with more propriety, be classed with the 
underlying has, r.itlier tlian with the oolitic Ctrata.* 

The stone found at Cotham and other places m the neighbourhood of Bristol, and 
which has in con>equeiice received the name of Cotham marbie^ and has also been 
called or lanifscape maihkf from the curious delincdtiuns displaced upon polished 
Hcetinns of it, leseniblitig tiees, landscapes, &c., is a limestone from the lower part of 
the has. — H W B. 

LIBAVITTS, Fuming Liquor of, is the bichloride of tin, prepared hy dissolving 
tlicit metal with the aid of heat in atpui regta^ or by passing chlorine gas through a 
solution of muriate of tin till no moie gas be absorbed, evaporating the solution, jnd 
M tting u aside to crystallise The anhydrous bichloride is best prepared by mixing 
four paits of coirosive sublimate with one part of tin, previously amalgamaicd 
with just so much incriury as to render it puherisable , and by distilling this 
iiiixtiiti With a gentle heat A colourless fluid, the dry bichloride of tm, or the 
jiioper fuming liquor of liibaiius, comes over When it is mixed with onc-third of 
Its weight of water it becoints solid. The fit St bichloride of tin is used in caheo- 
pnnting. Sec Calico priming 

LK'HEN A certain set ot plants, composed chiefly of cellular tissue devoid of 
spinal vessels, with the stems and leaves undistinguishable, are termed Thallugins 
'J liese fire of two kinds, the fii«t admitting of two divisions — 

1. thallogens, or such as are nourished thiough tbcir whole suiface by 

watci, aie Algj:. thallogcns nouiished through their whole surface by an 

aiti Liculns. 

2. 'iliallogens nouiished through their thaUus (spawn or mycelittm) by juices 
derived fiom the matrix are Fungi. 

Lichens arc numerous, as Ground liverwort^ Cup moM, Tiee lungtoorU used in 
bihcria as a substitute fur hops in brewing ; (ryrupAoy a employed by the banters in 
the arctic legions os an article of food, under the name of titpe de roche; Hevidter 
iNOM, Jctland much used in this country as a remedy for coughs ; the Common 
yellow wall lichen, and some others. 

The Tinctorial Iwhena are also numerous. They furnish four principal colours, 
brown, yellow, purple, and blue. 

Gyiophara puaiulata and Siuta pulmonana jield brown colours. The latter, with 
moidants of tm and cream of tartar, produces on silk a durable carmelite colour. 
{^Guibofurt') 

Parmelta parietwa and Evemta vulptna produce yellows, the yellow principle of 
the former being called chryeophantc acul, that of the latter vuhintc acid. 

Eocella, Zecanora, VanAuta, &c , yield puiple and blue colours. In this country 
archil and cudbear, purple colours, are prepared. In Holland, a blue colour, litmus. 

The followin|UB a list (from Pereira) of the principal lichens employed by British 
manufkoti^^B Ahrohil and cudbear, with their dommercial names , — 

OBCHBLLl. WEEDS. 

Anmia Orchella weed {R./uc\fomu). 

Madagascar „ „ 

Mauritius „ t, 

Canary „ (A tinctoria). 

Cape de Verd n „ 

Asores „ n 

Madeira h (ditto and/uci^ormit). 

South America, large and round (R. tinetorw). 

South America, amall and flat {K/iicifunm). 

Cape of Good H<^ (P. hypomccha). 

Dr. Stenhouse* to whom we are much indebted for many bntXHiant 
nected with the applieations of chemistry, has given the followiii|^ table of the licwens i'** 

• The «vld«nee brought ftmord bf Dr, Wright iu fhvour of the ItMele orlgla of tbssr 
of K Mlnotitnb uionl naturr \ physically, thr most natural arrangemeM Is to oaoneet ths 

tlio fulerlur oolTte than with tWuai J-H, W. B. 


nurs 


Barbary (Mogadore)(iR tineioriay, 
Corsicau aud Sardinian n 

MOBSSa. 

Tartareons (Lecanara tartarra)* 
PostulatuB (Gyrophora puetu atay 
Canary Ro^ (JRsrairito pttkUay 
Corsican. 

Sardinian. 

Norway Rock Moss. 
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LIl’KNLli'h ItLLi K, 'I'he Silicate of Cobalt and Potash. 

LIGHT. (Xuniiin, Fr. ; Luhtt Germ.) The operation of light as an agent in 
the arts or manufuuctuics hus seal cel j }et received attention. Suflnieut evidcrxe 
has however been collected to show that it is of the utmost imi>ortance in prmlueing 
man} of the remarkable ehaiigcs in bodies which are desired in some coses os the 
result, but which, in others, are to be if possible avoideil. 

There is a very general misconception os to the power or principle to which cer- 
tain phenomena, the result of ex|io8ure to sunshine, are to be referred. In general 
light IS regarded as the principle in action, whereas firequently it has nothing a hat* 
ever to do with the change. A few words therefore in explanation are necessary. 
The solar ray, commonl} simkeu of as %At, contains in addition to its luminouM power ^ 
calorific poweTf chemical powvr^ and in all probabilit} electrical power. Actinism.) 
These pnenomcua can lie separated one from the o&cr, and individually studied. All 
the photographic phenomena are dependent npon the chemical (actinic) povier. 
Many of the peculuir changes which are effected in organic bodies are evidently due 
to light, and the phenomena which depend entirely on heat are well known. 

Ucrschel has directed attention to some of the most striking phenomena of hght^ 
especially its action npon vegetable colours. As these have direct reference to the 
permanence of d^s, they are deserving of great attention. The following quotation 
from Sir John lierschers paper ** On the Chemical Action oj the Bage the Solar 
Spectrum, (rc.** will explain his views and give the character of the phenomena which 
lie has stomed. He writes — 

** The evidence we have obtained by tbe foregoing experiments of the existence of 
chemical actions of very different and to a certain extent opposite oharacteri at the 
opposite extremities (or rather os we ought to express it in the opposite regions) of 
the spectrum, will naturally give rise to many interesting speculations and conclu- 
sions, of which those 1 am almut to state, will probably not be regarded as among the 
least BO. We all know that colours of vegetable origin are usually considered to be 
destroyed and whitened by the continual action of light. Tbe proe^ however, » 
too slow to he made the sulject of any satisiactory series of experiments, and, in 
consequence, this snbject, so interesting to the painter, the dyer, and the general 
artist, nu b^n allowed to remain nninvestigated. As soon, however, as thew evi- 
dences of a counterbalance of mutnally opposing actions, in the elements of which the 
Solar light consists, offered themselves to view, it occurred to me, as a reasonable 
subject of inquiry, whether this slow destruction of vegetable tints might not be duo to 
the feeble tmonnt residual action outstanding after Imperfect mutual eottpenaatiou, 
in the ordinary way in which such colours are presented to light, Le to mixed ra}S» 
It appeared mererore to ment inquiry, whether such colours, suljeeted to the mi- 
compensated aotioo of the elementary rays of the spectmni, might not undergo 
changes differing both in kind and in degree which mixrd light fwoduees on them, 
and snieht not, moreover, by sudli changes indicate chemical profNHtka In the toys 
themselvei hitherto unknown. 

** One of the most intense and beautiful of tbe vegetable blues is that yidded by the 

VoL. II. S K 
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blue petals of the dark \e 1 vt‘tv varieties of the common heartsease ( Vtola biculor). It 
is best extracted by alcoliol The alcoholic tincture so obtained, after a fe^K days keep- 
infr in n stoppered phial, loses its fine blue colour, and changes to a pallid broMni&h 
red, like that of port irinc discoloured by age. 

** When spread on paper it hardly tinges it at first, and might be supposed to have 
lost all colouring virtue, but that a few drops of very dilute sulphuric acid spriukh d 
o\er It, indicate by the beautiful and intense rose colour developed where they fall, 
the continued existence of the colouring principle As the paper so moistened with 
the tincture dries, however, the original blue colour begins to appear, and wlicn quite 
dr^ IS full and rich The tincture by king keeping loai s this <|uality, and does not 
seem capable of being restored. But the paper pi eserves its colour well, and is even 
rather remarkable among Tegctable colours for its permanence in the dark or in 
common daylight. 

** A paper so tinged of a very fine and full blue colour, was exposed to the 
solar hpi*ctruin concentrated, as usual (October 11,'183'J), by a prism and lens, a 
water-prism, however, was used in the experiment, to i ommand os large an area of 
sunbeam as p issible The sun was poor and desultory ; nevertheless in half an hour 
tlieie was an evident commencement of whitening from the hdueial }ellow ray to the 
mean red. In two hours and a half, the simskmo continuing very much interiupUd 
h\ douds. the effect was marked by a considerable white patch extending fiom the 
t xtrcnic rt d to the end of the violet i ay, but not traceable beyond that limit Its com- 
nuncimcnt cind termination weic, however, very feeble, graduating oft insensibly) 
but nt the maximum, which oecuricd a little below the fiducial point (corrt. spending 
nearly with the orange rays of the luminous spectrum), the blue colour was completely 
dischaiged Beyond the violet there was no indication of increase of colour, oi of any 
other action. I do not find that this paper is discoloured by mere mdhuit heat 
iinaccoiiipanied with light 

Ih George WiUon of Edinburgh made some exceedingly interesting expennients 
un the it\fluence of sun li(fht over the action of the dty gasa on 07 garni colours The 
Ksults arrived at were communicated *0 the Biitish Association, and an abstraet ot 
the communication is published in their transactions The experiments were on 
chlorine, sulphurous acid, sulphuretted hydrogen, carbonic acid, and a mixtuie of 
sulphurous and caibonic acid, oxygen, hydrogen and nitrogen on organic colouring 
matters ** I had ascertained,” says Dr. George Wilson, ** the action of the gases 
mentioned already on vegetable colouring matters, so arranged, that both colouring 
matter and gas should be as dry as possible, the aim of the inquiry being to elucidate 
the theory of bleaching, by accounting for the action of dry chlorine upon dry colours 
In the coarse of this inquiry, 1 ascertained that m darkness dry chlorine may be kept 
for ihrtH years in contact with colours without bleaching them, although when moist 
It destroys their tints in a few seconds (see Bleaching) , and I thought it desirable 
to ascertain whether dry chlorine was equally powerless os a bleacher when assisteil 
b\ sunlight. The general result of the inquiry was, that a few weeks sufficed for the 
bli aching of a body by chlorine iu sunlight, where month|, I may even say yem^i 
would not avail in darKness” The form of the experiment was as follows, four 

tutus were connected together so as to form a continuous canal, thiongh which a 
current of gas could be sent Each tube contained a small glass rod on which sev^^ 
pieces of differently colourtd papers were spiked. It is not necessary hero 
the em)doyed, suffice it to say, that all the tubes thus contained seven 

colcJ^cniiapeTs, of different origine, and easily disUnguisbable by the eye. They 
were arranged m the same order in each tube, and were prepared as nearly ^ 
possible of the same shade. These papers were carefully depriv^ of every trace <» 
moisture by a current of very dry air The tubes were then filled with the 
dried, on which the experiment was to be made. One tube of each series was kep 
m darkness, two others were exposed iu a western aspect behind glass, and the otae 
was turned to the south in the open air. 

The results were as follows : — In the dark chlorine tube the cblouri were 
little altered, and would probably have been altered lees had not the tube bew 
quently exposed to light for the sake of examination. In the weatern tm» < 
original grey and grten wallflower papera became of a brighl crimiOPi t^ ? ^ 




apparently entered into combination with the colouring natteri fitf the 
the gas had totally diaappeared. In the southern tube tM colour iff OBW™!* 
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Sulphuroia actd, if thomoghl} diied, nmy lie ktpf formonthi in contact with diy 
colours without altering them; under the luAucnce ot iunlight it however recovers to 
some ixtont its bleaching power 

Sulphuretted hydrotien acts as a wt ik aci 1, and readily ar< i 1 i vohir when moist, 
and becomes imctise in both lespeets it mudi d ti,d kept it dmkness Uiih the 
is&istanic of sunlipht it lecuvii • in no inconsiderable rtegrie n hj»aih iig powei. 

Oxuaen is a wtll known bhachiug agettt, but whin dry »fs icfin ijfwu* roluiiiing 
matter m the daik is i rtremcly slow la sunlight, liom vn, i i< v nc r. iN blcotbiug 
powt r 

Ckibonir acid wlun dry in darkticsa, l^es all ;ot r n lonin natter, hut u 
fami bleaching action is exi rted h' it under exposure r i mi t 

Htfdntqtn ii v Uhout nu> ttUioii v hen di> upon cohu s i n i ;uirts a bight 
I olorising power when exposed to sunshiuc. 

“ The gincial nault, concludes I)r. George Wihon ih impiny, so far as 
It has yet proceidid, 1% that the bleachin;. gises » / lilnn hiiiphuiniis acid, 
hi lettid 1 ^diojin \nd ox}gca, lose nearly all th u ou 1 hin powii, it dry and 
o dirkm nut all lcco^br it, and cUloriu* m a nubt 1 la 1 , 1 di;.ri( by exposure to 

<* iiibght * 

All tilt be cxpenmciiis jppiar to bhow thnt tiu u tion of the solai r 4 i}s on vegctablu 
ioloiis IS (1 iKiehnt upui the povn r |»oss<ss 1 h\ one set of rajs to aid in ihi 
oMdition or chi ruical < liangcs of the oigauu conipouu 1 constituting the colouring 
matter The whoh iin»^ r uquirts carefut investigation 

It IS a pit \ed fuel, that c hmimg uiattcis, i ithir fium the mineral or the vcgctahle 
kingdoms, are much brighter when they are precipitated from their bolutioiiH 111 
bright sunshine, thia il precipitated on a cloudy day or in the dark Jt must 
not bo siippobcd that all the changes observed are due to chemical action , tJieie 
can be no doubt but many arc puiely physical phenomena, that is, the result of mole- 
cular change without any c hem It al disturbance 

LIGHT, KLM I hit' bee Luctru Lioiir 

LIGHTHOUSE '1 he importance of lights oi gicat power and of a distinguish- 
able character around out coasts is admittt^ by all One of the noblest efiorts of 
humanity is certainly the construction of those guides to the mariners upon rocks 
which exist in the tracks of ships, or upon dangerous shores and the moutos of har- 
bours. This is not the place to enter largely upon any special description of the 
lights which are adopted around our shores, a briet account only will be given of some 
of the more remarkable principles which have been introduoid of late years by the 
Trinity Board. 

The early lighthouses appear to base been illuminated by coal or wood fires con* 
tamed m “ chauffers,” The Isle of Man light was of this kind until 181G. The first 
decided improvement was made by Argand, in 1784, who invented a lamp with a 
circular wick, the flame being supplied by an extenial and internal cut rent of air. • 
To make these lamps more effective for lighthouse illumination, and to prevent the 
ray of light escaping on all aidv« a reflector was added in 1780 by M laiuoir; this 
threw the light forward m p*iral)cl rajs towards such points of the honson as would 
be useful to the mariner. Good reflectors increase the luminous effbet of a lamp 
about 400 times; this is the **oatoprie'* system of lighting. lYhen reflectors are 
used, there is a certain quantity of light lost, and the ** dioptno” or refraeuny system, 
invented by the late M. Augustin Fresnel in 1822 is designed to obviate this eff(*ct to 
some extent: the **catadioptnc” system is a still further improvement, and acts both 
by refraction and reflexiou. Lights of the first order have an interior radius or focal 
distance of 36412 inches, and are lighted by a lamp of four concentric wicks, con- 
suming 570 gallons of oil per annum. 

The appearance of light called short eclipses has hitherto been obtained by the 
following arrangement: — . . 

An apparatus for a fixed light being provided, composed of a central eylmder and 
two lones of catadioptric rings fonning a cupola and lower part, a certain number of 
lenses up arrangied at eqtufl distances from each other, placed npon an exterior 
movable frame making its rsvoliition sroond the apparatus in a l^^sn 
lenses, minmiscil of rertical prisms, are of the same alt vude « the cylinder, and the 
radius of their ennres is in opposite directions to those of the eylind4^in Mch a 
manner that at their passage &ey converge Into a naraUel pencil 
diveigent mys emitted horisonuUy from the cyUnder produoiM a brilllaiit effset, 

like that obtained by the use of annular lenses at the revolvmghj^thoi^ . ^ 

Before prooeeding with the description of the lenses, the following nouecs esay be of 

Th? iMdyfftimt Lighthouse 96 miles from the Rame Heed, on the const of Cum- 
wall. wns erected of timber byVinsunley in 1696>98, end wef washed away in 

3 K 2 
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1703. It was rebuilt by Rudyard in 1706, and deitroyed by fire in 1755. The pre- 
M'lit edifice was erected* by Smeaton 1757-59. Tallow candles were used in the first 
instaiice for tbc lights; but in 1807 argond lamps, with paraboloidal reflectors of 
silvered copper were substituted. 

7'he Skerry voro Rocks, about 12 miles south-west of Tyree on the coast of Arg}le- 
shirc, lying in the track of the shipping of Liverpool and of the Cl} de had long been 
regarded with dread by the mariners frequenting these seas. ^ The extreme difficulty 
« of the position, exposed to the unbroken force of the Atlantic Ocean, had alone de- 
terred the commissioners of northern lights from the attempt to place a light upon 
• this dangerous spot ; but in 1834 they c^sed the reef to be surveyed, and in 1838 
Air. Alaii Stevenson, their engineer, inheriting his father'b energy and scientific skill, 
commenced his operations upon a site from which ** nothing could be seen for miles 
around but white foaming breakers, and nothing could be heard but the howling of 
the winds and the lashing of the waves.” His design was an adaptation of Smeaton's 
tower of the Eddy stone to the peculiar situation, a circumstance with which he had 
to contend, lie established a circular base 42 feet in diameter, rising in a solid 
mass of gneiss or granite, hut diminishing in diameter to the height of 26 feet, and 
presenting an even concave surface all around to the action of the waves. Imnie- 
diutely above this level the walls arc 9‘58 feet thick, diminishing in thickness as the 
tower rises to its highest elevation, where the walls are reduced to 2 feet in thickness, 
and the diameter to 16 feet. The tower is built of granite from the islands of Tyree 
and Mull, and its height from the base is 138 feet 8 inches. In the intervals left by 
Uie thickness of the walls are the stairs, a space for the necessary supply of stores, 
and a not uncomfortable habitation for three attendants. The rest of the establish- 
ment, stores, &c., are kept at the depot in the island of Tyroc. 'J'he light of tbe 
Skerryvore is revolving, and is produced by the revolution of eight annular lenses 
around a central lamp, and belongs to the first order of dioptric lights in the system 
of Fresnel, and may be seen from a vessel's deck at a distance of 18 miles. — 
Loid Ve Mauli% Juror*a Jiepottt Great Exhihxiiont 1851. 

Some of the lenticular arrangements must now claim attention. Large lenses, or 
any large masses of glass, are liable to strife, which by dispersing, occasion a loss of 
much light 

** In order to improve a solid lens formed of one piece of glass whose section 
is A, fii, p, B, F, E, B, c, A, Buffon proposed to cut out all the gloss left white ia the 
figure (1132), namely, the portions between m p and n 0, and between n o and the 
left hand suHaee of p e. A lens thus constructed would be incomparably superior 
to a solid one, but such a process wc conceive 1^32 1133 

to be impracticable on a large scale, fh>m the ^ n 

extreme difficulty of polishing the surfaces A — ["'■v. 

A TO, B p, 0 w, p 0, and the left hand surface of «• A o ^ 

3> E; and even if it were pnctical, the greatest / m f k \ 

imperfections of the glass might happen to /"m** / / V i 

occur in the parts which are left. In order I ( I V v 

to remove these imperfections and to construct 1 \ V / j 

lenses of any sixe,” says Sir David Brewster, ym \ c J 

“ I proposed in l81 1 to build them up of sepa- 9 r tT ^ 

rate xones or pings, each of which rings was V 
aga in ^ be composed of separate segments, as 0 * 

shqMk the front view of tbe lens in fig. 1133. This lens is composed of one cen- 
tralJens a b c d, correspondmg with its section d e iu fig. 1138 ; of a middle ring 
u E L I, corresponding to c d e f, and consisting of 4 segments; and another ring 
N i» K T, corresponding to a c f B, and consisting of 8 segments. Tbe precedmg 
construction obviously puts it iu our power to execute those leases to which 1 have 
given the name of poigzonal hnaea^ of pure flint glass free from veins ; but it posses^ 
another great advantage, namely, that of enabling us to correct very nesrly 
spherical aberration by making the fbei of each acne coincide.** — BnwiUtr* 

This description will enable the reader to undentand tbe system which bsi 
adopted by Fresnel and carried out by the French government, and by our own 
missioners of lights. 

In the fixed dioptric light of Fresnel, tbe flame is placed in the centre of T 
paratus, and within a cylindric reflector of gloss, of a vertical refiraeting 
breadth and height of a atrip of light emitted by it being dependent npoti we W ^ 




^blUiyj upo^the inner ude of the none are rafifaoted, pass ^ ^ 

are again refir^ted. The effect of ^cae xoues Is to lefigthen the teflW 
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%ht, tho h\ze of which is dependent upon ilic hrcudfli </f (he flanu and the height of 
the npparotiis. 

In Fresnels n solving lighthouse, n large llaiiit 4 placed la I he cenfe of a rcrolv- 
mg frame chilli carries a namher of lcn«es on a l.irgesiul*> and of sanous eurvn- 
tiires for the avoidance of spherical ahermtiotii. W;ih the \i«ik oi collecting the 
divergent rays alnive the dame, an anmngement of lenses and bd^erc<l mirrors is 
placed immediateiv over it. By this compound arringcineot flo* soiipiv revolving 
fdiniacter of the apparatus is deitroyed, as, in additwoi to ih-- TovoKojg Hash, a ver- 
tii ui and fixed light is at all times seen, adt^d to which t gr^ it 'le:* • light must hi* 
sustained hj the Ins^ of mc'allu reflectors In doiis Wdk ns ond la*totir- 
m Hi, exhibited a catadioptric appataius rf great utdit}, it i tiois deaciiUd by 
r K I xhihitors -• 

The firki imi>i oveinent has sjicclal reference to tin 1* 1h itnd > roduces a eonsider- 
nli increa*e in its power, whilst the siniplicity of ihi* « ptu it an iiigemeots is also 

(.irdcd. 1 consists, first!}, in cnmpleUt) aisp( ris>ii/ v^itli thi iiiovahle central 
« ' iiitdiical lenses, hcroiidiy, it replaces tin si* hv a sii»gl • i*'\olviiig c} It iider composed 
ot four luinular lenses and four lenses of a fixed iiglit introduced between them ; hut 
the number of each varying according to the succession of flashes to be produced in 
the period of resolution. 

The second iiiiprovement, of which already some applications that have been mode 
serve to show the iinpuitniic. , consists in a new method of arranging the revolving 
parts, experience having shown that the nrrangenieiits at present in use are very faulty. 
\ short time is sufficient for the aetion of the (Viction rollers, revolving on two 
parallel planes, to produce by a huccesaion oi cuttings a sufficiently deep griMwe to 
destroy the regularity of the rotatory movement. To obviate this great iiieoiiviiiience 
the friction rollers .ire so placed and fitted, on an iron axis with regulating sere ws and 
traversing between two bevelled surfaces, that when an indentation is nnule in utiu 
place they can be adjusted to another part of the plates which is not so worn. 

The third improvement produces the result of an increase of the power of the flashes 
in revolving lighthou>ie apparatus to double what has been obtained hitherto. By 
means of lenses of vertical Jirisms placeii in the prolongation of the central annular 
lenses, the divergent rays emerging from the catadioptric zone are brought into a 
straight line, and a coincidence of the three lenses is obtained. 

The whole of the prisms, lenses, and tones are mounted with strength and sim- 
plicity, accurately ground and polished to the correct cums according to their re- 
spective positions, so as to properly devclope this beautiflil system of Fresnel. The 
glass of which they are composed should be of the clearest crystal colour, and free 
from that greeu hue which so materially' reduces the power of the light, and is con- 
sidered objectionable for opparatns of this kind. The lamp by which the apparatus is 
to be lighted consists of a concentric burner with four circular wicks attached to a 
lamp of simple construction, the oil being forced op to the burner by atmospheric 
pressure only, so that there are no delicate pumps or machinery to berniue derangi'd. 

Stevenum^t revolving Itghthouff. — This apparatus consists of two parts. The prin- 
cipal part is a right octagonal hollow prism com|x»cd of eight large lenses, which 
throw out apoweml beam of light whenever the axis of asin^Tc lens comes in the line 
lietweeii the observer and the focus. This occurs once in a minute, as the frame which 
liears the lens revolves in eight minutes on the rollers placed beneath. The subsidiary 
I>arts consist of eight pyramidal lenses incUned at an angle of ao<’ to the horizon, and 
forming together a hollow truncated cone, which rests above the flame like a cap. 
Above these smaller lenses (which can only be seen by looking fVom below) are 
placed eight plane minors, whose surfaces being inclined to the horizon at fiO^ in the 
direction opposite to that of ths pyramidal lenses, finally cause ell the light made 
parallel by the reflaotion of these lenses to leave the mirror in a horizontal direction. 
The only oMect of this part is to turn to nsefbl account, by prolonging the duration 
of the flaih, that part of the light which would otherwise escape into the atmosphere 
above the main lenses. This is effected by giving to the upper ienaes a slight hori- 
zontal divergenee from the vertical piano of the prineipsi lenses. Beloir are five 
tires of totally reflecting prisms, which intercept the light that pasres below the great 
lenses, and by means of two reflenions and an inlermediale refraction prqject them in 
the shape of a flat ring to tbs horizon. .u. vi ^ 

SUvenaeiCe fixed dwptrw epparatne of the first order (same as that nt the ble of 
May, with vaiioai imwotciiiOnts> The principal part consists of a eyilodne belt of 
glass which surrouDds the flame in the centre, and by its Mtton nt^U the light in 
tt vertkai direction upward and downward, so as lo be wraUel wi^ t^ focal plane of 
the system. In this way it dwows out a flat ring of light squaUy mtm in 
direetion. To near observers, this actioD presents a narrow vertical hend of Kghti 



870 


LIGNITE 


Aipondinf? for itn bnaJth on the extent of the lioii/ontal angle embraced by the 
J liih urruii|^Lm< lU tbcii fort iulfilh all tin e >ii litious of u fixed light and iturpassi s in 
( fh c t an> ui r iiigenu lit of parabolic reflLctorb In oidi r to a i\ i the light m huh would 
bt lost in piMiiig above and below the e>lmdrienl lult, curved mirrors with their 
lotntiioii focus ill the lamp were formerly used, but by tin present engineer the 
adaptation of ratadmpiru rones to this pirt of the apparatus was after much labour 
buecehhfiill) carried out These zones are triangular and act by totaf reflexion the 
iiiiiei hi e refratUntj the aecuid totally tcjlittiuq and the third or outer fact n see md 
X\\i\r lifrachnq sous to cause the light enioige honzimtally Ihe app«.ratus has 
rice I ved nuuiy smaller changes b} the introduction of a new mode of grouping the 
\ar oils parts of the frame woik hy which the passage of the light is less obscured in 
cMri uiinuth 

Meehiuiie il lamps of four wieks are used in these lighthouses in these the oil is 
kept eoiitinuallv o\<iflowing h} means of pumps which raise it fiomthe cistern below 
tliiih the lapid eurhonisatioii of the wiekb which would Ik euuhcd b} the great beat 
IS avoukel J he 11 lines of the lamp reach their best efteet in three hours after light 
iiig r r after the whole of the oil in the cibtem» by pissing and lepissing o\er the 
wicks lepe lUdl} has lenditd its miximniii temperature After this the lamp often 
hums 14 hours without sensible diminution of the light and then rapilh f ill^ Ihe 
height MU 1(6 from lb to i J times that of the argand flune of an inch in dianietei 
and the quantity of oil eonsumed 1\ it is greater ntarh in the sinie propoit on 
In S* tHHoHh otdniart/ paraltl { icfttitor re ndered Ao/ep/ie W (where the entire 
light is puTiilhl id) b\ a poition of i e itidioptiic anniilui lens the hack part of th 
paiilolie cnnoi 1 is cut ofl iiidapoition of u sphciicnl miiioi substituted so is te 
bend the iu}S again through the flinie while his holt pip ful t ttadioptur mn ular ItnK 
app oaf MS IS a coiiihination i f i hemispherical mirr >r in I i le ns lia\ ing totally re fleet 
ing zones , the peculi iiity of this arriingement is, that the catadioptnc rones instiad c f 
tiunsmitting the light in parallel horizontal plates, as in 1 resnel s apnai itiis ^rodue < s 
as It were, an extension of the lenticular or e|tiaqiia\ersal action of tut centrU lens by 
asse nibling tlie light around its axis m the foim of coneentne hollow cyhndcis 
Mr ('hanc(,of Birmingham, constructed a lighthouse which may be regarded as 
Fresnds levolung light rendered hoi photal I his arrangement was divided into 
time compartments, the uppci and lower of which were composed rcxpcctirelv of 
thiiucn and six catadioptnc zones which produce the vertical stiip of light extending 
the whole length of the apparatus and is similar to fresners dioptric light The 
central or catoptiic couipaitnient c insisted of eight lenses of three feet focal length 
each of which was the centre of a senes oi eleven concentric prismatic rings, designed 
to produce Uic same refractive effect ns a solid lens of equal sire Ihese compound 
leuses werenionuUd upon a revolving flame and trinsniit^ horizontal flashes oHight 
as they suocessistlv totaled The motion was coromunicated to the frame by a clock 
movement, and performs one leiolution in four minutes, consequently, as there arc 
eight lenses a flash of light is trinsmittcd eiery thirty seconds to the horizon 
lilGNEOUS MATTER is vegetable fibre See Fibrj Veoftadll 
LIGNITE Under Brown Coat*, Roohsad Coal, and CoAL,tbe cliaractcnstics of 
lignite have already received attention, therefore little further need be said Tbe 
term lignite should be confined to fossil wood or, still more correctly to wood which 
hns undergone one of the changes leading toward^ the production of coal If wood is 
burud in j|Di8t earth there la the production of carbonic acid from the elements of the 
wood, anMle wood is changed into either lignite or brown coal Lignite and coal 
diflPer ehcinieally from each other Lignite y lelds by dry distillation acetic acid and 
acitati of ammonia whereas coal produces only an ammoniacal liquor (JTrsinsr#) 
oudy fibre gives rise to acetic acid, therefore, lignite must still contain nndecomposed 
woody fibre The following table gives the composition of several wdl known 
lignitcb 



Carbon. 

Hydrrgen 

Oxygen and 
Nltrofsn 

Earthy 
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ChcniUi 

From Uttweiler - 

77 9 

26 

19 6 

1 

Karstsn 
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67 3 

48 


08 

Kendtwieh 

„ the Rhone • 

79*2 

49 

90 1 

1 8 


„ Meissner - 

68 6 

69 

19 0 

£3 

Grfiger 

„ Bovey Heathfield 

67 0 

68 

248 

- 
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In Pruuia, Austria, and many other parta of the eontinent, lignite forms n tery 











LIME. 


871 


iaiporttnt product, being largely employed An* domeatic nod fur manufkoturing 
pur|>oics In thia country, with the ningle exception of ilie Borey UcaiMekl formatiou, 
which IS used in the udjoiiiiiig pottery lignite la not employed. 

LI(iNnM*Vn\fS, or GiMuKttm {^Uuaiaatm nfftmuilt and if, satirtum), a very 
hard and heavy wool Tin fibrous atructnre ol ihia wood la veiy remarkable ; the 
fibres cross each other soinetinHis as <ib|iquely M ui lu angle of 80 degrees with the 
AXIS, as if one gioup of the annual itijera wound to the right the next to the leA and 
ao on, with any exactitude. I'he wodd can hardly hf split, it la thci*efore divided by 
the KAw. Lignum' vittD is much used in inachinory tv /nllera, preasf k, nulla, Ac., ond 
for peatles and mortars, aheerb h>i 8hip*a hlocka. bkittle balls, and a e,i<at variety of 
other worka roquinng bardiuM and atiength. 

"Ilio nm guaiacum of the apothei ary extracted from this w\K>d 

JilLAC liYK See ('tin o printing, l)y£iMci, ani* Amiunk 

IJMA ’WOOD See lliuzit Wooi> 

I I MR. The Citrus Linu'tia, yielding the lime jui'e no iniuli eateciiied fur 
fiaiouring aiiiiijet, punch, &o 

LIME. (,>tfirA/iai€, an ihidr of Cfihium Tins um (ul substance is prepared by 
hnniiog calcareoua atones in kiln^ or furnaces 

I.imestone used to be ciilciiied in u veiy rude kiin. formed by inclo«ing a circular 
xpacc of lOor Ti ft*et diameter, by rule arom* walb I or feet hi,;h, and filling 
the cylindrical cavity with alternate liyerb ui turf or coal and hnieatune hroKeu 
luio nioderati pieces. A bfd of hiu*diW(NHl wan usiinliy placed nt tin lottoni, to 
Ittcilitate the kindling of the kiln Wlienevir the coinhiistioii was fairl\ eiMiiineiiri d, 
the top. pill d into a ronioal form, was covi red in wiih sols, to leinlu the tulu- 
iiation blow nud i giilai. This method iHUiig found relatixcly iruoiMinunt and 
inr>tfectuat, was succeeded by u permanent kiln built of atones oi biiekwoik, in the 
sliaiHf of a truDCuted cone with the narrow end undermost, and cloaed at bottom by 
an iron grate. Into this kiln, the fuel and limestone were introduced at the top in 
alterndte layera, bt'ginntng of courae with the former ; and the ehurgi* waa either 
allowed to burn out, when the layer was altogether removed at a door near the bottom, 
or the kilo waa aucceasively fed with fVesh materials, in altemato bedt*, u the former 
supply sunk down b\ the calcination, while the thoroughly burnt lime at the bottom 
was aucceasively raked out by a aide door immediately above the grate. The tnieriur 
of the lime kiln has been changed of late yeari from the conical to the elliptical form, 
and probably the beat is that of an egg placed with its narrow end undermost, and 
truncated both above and below ; the ground plot or bottom of the kiln being com 
pressed so as to give an elliptical section, with aii ej/f or draft-hole towards lach end 
of that eHifiae. A kiln thus arched in above givea a reverberatory heat to the upper 
materials, and also favours their falling freely down in proportion as the finished 
lime is raked out below ; advantages wbicb the conical form does not afford. The 
aixe of the dniA-holea for extracting the quicklime, should be proportionate to the sixe 
of the kiln, in order to admit a sufficient current of air to aaeend with the smoke and 
flame, which is found to facilitate the extrication of the carbonic acid. The kilns are 
called per/iete^i/, because the opi ration is carried on oonttnuonsly aa long aa the build- 
ing lasta I and drav-Ailna. from the mode of diachirging them by raking out the lime 
into carta placed againat the draft-holea. Three boahels of calcined limeatone, or 
lime-ahelU, are produced on an average for 6vei7 bushel of coals conaumed. Such 
kilns should be built up againat the face of a cliff, lo tliat easy aocem may be gained 
to the mouth for charging, by making a sloping cart road to the top of the bank. 

1134, 1 135, 1 186, 1 137 represent the iime-Ai/a of Rilderadorf near Berlin, upon the 
eontinuons plan, excellently constructed for economising ftiel. It ia tri^e, and yields a 
threefold product Fig 1 186 ia a view of it as teen from above ; Jig, 1 187, the elevation 
and general appearance of one aide ; 1 134, a vertical section, nndjtg. 1 135, the gromid 
planintheline ABCDof>^. 1134 llie inner ahalt^^. U35,haatheformof two trun- 
cated eonea, with their larger circular ends applied to each other ; it hat the greatest 
width at the level of the fire-door 5, whereit it 8 feet in diameter t Hia narrower below, 
at the diaeharge door, and at the top orifice, where it it about 6 foet in diameter. The 
interior wall d, of the upper thaft it built with hewn ttonee to the height of 38 feet, 
and below that for 35 feet, with flre-briekt # laid itepwite, Thit inner wall it 
turrounded widi a mantle t, of limettone, but between the two then ia a amall Tteent 
•peee of a few hiehet filled with aahet, in order to allow of the expenaion of the interior 
with beet taking place wrlthont ihnttering the meet at the bnilding. 

The fire-gmte, 5, ooneiaU of flre-tilet, which et the middle, when the tindle pieeet 
preia together, lie npon en arched support / The fire-door it also enhed, and It eeenred 
by fire-tilet. pit the iron doOr in front of that orifice. The tilea which form the grate 
hevefi or 4 aiitaof tn inch wide Ibr admitting the niTt which entan thronghthe eaael A 
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'1 III* undt r part of the sh ift fiom tlio Are to tlio lionrtli iR 7 feet, and the outi r enchasing 
Utill IB coiibtruiled of liiiiestouPi the lining K‘ing of fire>hiickb. Here aie the ash- 

II.U irui 



in5 



pit I, the diBcharge outlet a, and the canal A, in front of the outlet Each aah-pit ia 
Bhut nith an iron door, which is opened only when the space t becomes filled with 
ashes. These indeed are allowed to remain tdl they get cool enough to he remoyed 
without inconvenience. 

The discharge outlets are also furnished with iron doors, whioh are opened only for 
t.iking out the lime, and are carefiilly luted with loam during the burning. The outii 
walls < IN n of the kiln, are not essentially necessary, but couvcnicnt, because they afford 
room for the lime to lie in the lower floor, and the fuel in the second. The several 
Stories are formed of groined arches o, and platiorms />, covered over with limestone 
sliihh. In tJjethird and fourth stories the workmen lodge at night. See fig 1 187. Some 
enter thei^partments by the upper door q ; others by the lower door a, r is one of 
the chimneys for the several fireplaces of the workmen, f, k, e are stairs. 

As the limestone is introduci^ at top, the mouth of the kiln is surrounded with a 
stiHing iron balustrade to prevent the danger of the people tumbling in. The platform 
w laid with rails in, for the waggons of limestone, drawn by horses, to run upon, x is 
another railway, leading to another kiln. Such kilns are named ^(ter the number of 
their fire doors, single, twofidd, threefold, fourfold, &c. ; firom three to five being the 
most .usual The outer form of the kiln also is determined by the number of the 
turiiaocs; being a truncated pyramid of equal sides; and in the middle of each alternate 
Mde there is a fireplace, and a discharge outlet A cubic foot of limestone requires for 
huraing, one and five-twelfths of a cubic foot of wood, and one and a half of turfi 

When the kiln is to be set in action, it is filled with rough Umestones, to the height 
f' i>, or to the level of the firing ; a wood fire is kindled in o, and kept np till the lisw 
I*! Cttleined. Upon this mass of quieUime, a fhah qnantity of limestones u introdne^ 
"*0“^*** in buckets, till the kiln is qnite ftdli while 

WmHi 1 '^ 1 ® ^ hmesiones » piled up, about 4 foot high. A turf-fifi ii 

Kiuuied in the furnaces A Whenever the upper stones ari well cafoineA the 
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nndcr the firp-lovel in taken out, tlic HUpertor ool imn fklls tn, n now cono is piled up, 
and til proocos on thiiK uitlionf 111*01 rii|ii ion, and witlit> < ii ‘noiiiisitv of oiuv 
piittuif; n tiro into a ; for lntil^> hpaoc o 11 , tiu liuio must be iv ^ II caUiiiod. 'I’iio 
discharge of liniu tnkis place erery 12 hoor«, }**i t it amounts nt 1 a* h time iu a thn e* 
fold kilu, to troin 20 to 2 1 1*: wssian tonn<« oi ft iu>| trial buBhelA « a< li , or to 130 hublielH 
imperial upon the iveiage. It u fniutd by et pirn nee UuiU fti K-hroken linieatoin, 
which contains \ little uioihtiirc, calutnen more reaililv than hj« hoiu dried h> 
exposure for honie tune to the air , m cuMcituetus f the vapour ■ * wider proinotiof^ 
ill'* I scape of the catbouic tctl bjw a fact well * « iiipld ut n dih'id ng eiwential oiU, 
IS oil of turpentine ind naphtha, \iliuh (•me o\i*r w*t' *tu tu im < ' w^utc’ at upwards 
of lt»0® Kahi. below th» ii na u.al term of ebtdhln . Six ini*diiUoi lluderikdoif 
•luicklimo wiigh fVom 330 to SOG (ouudi. 

Anhydroux hme, ofi as it is commonly called tjm / Inm ', ' is nn ninorphoiia tolidf 
\arying much m coherence, according to the kind of isk L fioni which it is obtained; 
its spc^lBe gravity vari(*s finm2 1 to 3. Lime is on* of the luoAt infusible bodies 
\ inch we pobsess ; it resists the highest heats of oai lunutccs. 

When exptuied to air, quicklime rapidly absorbs water and crumbles into a |»owder, 
commonly known ns sAiAed Umt, which is a hytUatt of imf, 

ilydiate of lime whtm expos^ to the air H>yiorbs carbonic acid, and after long cx- 
fiosure It is converted into n mixture of carhunati of lime and liydrat<*of lime in single 
equivalents. ll}drate of time is but slightly Siduhle in water, 723 to 713 parts of that 
fluid dissolving only 1 part of the hinc at ordinary tempcrntiiros. 

Hydrate of lime is npplietl to numerous purposes in the arts and manufiictiires. It 
IS eliiefly employed in the ]>rcpamtioti of mortar for building pin poses. Re(> MoiiTAn. 

The pun' lains, prepared fVom the carbonates of lime, form an im^ierfict mortar 
suitable only for dry smintions. In damp buildings or in wet bitiiations they never 
set (as the process of hardening is teehnitfally termed), hut always remain in a pulny 
btate. General Pasley says, ** The unfitnebs of pure lime for the purposes of hydraulic 
architecture has heen proved by several striking circuiubtances that have come under 
iny personal obsorvution, of which I shall only mention a few. First, a grout portion 
of the boundary wall of Kochester Castle having been completely uudemiined, D(‘ai‘iy 
throughout its whole tliickncvs. which was conbiderablo, whilst the upper part of the 
baim* wall was left standing, 1 had always ascribi'd this remarkable breach to violence, 
considering it as having ht>eii the act of persons intending to destroy the wall for the 
sake of the stone ; but on examining it more aceuratcly after I had begun to study 
the subject of limes and cements, I observed tliat the whole of the breached part was 
washed by the Medway at high water, and that all the mortar of a small portion of 
the back part of the foot of the wall still left standing was quite soft, but that towards 
the ordinary high water level it became a little harder, and above that level it was 
perfectly sound. I observed the same proeess at the outer wall of Cockham Wood 
Fort, on the left bank of the Medway below Chatham, of which the upper part was 
standing, whilst the lower p irt of it* had been gradually ruined Ly the action of Uie 
river at high water dcb*rov mg the mortar.** 

Obervationa on /imes, calcareous cements, — > The peculiar conditions neccBsaty to 
insure a good and nscful mortar for bnildiog purposes, snd the peculiarities of the 
hydraulic mortars or cements arc treated of under llynnAVLic (’rmkntb and 
Mortab. 

LIMESTONE. ( Cakairc, Fr ; Kalhstein, Germ.) A ipreat variety of rocks contain 
a sufficient quantity of lime in combination to be called limestones. 

Chalk is an earthy massive opaque variety, usually soft and without lustre, and may 
be regarded as a tolerably pure earlionate of lime. Carbonate of lime dissolves in lOOU 
pans of water charged with carbonic acid. (Bisrko/.) Fresenius states that it dissolves 
in 8834 parts of boiling water and in 10,601 parts of water at ordinary temperaturea. 

Carbonate of lime is found in nature more or less pure, both cryitulised perfic^ 
as in calcspar and aragonite imperfectly ; as iu granular limestone ; and in compact 
masses, as in common limestone^ chalk, ke. 

Stahetitie carbonate o/hmct frequently c^led concretionary Hmestoae, is formed by 
the infiltration of water through rocks containing lime, wbieh is dissolved oat, and as 
it slowly percolates the rocks Into cavenMms openings, the water parts with its earbo* 
iiate of lime, whieh is deposited in aonet more or less nodulated, wbieh have a fibrous 
structure from the erystalline character of the concretionary lime. The long fibrons 
pieces called stalaetitee show those fibres very beantifttlly. The stratifimn maasea 
called italagmitee exhiMt a similar stmetnre, varied only by the ooudhions nndw 
which they are formed. A very remarkable italagmttie limestone fimnd in Sgypt is 
known as oriental alabaster. 

True iUsAismr is a sulphate of Ume (aeo ALABaantE), but the atalagmltie carbonate 
is not unf^uently called by thie name. 

Incrustmycanenikmirylmealoiiud^^ little ftom thenbovo. They are fiepoaita 
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Irom calcareous apringa which are common in some parts of Derbyshire, Yorkshire, 
niul other places. It is a common practice to place Tcgetuble substances in those 
springs ; they then become incrusted with carbonate of lime, and are sold as pi ti ifac- 
tions, which they arc not In Tolcanie districts many very remarkable spi ings of 
this character exist One of the most remarkable is at the baths of San Filippo 
in Tuscany, where the water flows in almost a boiling state; carbonate of lime here 
appeals to lie held in solution by sulphuretted h>drogen, which Ails off when the 
muter issues to day. Dr. Vegn} has taken advantage of this property of the sjinng 
to obtain basso relievo figures of gnat whiteness and solidity by occasioning tlie lime 
to deposit in sulphur moulds 

Aqarw mineral^ Spongy /imes/one, llnck mtlk^ is found at the bottom of and about 
liikib whose waterb are iinpiegnated with lime I'he calcareous tuja of Derb^bhirc 
18 of this character; it may be studied lo every stage of formation. 

Travcriiiut, which served to coniitruct most of the monuments in ancient Romo, ap- 
pears to have been formed the de}Kibits of the Amo and the Solfutara of Tivoli 
Theteinplts of Pmstum, a Inch are of extreme antiquity, have been built with a travir- 
tino, formed by the aaters which still flow in this territory. 

Com/Hiri Imestom hu^ a compact texture, usually an evtn surface of flracture, and 
dull shades of colour. 

Granular limestone includes common statuary and architectural marble, and has a 
texture something like loaf sugar (Sec Mahdm ) Under those two heads nie 
giouped a gieat iiiimbcr of varieties 

Ouliti or toe Sione consists of split neal grains of various sizes, from a millet seed 
to a pea nr tsen an egg 

CiHti St qratned hmt stone Coarse lias has been leferrcd to this head 

Marly limestone l^ake and ft esh- water limestone formation, texture fine grained, 
moie or less dense , apt to ciumblc down iti the air; colour white or pale yellow , 
finctiin lough giaintd, somewhat conchoidal ; somewhat tenacious Textuie occii- 
Kioiuill} caiernoiis, with cylindrical winding cavities This true limestone inubt not 
be confounded with lime mail, which is composed of calcareoub matter and clay. 

Siliceous limestone. A combination of silica and carbonate of lime, vaiying \ery much 
in the proportions and sometimes passing from chertg ImestoM into chert It scratches 
steel, and lo ives a siliceous residuum after the action of muriatic acid 

StinUtoiie 01 SwmesUme, A carbonate of lime oombined with sulphur and organic 
matter It emits the smell of sulphured hydrogen by a blow or by fiiction. It 
occurs at Assynt, m Sutherlandshire, in Derbyshire, and some parts of Ireland. 

Jhtnminous hmestone. Limestone containing various hydrocarbon compounds, dif- 
fusing by the action of fire a bituminous odour, and bicoming white when buint 

Limestones of whatsoever kind may lie referred to deposition effected by chemical 
c liange. The immense lapse of time required to form the great limestone ranges of 
this country can scarcely be estimated. Professor Phillips has the following remarks 
on this 1 — 

** It IS certain that while the sandstones, shales, coals, and thin oolitic limestone! of 
the Noith lork moors were deposited upon the lias, a deposit almost wholly calcare- 
ous was occasioned near Bath. The whole time consonitd was the same in each 
locality. We may, therefore, perhaps infer the comparative rate of deposition of the 
oolite and the sandstones. The total thickness of the mass in Yorkshire. is about 
7.'>U feet, of which about 20 may be called limestone; of that near Bath 480, of 
w Inch nea Alialf is sand and clay w ith calcareous matter interspersed. Hence we 
have the pr^^rtion of three feet of sandstone deposited in the same time as one of 
limestone. Another instance is afforded by comparing the sections of the lower 
carboniferous limestone in Derbyshire and in Tyncdale. In the former trac( we may 
take 790 feet as the thickness of limestone, wiA no admixture of sands or clays ; in 
the latter ; the contemporaneous strata arc at least 1,750 feet thick, and contain 867 feet 
of limestone, and 1,280 feet of sands and clays, &c. ; consequently, 883 of limestone 
corie<q)ond in time to 1,283 of sand, clays, and coal, or 1 to 8 8." 

The formation of limestone under different circumstances is an interesting 
Some of our great limestone formations indicate a marine, while others very clearly 
show a fresh water origin. Mr. Jukes, in his Students Manual CWggy* ■yf* 

The marine depositions cf carbonate of lime now taking place are best 
coial reels. In almon all tropical seas iocrusting patehea or mall banks of iwpff 
coral are to be found along the shores, wherever they consist of hard wd 
water is quite clear. In the Indian and Pacific Oceans, however, fiir away iwWn W 
land, huge masses of coral rock rise up from vast and unknown depths, jnst to tM 
level of low water. These roasses are often unbroken Ihr many mifet in 
breadth ; and groups of such masses, septratod by tmall huervali* occur 
aonietinies 400 or 500 miles long by 60 or 88 in width. The barrier fotimog tM 
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cooft of Auvtmlia if coin(K)to<l of « chma of mob iniiisoi, and if more than 
looo miles long, Arom 10 to SM) milch iii width, and riafea at iis seaward edge from 
depths which in some places certainly exceed IHOU fcoi I'lieM* rerf matses consist 
of living coiuls only at thiT upper and oiitci suri^ee, all the iiilerior la composed of 
dead corals and bh«.l!s, either whole or in fragment, and Che calcaretmi portions of 
other marine nnimolii. The interstices of the mass are up tmd (impacted toge- 
ther hy calcareous sand and mini, derived drom the wasto aod dihris, the wear and 
ti< ir of the corals and shells, nnd hv coontless m\riads of minnie orji^ajalsnks, mostly 
(‘dkureous also. The surfiice oi a n^f when eapoM^d at iow wali r is composed of 
solid looking stone, which is oIli.ii eapalm of being 4p u up and lifted m labs, l>eBnDg 
no small reseitihlance to gome of oui oldast timi»stoiiiS , . (iuided by these 

filets and obtn rvations we may for^n t<diirably ai curate notions of the mode nl origin 
of all our iiiaiim liine&tonos, and attrihutc to thuii an organic-chemical origin, 
tiilviiig luio account, at the same tune, how easily ino) may iiip e b«‘cti siibscqiiciitl) 
ili».red ii » xture by the mctamorphie action eiOui -f vatcr ot heat.’* Dr. Lyon 
l*u\> fair suggests tw o u lilmonal mode h\ which a cl ciiiiCiil pret ipitation of carlionute 
of lime might in somi* places Im* fomiiH] on tht tKjitom of the m'us. He 8u}t> most nveia 
contain biiiall quantities of silicate of |mttsli , ami u hen this is carried into the sea, hoiin* 
of the carbo'iic acid oonraiiied thm'iii ma> unite with the potash, thus rendering pos- 
.^ihle a precipitation of carbonate of lime lu n solid form, and also of biliua. Muriiu 
vegetables also, like lenesiruil veg« tation, rispiire carbonic acid ana, h\ extracting 
It from sea water, nia> ndiiee the amoiint in particular localities Ik low that whieh is 
nec< ssaM to keep all iho cnibonate of lime in a fluid state, and thus riuder a solid 
pneipilatioii of that substance |>os6iblc . — Dela liechf 

** Limestones," sais Mr Jukes, *‘niay lie hard or soft, compart, concretionary, or 
crsNtalline, eonsi-tiiig of pure carbonate of lime or containing silica, alumina, non, 
&.C , either as nu c haiiieul admixtures or as eheniieal deposits along with it. Different 
viirietics of limestone occur in diifereut localities, both geographical and geological, 
peculiar forms of it Ining often confined to particular geological forniationa over wide 
areas, so that it is iiiiieh more frequently possible to bay what geological foriiiiition «) 
specimen was derived from, by the examination of its lithological characters, in tbc 
case of limestone than in thit of any “other rock. Cunipact hmeutotir is a bard smooth 
fiue-graincd rock, generally biqish-grey, but, sometimes yellow, black, red, white or 
mottled. It has either a dull eaVthy fracture or a sharp splintery and conchoidal one. 
It w ill frequently take a polish, and when the colour is a pleasing one is used as an 
ornamental marble. CryataHine limeatone may be either coarse or fine-grained, var} • 
ing from a rough granular rock of various colours to a pure white fine-grained one, 
resembling loaf-sugar in texture. This latter variety is sometimes culled sacc/iartnc, 
sometlnies atatmry tnatbie” 

Oolitic limeatone includes Bath stone, Portland stone, and Caen stonp. 

Ihaolite is a variety of oolite, in which the concretions become as large as peas. 

Nwnmulitw limeMone, C/ymmiii, Crinouial limestones are so called from the fossils 
which the rock contains 

Shell ItmcaUme or muaehelkalk has its name in the same way from its composition. 

Cwolino is a granular limestone containing mica. 

Maj^JicUf a i^ite and compact limestone. 

Sraffiia, a red limestone in the Alps. See Htokavlic Ckhxnt and Maroue. 

LIMESTONE. MAGNESIAN, sec DoLOMiTK(/>n/nmir. Pr.i Butakith, Tathapnrh, 
Germ.), is a mineral which crystallises in the rhombohedral system. Spec grav. 2 68 . 
bcratches calc-spar ; docs not fall spontaneously into powder when calcined, as com- 
mon limestone does. It consists of I prime equivalent of carbonate of lime— 50, 
associated with I of carbonate of magnesia— 42. 

Jtfcitriee magruaian limeatone^ is yellowish-brown, cream-yellow, and yellowtah-grey ( 
brittle. It dissolves slowly and with feeble effervesoeoce in dilute muriatle acid ; 
whence it is called Calcalte lent dohmk, by the French mineralogisto. Specific gravity 
2*6 to 2-7. 

Near Sunderhmd, it is found in fieiriUe abbs. The prineipal range of hilla com- 
posing this geological formation in England, extends from Snoderlaiid on the north- 
east coast to Nottingham, and its beds are described as being about 800 feet thick on 
the east of the cool field in Derbyshire, which is near iu southern extremity.-^H.W, B. 

LIME TREE ( Tilia Euhtpea ), The well-known linden tree, common toall Europe. 
The wood is veir li^t-coloured, fine and close in the graini and when property 
seasoned, not liabie to warp It is much used in the mamitaotttre of piano fortes and 
harps. It IS made into enlting boards for enrriers, shoemakerap &e., as it does not 
turn the knife in any direction of the grain, nor ip}iire the edge. 

Lime tree wood is especially useful tor carving, ftomits even Wture and ftiedoai 
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from knoti. The beautiful works of Gibbons at Hampton Couit, at Windsr r, and ut 
Chatswnrth, ari» ox<*cute(J in liiiit* iiit* wood 

The no less beautiful works of our celebrated living wood carver, Rogers, are 
executed in this wood. 

LIMOGE WARE. Sec Pottkrt. 

LIMONITE A name for si^vcral varieties of iron ore, such as the brown hipma- 
tite and bog iron ore. There is much difficulty in distinguishing the various 
kinds of iron on, they shade so gradually one into the other; hut it ihclearU a very 
iinscieiitiric mode of proceeding to group things unlike each other undei a common 
name ^ 

lilNSEYS, sometimes called linsey-woolsey , being a combination of flax and wool, 
uliicli .lie woven into coarse cloth, usually employed to clothe those who aic eutmly 
deperidint on public chanty. 

LINEN See Fi.ax. and T>xtile PADRirs. 

Lini>n dthtinqui»h(d from cofitm. Cotton may ho distinguished from linen nr flax h> 
iinnursing the iornier, well wahlinl and dried, for about a minute in strong bulpliiiric 
acid It is thin to be withdrawn and washed with water containing a little alkali 
lilt cotton will dissolve as a gummy mass, while the linen will ntain its thready 
ti xtnrc. 

'I’hc iniuiufiictnre of linens is carried on extensively in the north of Inland, and on 
the continent in Rohcniia, Moravia, Silesia, and Galicia. Of the entire production, 
ind< ]ieiidiiit ot the Irish linen, about five twelflhs aie brought into the market, and of 
this quantity the hulk must he of domestic manufacture, biiice few gicat linen ninnu- 
factories exist in Austria. Within the Austrian dominions, among the linen fahricb, 
tahl(-elo(hs and iiapkinb, veils, canihricb, diniitics, twills, and dulls are important 
aitie*k‘s III the next rank we must place the inanufiictuic of thread, especially in 
lloliomin. Moravia, and Lombardy. The tape inanufactuie is of less consequence; 
and os to the hubincbb of dyeing and printing, that has been almost entirely absorbed 
1)} the cotton manufacture, and is now in requisition for thread and handkerchiefs 
niih. 

Ab the loss result ing from the processes of weaving, bletcliing, &c. is estimated at about 

1 0 iK*r cent, the not aggrente of these manufactures of linen, thread, &e.. may be assumed 
at, say, 1,037,000 cwt ; of which quantity about 450,000 cwt. come into the maiket, the 

1 1 St bci ng absorhi d by domestic consumption. Since, upon an average of the fiv c years I rom 
184.3 to 1847, there appear to have been imported fiom abroad only 242 cwt. whereas the 
aveiagc of exports iorthe same period shows 42,609 cwt, it follows that there remained 
for home consumption about 1,000,000 owt Thus, on a population of 38,000,000 of 
jicrsons, about 2^ lbs. would fall to the share of each ; but this estimate fallsmuch below 
the truth, when wo consider that the national costume in Hungary and Galicia requires 
more than double the quantity we haTe allowed for. In fact the crop of flax is esti- 
mated to he 10 per cent higher than is given in the official reports ; but the consum])- 
tion of even 3 lbs. per head, which would thus result, is yet smaller tbim in reality it 
must he. In the iniperial army of Austria the quantity used up annually by each man 
averages more than 7 lbs. 

In the above statistics of the manafhetare of linen goods no allowance has been made 
for the extensive production of rojie work and the like. 

From the article Flax, reference has been made to tliis article for available m- 
fonnatiou in statistics of the production of the raw material and of the finished 
.irtiolo in tnRDuntry. The following ample tables will fully set fdfth the value 
of this important manufacture. 

After the information already conveyed to the reader in the article Flax, what 
has been said with regard to Cotton Manufacture, and the additional matter in the 
article Textile Fabbics, it docs not appear necessary to say anything more on the 
subject of linen manuflieture. 

The linen manufacture, which was substituted in Ireland for the woollen, after 
flourishing for many years, chiefly in Ulster, also declined ; but it has greatly revived, 
in consequence of the application of machinery to tiie spinning of ysm, snd the 
introduction of the power loom in weaving. The exports of linen yims snd linen 
manufactures from Ireland to Great Britain and foreign oonntries was, in 1868, 
0,292,0001.; in 1863, 8,084.0001. ; and in 1864, 10.827,0000 The number of apindles in 
operation in Ireland for spinning flax, in 1864, was 761,060, and 200,000 peraonaw^ 
employed in connexion with the tr^e. In the tame yaar there were 42 foetoim 
with 8,187 power looms, nearly the whole of which were employed. The estima t ed 
quantity of flax grown in Ireland in the seven yean ending 1864 was 117,867 
or on an average 80,088 tons per annum} thia wii prodooed Irom 301,693 aei6S w 
land, chiefly in Ulster. 
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Imports of riax iit IRCl and 1864. 
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LINSEED OIL. 
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— 




Russia ... 

. 

21,7-5 


45-91 

Hamburg - 

. 

• 7.980 

- 

8 466 

Holland 

. 

3 132 

. 

4 497 

Belgium • 

- 

26 08 ) 



1 raUcc 

. 

15 874 

. 

19 105 

Other parts 

- 

5 9-8 

- 

12 309 



81722 


112,948 


I INsFFl) {Granu dt /tn, Fr , lansame^ Germ ) Tht seed of the flax T mum 
Uxitaimimum which is indigenous to our islands and is cultivated extensively lu this 
and other countries for its seed, and Uvcjlax Linseed contains in its dry state, 1 1 S65 
of oil , 0 14b of wax , 2 4808 of a soft resin , 0 550 of a colouring resinous matter , 
0 526 of a yellowish substance analogous to tadnin . 6 154 of gum , 15 12 of vegetable 
mucilage ; 1 48 of staich , i 982 of gluten » 8 788 of albumine , 10 884 of saccharine 
extractive , 44 582 of envelopes, including some vegetable mucilnge It contains also 
free acetic acul , some acetate, sulphate, and muriate of potash, phosphate and sulphate 
of lime phosphate of magnesia ( and silica » 

LlNSLLl) OIL IS obtained from linseed by first bruising the seeds, giiuding them, 
and subjecting them to violent pressure, either by means of wedges, or ^ the hydraulic 
or strew press Cold drawn hnseed oil is obtained cold, and is paler coloured, less 
odorous, and has less taste than that winch is obtained when heat is ipplied 

It 18 usual to employ a steam heat of about 200° Fahr By cold expression the seeds 
yield about 20 per cent, while by the aid of heat nearly 27 per cent of oil can be 
obtained The ultimate composition of linseed oil is carbon 76 014, bjdrogen 1 1 351, 
and oxygen 12 635 , its proximate constituents being oleic and marnaric acids, and 
glycerine Linseed oil is much used as a vehicle for colours by the painter If 
liiiHcod oil 18 exposed lu a thin coat to the air it absorbs oxygen and becomes tenacious, 
and in manj respects like caoutchouc upon this property mainly depends its use in 
the arts jtp secure this more readily a drying process is adopted, whiifli most be 
desciibcd^ 

When linseed oil m carefnily agitated with acetate of lead (tnbaBic acetate of lead), 
and the mixture allowed to clear hj settling, a copious white cloudy precipitate forms 
containing oxide of lead, whilst the raw ou is converted into a drying oil of a 
straw colour, forming an excellent varnish, which, when applied in thin Idyers, driec 
pti feotly in twent;^four hours It contains from four to five per cent of oxide of 
lead in solution The followmg proportions appear to be the mof t advantageoni for 
Its preparation 

In a bottle containing 4} pints of rain water, 18 onnees ofneatnd acetate of leaa^ 
placed, and when the solution is complete, 18 ounces of litharge m a very fine powder 
are added , the whole is then allowed to stand in a moderately warm plaM, frequently 
agitating it toassiit the solution of the litharge This solution may be considersd as com- 
plete when no more small sialea are apparent The deposit of a ifoining white cokmr 
(sexbssie acetate of lead) may be aeparated by filtration This ccmvcraion g tw 
leutral acetate of lead into vinegar of lead, by means of htbarge and waler» ii cAectea 
in about a quarter of an hoar, if the mixture be heated to ebuliticm. When heat tf 
not applied, the pi ocera will usually take three or four days. The aoliition of 
lead, or tnbaeic aeetatc of lead, thus foimcd,|8infl|oicnt for the prcpaiatico of 22 
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(»f dryinf^ oil For thii purpoie, the lotutioii ti dilu^ with an oqnal ▼oluaie of ram 
wutor. mid to it is gradually add<*d, vith cooitaui ugitatim, 82 Ibd. of oil with which 
18 <iunccs of lithargo baTo prt'vjou^Iy beOn miKod. 

When the pointu of contai't between the lead Molniion and the oil hawe been fn- 
qnently renewed by agitation of ihe mixture (hFk‘c‘ or four times a day and the iit ixturc 
allowed u> lettle in a warm place, the limpid atriw*<H>lour^ oil i huh to the aurfhee, 
leaving a copious whitish deposit, 'fhe watfry solution reoikrtd dear by dltration, 
rofitninK intact all the aeetattwof h ad first employtsl md mav be used in the next 
(>p<‘rution. afttr the addition tn it tt<4 Indore of la i>u ices of litharge 
, liy liltratiofi thn igti pa|icr or cotton t|ie oil may !>< nbtamid sr. Impid as^vl(tcrf 
and by exposure to the light of ibc sun it may also Ik^- hlixo li4*d 

.Should a drvtng oil be requited uhaolately fiec from h«ail it ma^ lie obtained by 
the addition ot dduti sulphuric acid to the aboM . ahi n. on licmg jllowed to stand. 

It deposit of fiulphdte of lead will take place, and the ^ lear oil muy be ubtoini d free 
t III) all traei of lead. 

l.uisei u o 1 a IS at oni time much used in the pit parition of a liniment, which, as 
It IS one of the very hi hi possible appticatioi.M !<• . burnt surtace, cannot be too 
f^eiiernlly known. If equal parts of Imfumter owl Itnuuiotl arc agitated together, 
liny form a thick bniineiit. which may W ipplicd to the burn with a bnisli or 
leather. It relieves at once from^Miin. atil fonning ii pellicle, protects the abiaded 
parts from 1 ho air. The /oiiffieatum ^/lAnv ol the I'hannaenpoiia i« '^qiiiil parts of 
liniewatcr aud olive oil , thui is a mou elegant but a less effective preparation 
He*’ < In.. 

LlN'l\/:<; Surat IV, wiim formerly prepared by scraping up linen W the hand; the 
pi I paratiou of it, bouever, has Im‘gti made the subject of a patent by Mr. Tboinaa Ross, 
a hit h consists in the employ meiit of peculiarly cuiistrocted scrapirs for ahiading the 
siirfico of the liueu cloth, and producing a pile or nap upon it. The scruperii are 
woikcd by a rotary motion. 

Instead of rotaiy hcia^crs, a reciprocating pendulous movement is sometimes applied 
to a single scraper, ('hisel-formed blades arc claimed by the patentee as semperf for 
raising the pile, by working with the bevel edges forwards, so as to scrape and noi to 
cut the fhbrie. He has in the rotary form a l^ge dr bed concentric with the axis of 
the scraper, which he also claims; both of which seem to be serviceable. Several 
kinds of lint-making machines are now employed, but An they all partake more or leas 
the above principles they do not require desenption. 

LIQUATION (Eng. andFr.t .Safyerenp, Oerm ) is the process of sweating out, 
by a regniaUfd heat, from an alloy, a more easily fusible metal friint the interstices of a 
metal, which is more difficult of fusion. Lead and antimony are the metals roost com- 
monly sutjected to liquation: lead for the purpose of removing by its superior affinity 
the Sliver present in any complex elloy ; antimony as an easy means of separating it 
from its combinations in the ores. 

Fiqe. 1136, 1139, 114(1, represent the celebrated antimonial liquation fumaecs of 
Malbosc, in the department ot Arddcbe, in France, iwg. 1136, is aground plan 
taken at the level of the draught holes g g^fig, 1139, and of the dotted line b w ; A* 
1139, is a vertical section tifrough the dotted line a b, of /g. 113M ; andA. 1UU, )s 
a vertical section through the dotted line c D of Jig. 1 138. In* the three ngnres, the 
same letten denote like objects, a, 6, c, are three grates upon the same level above 
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the floor of the vorki, 4| feet long, by 10| inches broad , between wbidh ere two 
reetaagttlar gelleries, dt^ which peso tnnsTeriely tbnmgh the whole flirsace»ead lie 
at a level of IS Inches dbdve the ffouid. They an sepented by two walls from 
the ihne fln places The walls have three openings, /, y, A altmial^y plseed 
ibr the flames to play throngh. The ends of these m ahgt In wHh 
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iron doors i, i, rontaininf^ peep-holes In each gallcr} are tiro conical cast iron 
criuihlett A A, into vhich thi diquaiinq sulphuret of untiniuny diops Their height 
IS from 12 to 14 inches, the width of the mouth is lU inches, tiiat of the bottom 
18 C, and the thickness four-tenths of an inch. They are coated over with fire- 
clay, to preient tiie sulphinet from acting upon them , and they stand upon e'ust- 
iroii pedestals with propeting ears, to facilitate their removal from the gallery oi 
platfurm Doth of these galleries are lined with tiles of flre-eJo} //, whnh uisoscTve 
Ob stippoits to the vertical liquation tubeb »> m, made of Uie same clay Ihc tiles arc 


11.39 
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somewhat carved towards the middle, for the purpose of receiving the lower ends of 
these tubes, and hate a small hole at ft, through which the liquid sulphuret flows down 
into the crucible. 

The liquation tubes are conical, the internal diameter at top being 10 inches, at bot- 
tom 8 ; the length fully 40 inches, and the thickness six-tenths of an inch. They have 
at their lower ends notches or slits, o^Jig \ 140, fiom 3 to 5 inches long, which look out- 
wards, to make them accessible from the front and back part of the furnaces through 
small conical openings p p, iu the walls These are closed during the operation with 
clay stoppers, and are opened only when the gangue, rubbish, and cinders arc to be raked 
out The liquation tubes pass across the arch of the furnace q 9 , the space of the arch 
being wider than the tubes ; they are shut lu at top with flre-covers r r. s s, the 
middle* part of the arch, imm^iately under the middle grate, is barrel-shaped, so that 
lioth arches are abutted tojrothef. The flames, after playing round about the sides of 
the liquation tubes, pass on through three openings and flues into the chimney /, about 
13 feet high ; », being the one opening, and v, the two others, which are provided 
with register plates. In front of the furnace is a aipoke flue 10 , to carrv off the sulphu- 
reous vapmjn exhaled during the clearing ont of the rubbish and slog; another, s*, 
begins ovi^ p, at the top of the tubes ; a wall z, separates the smoke flue into 
halves, so that the workmen upon the one side may not be incommoded Inr the ftnnes 
of the other. This wall connects at the same time the ft-ont flue le with tne chimney 
/. a' a' and h* If are iron and wooden bearer beams and rods for strength^ing the 
smoke-flne. c ' d are arches upon both sides of the furnace, which become narrow^ 
from without inwards, and are closed with well fltted plates d' df. They serve m 
particular circumstances to allow the interior to be inspected, and to sea if either of 
the liquation furnaces be out of order. Each tube is charged with 600 lbs. of^ snti- 
moiiial ore, previously warmed ; in a short time the sulphuret of antimony begins to 
How off. When the liquation ceases, the cinders are raked out by the side openings, 

* and the tubes aro charged aflmh. The luted iron cmoibles are allowed to become 
three-fourths full, are then tewn out ftom the galleries, left to cool and emptim. 
The ingot weighs about 85 pounds. The average duration of the tubes is 8 weeaSi 
Tnis plu is proved to he an exceedingly economical one. 4 _ 

LIQUEURS, L1QUORISTE. Names given by the French, and adopted into onr 
language, to certain aromatic alcoholic cordials, and to the manufteturer of^em* 

Some hqueursare prepared by infusing the woods, ftuits, Or flowers, to 
or alcohol, and adding thereto sugar and oolonriog matter. Othsirs asn distilWI wW 
the flavouring agents. 
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Mttn y of the Jiqueare are of very compound chararCar, aa the lollowing recipes will 
shorn . ^ 

AfaritMtque Ntijfeau Put into a stone jar. 

Preserved guavaii and their syrup* or the jell} of that fruit } lb. 

Oil of sweet nliuftnds .... 

Nweet almonds, beaten fine • - • 

Bitter ,* „ ... 

Preserved ginger and its syrup 
Cinnamon and *. loves (bruifed) of esih - 

Nutineg and Pimento „ - 

Jamaica ginger ** - 

Candied lemon and citron* of each - 

White sugar candy (powdered) - - . . 14 

Proof (• pint of a lilt - • . . . 5 t|uarU. 



Heat the oil with a little brandy* and mix it 't ith Ihe almonds, when beaten to a 
paste with orange flower water. Stop up the jar seinrely, and let it remain in a warm 
i<»om* or in the sun, shaking it oflen, for a lortnight Keep it in the jar for twelve or 
fl^teeii months , then strain it, and filter rtpeutedly until it is as clear as spring nater 
Uiuse phials or half pint hoiths, with ari\ wbiU nint, drain (hem and flit C'ork 
ant] seal In six months it will be fit t<»r use* il required* but \»ill improve 

greatly by age, — KnfHmton 

Tears of the 11 ufott < f' Malabar^-^To ti*n pounds of spirit (pale brand> )* add 4 
pounds of nhiie sugar and 4 pints of water, adding 4 drachms of powdered oumamont 
48 grams of cloves* and the same quantity of mace ; colour with carameL 

The Stgkt qf ZoM.— Spirit* water* and sugar as above. Perfums with otto of ross% 
and slightly o^ur with eoehiaeaL 

jlisimthe. — Take of the tops of wormwood* 4 pounds* root of sngfliea* calamus 
aremattcos, aniseed* leaves of dittany, of each, 1 os. t alcohol, four gallons. 

Ifsaerate these substances during eight days, add a little water, and distill by a 
gentle fire untU two ^lons are obtained. This is reduced to a proof spirit, and a 
few drops of the oil of aniseed added. 

These fonoas exemplify the character of all kinds of liqueurs. They are coloured 
jrsSpw by the colouring mutter of eurfAamus. Fawn is produced by caramel i rw/, by 
coehiueal ; i»o4w. by litmus* or archil i blue by the sulphate of iadigo; green, to mix- 
ing the blue and the yellow together. 

ihrfq^ is the ^neno name, in France, of liqttturt compounded with alcohol, 
sugar, and the odoriferous or flavouring principles of vegetaUea. Bruised cherries 
with their ateoes are Infused lo spirit ta wine lo make the ratafla of GiunoUe d§ 
Ttf/aairtn The liquor being boiled and flltered, is flavoured, when cold, with spirit 
of fupeoii, made by distilling water off the bruised bitter kernels of spnoom, and 
mixing it with alcraol. Syrup of bay laurel and galango are tlso added* 

LIQITID AMBZR. See AmiAa, Ijiauio. 

LIQUOBICE (GtwgrrAisa QfficeaaUM\ fnm g^giys, sweet* end rAuo, aroot). The 
root only is em|doyed { these roote are tbidi, long, and muaiog deep in die ground. 

Becidie tha use of liquono room in medicine, they are also employed in brewinm 
and are predg extensively grown for these ^rposes b some peits ef Bo gt—^ 
Liauoriee reqaives a rich deep dry sendy soil, irhioh* pvevbus tofbrmbfanew plfn* 
tation, ahould be trsnebed to the depth it about three ibet, and a liberal aUowaace of 
manure ngnlaily mixed with the earth b trenching. The plants which are proeorsd 
by slipping them firom those in old piantations are, either b Fobmery or March, 
dibbM b ffowa three fret apert, and from eighteen inohes to two (bet In tbo row. 
They ceouire (hiwe sammeti^ growth before being flt fbr n«^ when the veoti are 
obcaiaedhyrslnMmhbg the whole, end they are then stored b sand for their preesr 
vatioa natu iminired* AtwXairaoa* 

LITHABOB (Eq(. tui Fr.i OUHi, Otrm.) !§ Um lliMd 7 <neir ,i«lo«U« ^e kH, 
vliieBM«*olfaig,MM«iBto»BiMi«iiMUti*K«r Mall iiMUci |M*M,ar«M|dkk 
7*Uo« .alMT Md *earttTMa«yywt. It gMWMlIjr cmiidM aacn «r Iw nd 
wh«iieetlM TCtMoMafttaaaloar, Md omM, add, «MMUIy vim It hw 1 mm 
•BMM d tote air far MiMtiaM BMLwutaodSit.'nni.MNriUModaorinMfatiaa. 

UTHIA to a (faaiito oaithy ar alkiliBO mbataaoa. dtooovtMd fai te aitento 
««ncd iwMita aad trfariiM It to vUto, toty eaa rt e, nd^aat lilmw aad t«d 
adtenaadMiatalM adds witk great toailitjr. Wkea oapoeed to te air to attraota 
bonbBtjr aad oateato add. It to aiora edaUa ka vator tea baqrta i and had iddi 
a atnog atei^tebaa to ba aUdaadealrla te Mato of a Iqrd^ Hfm, 

Voa.ll. tL 
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neutral Mits with all the acids. It is most remarkable for its power of acting upon 
or corroding platinum. This earth is now used medicinally. 

The following interesting account of a new source of lithium is from the address of 
Sir Charles Lyell at the Bath meeting of the British Association. After stating that 
Professor Roscoe of Manchester had detected the clilorido of lithium in the Bath 
waters, Sir C. Lyell proceeds : — 

** While 1 was pursuing my inquiries respecting the Bath waters, I learned casually 
that a hut spring had been discovered ut a great depth in a copper mine, near Redruth 
in Cornwall, having about as high a temperature as that of the Bath waters, and of 
which, strange to say, no account has yf^ been published. It seems that, in the year 
IH.S!), a level was driven fiom an old shaft, so as to intersect a rich copper lode at a 
depth of 13r)0 feet from the surface. This lode or metalliferous fissure occurred in 
what were lormerly called the United mines, and which have since been named the 
Clifford Amalgainutcd mines. 'J'hrough tlie contents of the lode, a powerful spring 
of hot water was observed to rise, which has continued to fiow with undiminisbed 
strength ever since. At my request, Mr. Morton Davey, of Redruth, had the kind* 
ness to send up to liondon many gallons of this water, which have been analysed by 
l^rofeshor William Allen Miller, F.R.S , who finds that the quantiW of solid matter 
is so great, as to exceed by more than four times the proportion of that yielded by 
the Bath waters. Its composition is also in Inany respects veiy different ; for it 
contains but little sulphate of lime, and is almost ftee from the smts of magnesiam. 
It is rich in the chloridt s of calcium and sodium, and it contains one of the new metals, 
CasittiN, never before detected in any mineral spring in England ; but its peculiar 
characteristic is the extraordinary abundance of lithium, of which a mere trace had 
been found by Professor Roscoe in the Bath waters $ whereas, in this Cornish hot 
spring, this metal constitutes no less than a twenty-sixth part of the whole of the 
solid contents, which, as before stated, are so voluminous. When Professor Miller 
exposed some of these contents to the test of spectrum analysis, ho gave me an 
oppotiiuiity of seeing the beautiful bright crimson line which the lithium produces 
in the sps^trutn. 

'MJtbium was first made known in 1817 by Arfvcdsen, who extracted it firom 
petalite, and it was believed to be extremely hire, until Bunsen and Kirohhoff m 
1860, by means of the spectrum analysis, showed that it was a most widely diffused 
substance, existing in minute quantities in almost all mineral waters and in the see, 
as well OB in milk, human blood, and the ashes of some plants. It has already been 
used in medicine, and we may therefore hope that, now that it is obtainable in large 
quantities, and at a much cheaper rate than belbee the Huel Clifford hot spring was 
analysed, it may become of high value. According to a rough estimate which has 
been sent to me by Mr. Davey, the Huel Clifford spring } ields no less than >50 
gallons per minute, which is almost equal to the discharge of the King's Bath, or 
chief spring of this city. As to the gases emitted, they are the same as those of the 
Bath water, namely, carbonic toUi, oxygen, and nitrogen. 

** Mr. Wurington Smyth, already visited the Huel Clifford lode in 1855, re- 

examined it in July last, cUe^ with the view of replying to several queries which I 
had put to him ; and in spite of the stifling heat, ascertained the geological itructore 
of the lode and the exact temperature of the water. This last he found to be 1»® 
Fahr. at the depth of 1850 feet, but he scarcely doubts that the thennemeter would 
stand two or three degrees higher at a distance of 200 feet to the eastward, where the 
water isUjjjrn to gush up more ft'eely. The Huel Clifford lode is a fissure varying in 
width fwlniix to twelve feet, one wall consisting of elvan or porphytitic granite, 
and the other of killas or clay slate. Along the line of the rent which runs east m 
west, there has been a slight throw or shift of the rocks. The vein-ttu^ is chiefly 
formed of cellular pyrites of copper and iron, the porous nature of wbioh allows the 
hot water to percolate freely through it. It seems, however, that in the oontinunttou 
upwards of the same fissure, little or no metalliferous ore was deposited, but in jte 
place, quarts and other impermeable eubetances, which obstructed the oomee o f 
hot spring so as to prevent its flowing out on the tnrfhoe of theoouatiy. It has 
always a fiavourite theory of the miners, that the high tempciature ^ Ihia Ctejwjw 
spring is due to the oxidation of the sulphurets of copper and irop, whieh MW 
posed when air is admitted. That such oxidation most hawa sow slight " 
undeniable | but that it materially influences the temperature of so laigo w hopy ” 
water is ont of the question. Its effect must be almost insensible, for 
Miller has tcareely been able to detect any fulphorie aeid in the watir, find * nttno* 
trace only of iron and copper in solution. , * 

** When we compare the temperature of the RaA Sftrlngi^ whi^ ffisno ^ 
less than 100 feet above the sea, erith tha Huel Cliifiifd opting feond » a ditf” ^ 
1850 feet ih>m the surface, we must, of course^ make aDawanoe Ibr thfi * 
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heat alwavfi experienced ^hen we deneend into the mterlor of ti»** earth The dif- 
lerenee would amount to alumt Fahr.. if we adopt the eaiin>fUe tlmiiioed by Mr. 
lIopkiiiM, fhAu an ^urate wiea of ohaervatiuna ntade in the Monkwi^rmoutb abaft 
near Durham, and in the Dunkinfteld abaft near Maneheater, ea<'h of them fin^t 
ill depth, fn theae shafts, the touipcrature was found to r»%« at the raie of only 1® 
I'tthr for every increase of depth of ftom atxty*five to seventy Krt P.ot if the Duel 
riifTord sfiring, instead of being arrested in its upward eoiirMi, h^sd eMiitiuntid to rise 
Ireeii through ixirous and looee uiaterisls, so as to t^'ach the mrfscf, ii would pn*- 
ImMy not 1ia\c lost anything approaching to VO Fntir, *ii<e ti reueweii heat 
fiorived from Iwlow would have* w iruied tht^alis and c i»ntt nm < • the lode, so as to 
rusi* their temperature above that which would liaturvlly hi «'ej to Uio rocks at 
eoi responding levels on eaoh side of the lod^\ The ulrai nt entire iImm nee of niague- 
Kiuni raises au ohs lous objection to Uie hypothesis of ir sjiring <hriviiig its watere 
iiom the sea , or if such a souree be suggested fbr the salt and otlnr marine produelt, 
wp shiHild be under the necessity of supposing the magnesium to be left behind, in 
combination with some of the elements of the deooinposed and altvied rooks, through 
which the Ihrn&at watem umy have passed.** 

UTIIHIM is the metallic basis of litbla ; the latter substance consisti of 100 of 
metal, and 12) of oxygen. Neither litbimn nor its oxide arc of any use in the arts. 

MTIIOORA PflfC PRESS. The lithographic press in common use has long bom 
regarded as a very inadc»)uar<« machine. The amount of manual power required to work 
it, aud the slow speed at which, under the most favourable eircuinstances, copies cun 
be prviduced, disables lithograplw in its competition with letter-press. A career of bril- 
liant success has attended the etrorte of scientific men towards speed and perfection in 
this latter branch of the art ; and the present printing machines sarpasa the hand-press 
somewhat in the same ratio as does our express ap^ the jog-trot of our forefatheni. 
llie engravings annexed, 1141, 1142, wiU serve to illustrate MeMrs. Napier & 
Sons' improvenieuis upon the li- • . ^ • 

thographic press. The machine 
is arranged to be driven by steam 
power; has belts, **cros^(^'* and 
**open,** supposed to be in con- 
nection with the engine, and to 
run upon the pulleys a, n, c. Tlic 
crank pullev, B, is fixed on the 
screw -spindle D, and the other 
two work loose, or **dead,** on 
the same apindle; these bands 
with their striking forks, a, are 
arranged so as to be brought sl- 
temately upon the fixed pulley b, 
and thoi a reversiug motion is 
given to the screw. Tbi nut in 
which the screw works is fixed 
to a eroaspiece b, which braces the side ftmmes r r, together at bottom, white 
the bar o, performs the same office at top; the scraper-box, n, Is suatained botwaiN 
these frames at hearings i, and is so fitted as to work freelpr. To support 
the framea and aoraper-box independeot of the screw and maintain them ie 




positloQ, allowing frsedom of laiian, the rollm a, i, are pfovidad, whlgh nm k llio 
planed rsoeaasa, K, along the lao of the main amadarda L. 

The mnehUia ia riiown with m 4am% ready for atarllng: thia ia effected hr 


^pnn dowB, rmdy for akwling; thia la effected by 
a L t 
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pristiing lightly upon the lever, A, which raiseB a catch, and allows the weight M, to 
descend in the direction of ite prceent inclination, and act upon the connections with 
the striking forks, so as to bring one of the bands upon the fhst pulley, b, and make 
the scrapei aAi its frames move forward The return is caused by the fVame, f, com- 
ing m contact with a stop c, which, yielding, acts upon the striking forks by its bar 
(/, upon which it may be aii()usted to give the travel required On the return being 
accomplished, the machine stops itself by a striking action against stop e, the catch b 
falling in to prevent the weight dt scending to its nill throw, and thus retaining the 
two bands upon the two dead pulleys, A and c, while the machine is prepared for 
another impression 

The action of the scraper is peculiar and novel , it is balanced, so that its tendency 
is to remain slightly rais^, but in its forward movement, and at the point desired, it 
18 made to dtsoend by a stop fixed upon the top of the main standard, l, into a position 
vertical, or nearly so, in which position it is retained by its own onward progress 
against strong abutments projecting from the frames, f, on the return it resumes jts 
luiscd position and passes back without impediment The scraper may be adjusted to 
give the pressure desired, oi the table on which the stone is placed regulated by screws 

The advantages embodied iii this machine will be at once recognised by those in- 
terested The pulling down of the scraper, and the labour and inconvenience atten- 
dant upon that operation, are entirely superseded by the simple and effectual valve like 
movemont just explained, which foims the ground work of thin combination, although 
It will alike apply to the piess work by hand, and is the most striking novelty in the 
ma( hine 

LI I IIOGRAPIIY Though this subjeet belongs rather to the arts of taste and 
design than to produetive manufactures, its chemiCiil piinoiples fall within the pro- 
vince ot tins Dictionary 

Ihe teim iithtjgraphy \b derived fioin Aifos, a stone, and ypeupri lori/mp, and desig- 
nates the art of throwing off impressions upon paper of figures and writing previously 
tiaced upon stone The processes of this art are founded — 

1 Upon the adhesion to a grained or smoothly-polished limestone, of an encaustic 
fat which forms the lines or traces 

2 Upon the power acquired by the parts penetrated by this encaustic, of attracting 
to themselves, and becoming covered with, a printers ink, having linseed oil for its 
bisis 

) Upon the interposition of a film of water, which prevents the adhesion of the ink 
in all the parts of the surface of the stone not impregnated with the encaustic 

4 Lastly, upon a pressure applied to the stone, such as to transfer to paper the 
greater part of the ink which coders the greasy tracings or drawmn of the encaustic 

The luhographto stones of the best quality are still procured from the qoarry of 
Solenhofen, a village at no great distance from Mnniob, where this mode of printing 
had Its birth They resemble in their aspect the > ellowiih-white liaa of Bath, hot their t 
geological place is much higher that the lias. Abundant quarries of these fine-grtmed 
limestones occur in the county of Pappenhcim, along the banks of the Danube, prs* 
sonting slabs of every required degree of thickness, parted by regular seams, and ready 
for removal with very little violence The good quality of a lithogra^ic stone is ge- 
nerstly denoted by the followmg characters , its hue is of a yellowish gre>, and nmfonn 
throughout , it is free from veins, fibres, and spots , a ateel point maxes an imprestioo 
on It wt^yjifBcoUy { and the splinters broken off from it by the hammer displsy s 
conobollWacture. 

The Munich stones are retailed on the epot in slabs or layers of equal thick^ t 
they are quarried with the aid of a saw, so as to saonflee as little as possible of the n- 
regttlar edges of the rectangular tables or places One of the broad ftfeces Is then 
dressed, and coarsely smoothed. Ttic thidtness of these stones is nearly propcrtionsi 
to their other dimensions , and varies from If inches to B inches. . 

In each lithemphic eatabbshment, the stones receive their finiahlngi dressiii|A 
polishing, which are performed like the grinding and pdisbing of mirror platCi The 
work le done by hand, by robbing circularly a movable aliib over another • 
horisontal poeltion, with fine eifted sand and water Interpoeed betwceii the Cm ^ " 
style of work that the stone is intended to produce determines the hind ef peUih ^ 
It should get For crayon drawiim the stone sheuld be merelp gmhied mere erj^ 
Jaw according to the frincy of the draughtsman. The higher the Muk of the sui^ 
the softer are the drawings ; bnt the printing process beoomhi eeener 
smaller number of impressions can be tshen. VTarfit ta tad reqnird the JtoM 
more softened down, and finally policed With pnmiee and • little wmer. Tm swhw 
thus prepared are packed for use with white paptc Intcirpoilfi between th dir ^ 
Zinc plates are sometime! used in lieu of stones ; ^ey are prmMd 
surface with fine sand, rubbed over by means of n email sfcoe of Ae Wp* 
takes a finei aurfime than stonc^ and y(m mere delhmlh Imsj^realleni) tNMjlPP ^ 
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iR necetur^r m keeping it dry, so tbet it doen not corrode t thiA n1ino»t the only 
objection to ite more general use, for if it far more coneeniont u Imiidle nod more 
about than beoTy etonee. 

Ltihttgraphw rniyoae. — Fine Utbognphie prints CilUMyt be obtained unless the 
crayons possess every raquisite quality. The ipgr«dM»nts eomposing them ou^f fo 
be of such a nature as to adhere stroagly lo the itone, both after the drawing his 




hard enough to admit of a fine point, and trace ddieate Jmi w witlumt nsl ot breaking. 
I'he following composition has been suoccasfhtly employ* I foi < i noi by MM. Btr- 
iiard and Delarue. at Paris : ^ 


Puie wax (first qualit)^ - - - 1 parin 

Dry while tallow soap - * - , 

White tallow - . - 


Gum lac - a „ 

L..tiip blark, toough to p\e a dark ti it .1 

Occasionally copnl varnish - > - 1 „ 


rUe wax should be melted over a gentle fiu. rmd the isc, broken to bits, in then 
added hi degrees, stirring all the a hib* attb a e}Mtuia , the soap u next introduced in 
fine shavings} and uheii the niixtun of thiM* hubhUtuis u \ery intiiiiately af^com- 
plinbed, the copal vanii.h iniorpomted with the lump black, in pound in. The heat 
and agttatiou aie continind fill the paste has aKpiind a suitable consistence, uhich 
may be recognised by takings out a little of it, letting it cool on a plate, and trying its 
uiiality with a penknife 1 bis coni|K>8ition. on being cut, should afiord brittle slices 
The boiling may be quickened by setting the riaing vapours on fire, which increases 
the temperatnre, and renders the exhalations less offensive. When ready, it ii to In* 
poured into a brass mould, made of two scini-cylindeis joined t^etber by clasps or 
nogs, forming beta eeu them a cy liodric tube of the crayon sise. The mould should be 
previously rubbed with a greasy cloth 

The soap and tallow are to W put into a small goblet and covered up. When the 
whole IS thoroughly fused by heat, and no clots remain, the black is gradually sprinkled 
in with careful stin ing 

Lithograpic ink is prepared nearly on the same pnnciplc — 


Wax - • . - - . . Ifipatts 

Tallow r»„ 

Hard tallow soap G „ 

ShelMac 12 „ 


Mastic in tears 


H « 


Venice turpentine 

Lamp black ....... 4 ^ 

Tbe mastie and Inc, previously ground together, are to be rareftilly heated in the 
turpentine t the wax end tuUow must be added after they arc taken off tbe lire and 
when their sdotion is effected, th*' soap shavings are to be thrown in. Lastly, tba lamp 
black is to be well intermixed. Whenever the union is accomplished by beat, tha 
operation is finished ; the liquor is left to cool a little, then poured out on tables, and, 
when eold, eat into square rods. 

Lithographic ink of good quality ought to be suseeptible of forming an emuliiou so 
attenuated, that it may appear to be dissolved when nibbed upon a bard body in dis- 
tilled or river water. It shonld flow in the pen, bnt not spread on the stone ; capa- 
ble of forming delicate tracec, and very black, to show its deboeations. Tbe most 
essential qnaiity of the ink is to sink well into the stone, so as to raprodnee tha moat 
delicate onUtnes of the drawings end to aflbrd nnmeroas impreasions. It most 
therefore be able Co reaist the eeid with which tbe stooe is moistened in the prepm* 
tion, wiUioot letting any of its gnnsy matter escape. 

M. de Lastcyrie states that after havbig tried a great many eombiiiatioos, he givee 
the preforence Co the following: — 


Tallow soap dried 


.10 parts. 


White soda of commerce - - 30 „ 

SheU-lae 130 „ 

Lenp-black - • • • 12 ,, 

The mp is fint pot into tbe goblet snd melted over tbe fire, (he lac being added 
it Ames immediately } the sods is then intredneed, and next the mastic, stirring ad 
the while with n epetnln. A bciik ftra is applied till all lhaaa matanals an melted 
oompleialy; when the whole la pomod oot Into the aMold. 

TlmmiMnrpieseilbedmny he empioyedeither with the pen and WohdrpenmL 
forwritfngi^ M a tf h 4 ena dnswiiup, ogiHi hale, mined drawings, those whish noraaent 
ttHpoTtogdonwoodCwoodon^fto. When the ink is to h io wWraM 
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down with water* in the minner of China ink* till the shade be of the requisite depth 
'J h( teinperiiture of the place ought to be, from 84 ° te> 90 ° lahr , or the saucer in 
which the ink sttek is nibbcel should be att in a heated plate No niori ink should 
lie dissolved than is to be. used at the time* for it rarely keeps in the liquid state for 
24 hours * and it should be covend or corked up 
Autographic paper — Autography, or the operation by which a writing or a drawing 
IS transferred from paper to stone, presento not merely a means ot abi idgmg laboui , 
but also that of rt veiling thf writings or drawings into the direction in which thty 
were traced* whilst* if executed diiectly upou the stone the impression given by it is 
M verted Hence a writing upon stone ^iist be invtrtid from right to left to obtain 

direct iniprissious But the ar of writing thus is tedious and difiicult to acquire* 
while by means of the autogriphie paper and the transfti* proofs are obtained in the 
aamo direction w ith the writing and drawing 

Autograpfin ink — It must bi latter iiid softer than that applied directly to the 
atone so that though dr} upon the paper, it may still preserve suflicient viscidity to 
adhere to the stone b\ mere pnssiiic 
To compose this ink* wc take — 

White s lap • - 100 parts 

White wax of the best quality - 100 ** 

Mutton suet > - dO „ 

Shell lac - - - - SO ,* 

Mastic - - - - *>0 ,* 

Lamp blaek - > 3 ) or 35 ' ** 

1 hese materials arc to be milted is above described for the lithographic ink 
Lithographic ink and paper — Ihe following leciies Lave been mueli com 
mended — 

Virgin or white wax - - « parts 

Wliite soap - - - - 2 „ 

Shell-lac • - - 2 „ 

Lamp black .... 3 table-spoonfuls. 


Preparation — The wax and soap are to be melted together, and before they be 
come so hot as to take fire* the lamp blaek is to be well stirred m with a spatula, and 
thin the mixture should be allowed to burn for 30 seconds* the flame biing ex 
tinguished* the lac is added by degrees* carefully stirring all the time, the vessel 
IS to be put U}Km the fire once more in order to complete the combination* and 
till the materials are either kindled or nearly so After the flame is extinguished, the 
ink must be bufifered to cool a little* and then put into the moulds 

With the ink crayons thus made, lines may be drawn as fine as with the point of 
the graver* and as full as can be desired* without risk of its spreading in the carriage 
Its traces will remain unehanged on paper for yean before being transferred 
Some m ly think it strange that there is no suet lo the above composition, but it has 
been fbund that ink containing it is only good when used soon after it is made, and 
when immediately tiansferred to the stone, while tiaces drawn on paper with the suet 
ink become defective after 4 or 5 days 

Ltikographic paper — Lay on the paper 3 suceessive eoats of sheep-foot jelly, 
1 l^er of white starch, 1 layer of gim^ge 
The fi|||t layer is applied with a sponge dipped mthe solution of the hot jelly, very 
equallj|lm the whole surface, but thin , and if the leaf be stretched upon a cord, the 
gelatine will be more uniform. The next tw o coats are to be laid on, until each is dry 
The layer of starch is then to be applied with a sponge, and it will klso be rery thin 
and equal The coat of gamboge is lastly to be apphed in the same way* When the 
paper is dry, it must be smoothed by passing it through the lithographic press } end 
the more polished it is, the better does it take on the ink in fine lines, 

Trawfer — When the paper la moistened, the transfer of the mk fWim the gan^ 
14 perfect and infallible The starch separates from the gelatine, and if, after taking 
the paper off the stone, we place it on a white slab of stone, and pour h^ water crer 
It, It will resume its pninitive state. . 

The coat of gamboge ought to be laid on the same day it is diiiolTed, ae ly 
it becomes of an oily nature , in this state it does not obstruct the transfer, bat 
gives a gloss to the paper which renders the drawing or tnieiog mone difileoltr 
ciallv to persons little, accustomed to lithography. ^ 

The starch paste can he employed only when e<fid, the day It it made^ tta 
after having the skin removed from ite eurasoe, 

A loaf of such Iithographio paper may be meie in two adnotee. . 

In transferring a wnung, an mk drawmg, or a lithograiAio eimfOB. free tW 
preMion of a copper-plate, to the ttone, it is neoeisaiy, 1, that die . 

made upon a tbm and slender body like common figper | fi, ffiat limy JH(S 
tached and fixed totally on the stone by means of pfessnre , but ii Ihe WSle t dl* 
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iiigfiiiiks to a certain depth in paper, and ndhei(*8 rather it would be 

diflitult to detach all iti partb, wert there i.ut pt^ viimily put b the pat*er and 

the traces a body ca^mblc ul being separated iioni the (uipi t, .ind of losing its ad- 
lieMOij to ir hy iiieiiiis of tin wattr vith tiliieh n v luiuipcd In u«*dei to piuduce this 
(fftiit. the pai>er gets a cirtaui pn pant ion, \khich .teisMv oi >1 over a 1th a 

kiiiiiof pasU read\ to rerene e\ir^l delineation witb(«it su I ing i to penetrate into 
ilu papier. There are diflereiit niqflit of coiiimunua^M g tii s pttON r » to |iaper. 

IbsuUa the abovi, the folloning may tie tried. Lakt an uiiti^^l pn|H!*r, rather 
^ t kiig, and cover ii aith a \amiali composed ot 4ili *2* \ 'i , guiu arable, 

40 parts, alum, partn g 

A past! ol modi rail consisten mns* h luadi ui*i rh s < > and snnn aoter, 
th the :ud iiflicat, into 'uhn li thegiitn a m antm an* tt I 'tiiiOAii fisch pri\iaiwly 
ilissolvid m w pirati wkIs When the vt hob !•> m mxul kIi tn* applied, still 

hot, on th I leans of { apir, uith a tint sim th hnisl ^ t ui < \«no« colour uib> 

' i\«n ^ 1 . \aii ish with a rh( Ol non ot tin tun ^ ' kxiguMi, coiiuiionl) called 

I I M li biiMoilii OII 1 dsirs 'I he pap< r IS n t> x* i and snuioihed b} |iasbiag 
i ndei till etrajKi oi th nihof^inf Uic pii ss 

M ei pens an (in)iln\id ioi wiitiii anddriw^n' with ink on the lithographic 
Kt lie I , in riiant sr ihlibhniciils a sihle biinh more fn rpieiitli used. 

f!tiyravtntf'*'f W i/n , tor maps. ^iotiutrn.ul diawin/s of exir^ kind, patint iincii* 
lions, iii.u’liino} lV< .s pnlornuil with a ilianiiitid point as ileailv and dist iicti} ns 
It ixtcuitd on (.opjH>r oi ul pi .tcs , to piiiit these ingi.i\ed ktoiies the ink hliould 
bi laid on with a dablui not a lolltr Aiiollni iiiLtliod ib hy prepuiitig tin surface 
of tin btom with a tliin coitiiiig, oi ctclitiig ground, of gum and black, upon winch 
the desipii is tracid or engravtd with an etching ]M>int , it then appeals in ulnU lines 
iiiam a black burf.iro In thib stati the stone is taken to the printer, who niinlitR ink 
to the engrased pui I, and wuhliiiig oil the gum, the drawing apiiears in o/ocA lines 
upon the white surface of the stone, and after being subiuilted to the process of 
fixing, described below, is n‘ody for printing. 

LiihotmU a process of di awing u}Kin stone wss adopted, first, bj Mr. J D. Hard- 
ing. a few years back, and since by one or two other artisrs ; several works were at 
(he time executed by this method, whtcli consists in ffamtmq the subject with a 
camel hair pencil, dipped in a preparation of liipiid liihographic chalk, using the 
latter as if it were an ordinary colour, or Indian ink, sc pm, Ate. The results of this 
process were, however, so uncertain in printing, tliat it has been almost, if not en- 
tirelv, almndoned. 

The process of printing a suVijcct executed in lithography is as follows : — The 
drawing is first executed by the artist on the stone in as perfect and finished a 
manner os if done on paper or card-board . the stone is then washed over with nitrio 
acid, diluted with gum, which neutralises the alkali, or soap, contained in the chalk. 


fixes the drawing, and cleanses the stone at the same time : this is teebnieally called 
etching. The acid is then washed off with cold water, and any partieios of the 
crayon or other substuiices which may have adhered to the eurfiice, are removed by 
the application of a sponge dipped in spinu of turpentine : the stone is now ready 
for pnnting : it is slightly wetted, charged with printing-ink by meaoa of a roller, 
the sheet of paper, which is to receive the impreaslon, is laid on it in a damp state, 
and the whole is passed through the press. 

Chromolithographg, or printing in colours firom stones (xp^go, colour), u a com- 
paratively recent introduction, but has been brought to such perfection, that works 
of art of the highest pictorial excellence are sometimei eo closely imitated, as to 
deceive very competent Jndges, A portrait of Shakspeare, for example, executed 
ill chromoliAography by Mr. Vincent Brooks, of London, firom u old oil gn\nimg» 
is so marvellous a copy of the original os almost to defy detection. Chroinolit)i^ 
grapfay, as a beautifiil medium of illustration, is now in very gimeral use* the prooeia 
may be thus described. A drawing of the aubjeot, in outline, on tratisfer tracing 
paper, ia made in Uie ordinary way : when traoiferred to a atone, tbia drawing la 
called the heg/theuif and it serves aaa guide toall the oTberi, for H moat be tranafiBrred 
to aa many different atones aa there are colouri in the subjects aa many as thirty 
atones have been naed in the prodnetion of one eohmred imnt The fliitsloaa re- 
quired, gmially ibr ilat, local tials, ia eovered with lithogitt|ihia ink where the 

S abould he of aotid eoloun the difibrent gradationa art prodooed by rah- 
the atone with mWiap-ita^ or tint-uik, made of soap, iM lac, Ae. aoA 
apahitad IMiographieehali where ntomuji the atone ia than washed over wttb 
nitrons aoid, and goes through the entife prooesa deaoribed above. A roller ehamd 
with lithographic printiiqi«Hik ia then pa aied over it to aaoertain if the drawhig 
oomea as desirad ; and the ink is Unaiediately allerwards washed off with tarpinliaat 
if satisfimcory, thie atooe is ready thr printiog, and ia worked off In the reqoialla 
oohwrs the next stone md argo as iko same yr oeeis for aoathar oolOittvaM «o with 
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iha rest till the work Is eomplete: it will of eoafie, be mderstood, that before aoj 
sltn^ ^presaion is finished, it will hare to pass through as manj separate printings 
as there are drawings on stones. The colours used in printing are ground up with 
bnmt linseed oil, termed vamuh. — J. D. 

LFTHOM AROEX A silicate of alumina, in manj respects resembling China clay or 
kaoUd, which see. 

« LITMUS (Thuraeicd, Fr.s Laekmu$t Germ.^ is prepared in Holland from the 
epeellM of lichen called Lecanora tartarea, RoeeeUa iartarta. The gn)und lichens are 
first treated with urine containing a little potash, and allowed to ferment for several 
weeks, whereby they produce a purple-ifid ; the coloured liquor, treated with quick- 
Ihne and some more urine, is set again to ferment during two or three weeks, then 
it is mixed with chalk or gypsum into a paste, which is formed into small cubical 
pwices by being pressed into brass moulds, and dried in the shade. Litmus has a 
Violet-blue colour, is easy to pulverise, is partially soluble in water and dilute alcohol, 
leaving a residuum consisting of carbonate of lime, of clay, silica, gypsum, and oxide 
of iron combined with the dye. The colour of litmus is not altered by alkalies, but is 
reddened by acids; and is therefore used in chemistry as a delicate test of acidity, 
either in the state of solution or of unsised paper stained with it See Licben. 

The preparation of litmus has been describe by Ferber, Morelos, and others. 

Dr. Pereira, writes, ** Litmus is imported from Holland, in the form of small, rec- 
tangular, light, and Mable cakes of an indigo bine colour. Examined by the mi- 
croscope, we find sporulcs and portions of the epidermis and mesothallns of some 
species of lichen, moss, leaves, sand, &c. The odosr of the cakes is that of indigo 
and violets. The violet odour is acquired while the mixture is undergoing fermen- 
tation, and is common to all the tinctorial lichens. It has led some writers into the 
error of supposing that the litmus makers use Florentine orris in the manufacture 
of litmus. The indigo colour depends on the presence of indigo in the litmus cokes." 

LITMUS PAPER. Paper coloured with an infusion of litmus, used as a test for 
the presence of acids. 

Faraday, in his Chemieai Manipuktum^ recommends an infnsion of one ounce of 
litmus, and half a pint of hot water. Bibulous paper is saturated with this. Profossor 
Graham prefers good letter paper to the unsized paper. In order to obtain very de- 
licate test-paper, the alkali in die litmus must be almost neutralised by a minute pmon 
of acid. 

LITTORAL (a geological term). Belonging to the sea-sbore. 

LI VI- 1)1 Bl. Another name for Divi-divi. See Leather. 

LIXIVIATION {Lessivage, Fr ; Aualagen, Germ.) signifies the abstraction by 
water of the soluble alkaline or saline matters present in any earthy admixture ; as 
from that of quicklime and potashes to make potash lye, flnom that of effloresoed alum 
schist to make aluminous liquors, &c. 

LLAMA. A genus of animals belonging to the class Mammalia, order Otmlata, 
family Bovidm, and tribe Camelina, Thej ate the camels of South Ameiica, to 
which country they are confined. In the wild state the llamas keep toge^er in herds 
of foom one to two hundred. There are two distinct species found wild in South 
America, inhabiting the Pernvian Alps, the Phmpas, and the mountains of Chili. 
'J'hese animals are used as beasts of burtlien ; cords and sacks, as well as stuffii for 
ponchos, &c., are fabricated from tbeir wool ; and their bones are converted into instm- 
meots fmj^eaving the same. The Alpao^ which is a variety of the Hama, has 
given ItAHnc to a cloth mannfoctured fr^ its hair; and this has become so valnablei 


that attempts^ have been made to naturalise the animal in Europe. The success, 
however, which has attended these attempts has not been great. Ae foUpwing note 
from the Penny Cyelcpedia, article Uama, is important 
** In reference to the wool, ire may here state that a herd of thir^-six, indludiM too 
kinds called llamas, alpacas, and vicunas or vlgonias, were sent from Lima 
and Conception (Chili) to Buenos Ayres by jonmevs of two or three les^fues. ^ 
those who may be inclined to import these ammals, it may he necessary to stfile tbM 
they were fed during the journey with potatoes, main, and hay. As soon, hovwyer, 
as the potatoes were exhausted, constipation came on so obstinately, that medieai 
relief was rewired. They were shipped as a present from Godoy, the J* 

Peace, to the Empress Josephine, hot only eleven arrived at Csidls in 1806, Jttf w 
Godoy foil into disgrace. Here two died, and the rest were neaf being 
the sea by the infuriatefl rabble; in their detestatiofi of the late miolstef and ■w®; 
The poor llamas were however eaved from the tender merdes of the F^eMce ly w 
gwernor of Cadis, and were consigned to Don Frnndsco de Thewm « Ailu« 8sw» 
who had a fine menagerie at San Lucar d* Bafofrme^ When the Prendi OOWPIJ 
the province. Marshal Soult protected Ifreinl and M. Bttry 8t. Vtowglf wW W 
with t^ army, studied tbeir bifoita, and executed druwfoge of foenl, whMh WjMjJ 
«tihe tattle of Vittorio M.Bai 7 ,iddgnittetC,ntidttlloU>drWMi.«aiWM"** 
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caoh kind wm loit to tk« Aotdcmjr of SeieiiMa dt tko MOii of tko 

French Mturalicl nod the philocoplileel SpenbH^ U irowld iKFpW that Im ioooo of 
the alpa-vigonia (pfodaeed by a eroM betireeo f oigooia and an ilpaei} bad pOab 
greater Irngih than anj other ▼■riety« and ia aia Imii hra\ter/* 

The following la flrom Jamn^$ Abiwy ^ tke Witrsird Atunti/arhirt la ftfbliadi 
p. 652 

To eommeOee with the earlieefc Pontion of the alpi^m a e mwii recur to ae pgrly • 
wriod M the year 1595. when Pfaianw and hie b*t»x>(nui» eoinpaniona invaded Fom. 
11 le iflatod by the Spnniab hiporlane* that they found UietV four ^arletlM of shoepi 
two. the guanaco and the victioa, in a pld etnte. ranging the nunuitaliiQaa traota 
of South America t and the otheia, the llama and the pni on, or alMMia» dameetl- 
cated. The ftirmer of tbeae doroaitio animaii; partaking aouirwhat of the Mtare and 
aiie of the Aminan caniel, was in like manner employed as a beast of burden. 
Though in many feafnrrs similar to tlio llama. Uie di;«cA had aereral etear marka 
tf uistiuoliou. and among otbera was less, and the much longer and aofter in 
fihrt' lu the sixteenth century, nnd even Irom ihe remotest times, the PemTinos 
being comparatively (ti> the other tribes of the great continent of America) a civilised 
people, and well acquainted with the arts of spinning nnd weaving, fiibrieaied IVoai 
alpaca wool tevtun^s of much delicacy and beanty. which were highly priied as 
articles of dress. And (hat (he nse of them had prevailed for centuries is demonitrated 
by the opening of sen ml very ancient tomlo ot the Peruvians, in which the dead 
liad been enwrapped in stiifTs made from the 6ecre of the alpaca. 

In general, the alpaca ranges about four feet in height, the siae of s full grown 
deer, and, like it, is of gnicefhl appmrauce. lie deece is superior to tlie sheep in 
length and softness, averaging six inches (the length of the staple of the alpaca 
fleece is on an average much less than formerly, probably from being shorn oftener), 
and sometimes it has been procured even of an extraordinary length | a specimen 
shown at the (Ireat Kxhibition. hy Messrs. Walter Milligan and Son, reaching to 
fbrty<two inches in length. The fleeces, when annually shorn, range from flve to six 
pooods. Contrary to experience in other deacriptions of wool, the fibre of the Al* 
paca fleece acquiree strength wkhoat coareeness; besides, each filament appears 
straight, well formed, and free from eriipnesa, and the quality is more uniform 
throughont the fleece. There is also a traotpafcncy, a glittering brightness upon 
the aurfacc, giving it the glossiness of silk, which is enhanced on its passing through 
the dye-vat. It is also distinguished by softness and elasticity, essential properties 
in the manufacture of fine goods, being exempt f^om spiral, curly, and shag^ defects | 
and it spins, when treated properly arcording to the present improved method, easily, 
and yields an even, strong, and true thread. With all these remarkable qualities, H 
was rang before the value of alpaca wool was known or appreeiated in this country. 

Recurring to the application of the alpaca fleece to niaouraetoring purposes in 
England, it was long delayed. Tbongh so early as the year 1907, the Bntiso troops 
retuniingfrom the attack of Ruenos Ayres brought with them a fkw bags of thb wool, 
which were submiUed for inspection in London i but, observes Walton in his work 
on alpaca, ** owing to the difficulty of spinning it, or the prqjndice of our manufac- 
turers, it did not then come into notice,** and for mow than tweuty years the attempt 
does not seem to have been renewed ; thns depriving; for that period, the country of 
the ailvantage derived from this notable manuficture. 

According to the best auihoritiet, the first penoa in Rngland who introduced a 
marketable fhbrio made from this material was Mr. Benjamin Outram, a seientjfie 
manuffietarer of Greetland, near Halifax, who, aboot the year 1830, canDoonted, 
with much difficulty, the obstacles encountered in ipinning the wool, and eventually 
produced an article which sold at high prices Ibr ladies carriage ebawU and cloak* 
ingi} but their value arose more ftom being rare and curious articles than Atm 
iBtriusic wortlk 

Thwc ware, it b wdl cttUbM, qaite dotitate of tbe poddbr iM bmatjr 
vhiek dittiapiMi the al|MM. laatNo and &line> of talar ttawa. and aftoradwrt pariod 
the mannliietare was ahandenedo 

Ab^ tSmurntimmm Ib.OaMm wa. «aarlae goU ftmat^ltewaol 
atinaMi At wMiea of ilw Btadted oidoiMra. HiMn. WooAaad WailMr *paa H to 
■OHM MtMt Ibr CMdat ww,, aMd to tba Rorwieh tnda. Owiiw to tha ahMipaM el 
alpae. wool dodiw lb. Ant yoar. of ito ooonaapOon ia ISBi^aad, k wa. aaoatioMlIy 

aaiplayod iMMMd of hog wool ftr prapanaf laqliiiK aod «u.blot wn MV 

f pR^ib iQ nbont Mo 48. 

The caiUcst auumlkciBfwnf the alpaca wool into gsoda at Bradibrd apfeaci to 
bxvc oeoanod oader ihme eireainstaDcoa, la tbe oommenoeqMBt of 1888 acme 
g*atlaaii% ccnaecied with Iht trada lo tbt wefficcastof Soath America, wfca on a 
Tbit at the hoim of J. Oanmh E^h of Clichcit^aaii OB Mr aliwiliig to tba dlflb 

edty ofmeetbg with asMlIb ictnrMlbr gaodaffirwaidcdtoMpanoftlmirairUlt 
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he fluggcsUd^ them the transmission of alpaca wool, and ofFtrid, if they would send 
him a Aw ^joindB aught, to abctriuin its value for manufacturing pui poses. In a 
liw months he recLuid some sarnphs of alpaca wool, which, on the '2nd of Octolter, 
18)2, h( forwarded to Messrs Horsfall, of Bradfoid, with a request that they would 
test its value Accordingh they fabricated trom this wool a piece resembling heavy 
cainblet, which tlnv show id to thi Leeds merchants, but the piece, not dcM loping 
fin> piculiar qiialitits of alpaca, did not phase, so that Messrs Horsfall were not 
( ncouruged to proct ed further with ex]>eriments However, in the same year Messrs 
Iloyam, Hall, and Co, spiiitid merchants of l^iverpool, perceiving the lalueof the 
alpaca wool, directed then agents in PeriAo purchase aud ship over all the parcels 
•f alpaca wool they could meet with , some of which, bemg sent to the Bradford 
distncti was spun and manuflsctured by several paities there The pieces chiefly 
Abricated Arom alpaca m tlie neighbourhood of Bradford were figures made with 
worsted warp and alpaca weft, the figure being raised and lustrous like union 
damasks Ihcse goods were in vogue only for a limited time, for neither the figured 
nor plain ones seem to have suited the public taste 

Until the introduction of cotton warps into the worsted trade, it may safely be 
averred that the alpaca nianufacture had not been developed, and would never have 
made much progress without being combined with cotton or silk warp '1 o Titus 
halt, Ksq of Bradford, miut undoubudly be awarded the high piaise of finally over- 
f omiiig the difficulties of preparing and spinning the alpaca wool so os to pioducc an 
t ven and true thread, and, by combining it with cotton warps, which had then (18J6) 
been impoited into the trade of Bradfo^, improved the manufacture so as to make it 
one of the staple industriea of the kingdom. He has, by an admirable adaptation of 
inaohinery, been enabled to work up the material with the case of ordinary wool, aud 
thus present beautiful alpaca stuffs at a reasonable rate Every previous attempt had 
been made, so far as can be ascertained, with worsted warps, with which the alpaca 
did not easily assort 

About the yiar 18J6 the alpaca tiadc had become established, and has since risen 
to much importance Aficr this period the manufacture rapidly extended The 
great mercantile house of A and S Henry took very large quantities of alpaca stnffs, 
which began to be made in an endless variety of goods suited both for male and 
female dress, including scarfs, handkerchiefs, and cravats, plain and figured goods, 
both with Bilk and cotton warp, for ladies' di esses, dyed alpaca checks of beautifiil 
textnre, and a variety of grograms, codnngtons, silk-stnped, cheeked, and figured 
alpacas and alpaca linings The demand for these Tarions alpaca fatincs during the 
period between 1841 and 1846 remained uniform and steady 
At the eommencement of the manufacture of alpaca goods with cotton warps (silk 
was not used), the weft was spun firom fine qualities of the wool into low numbers, 
and the pieces were made much ncher and heavier than has been the case more re- 
cently, the demand having altered in favour of lighter and less costly cloth. 

Most of the alpaca wool brought into the United Kingdom is unshipped at Liver- 
pool, but a small portion is also earned to London At these two ports, it may be 
asserted, the whole imported into this country is landed. It amves in small bales, 
called ballots, weighing about seventy pounds, and is generally in an impure state, 
with different qnauties mixed Like the fleece of the sheep, that of the alpaca is 
composed of different qualities, so that the portion growing on the hind quarters is of 
an infsfMjjlpsciiption. The wool is sorted into about eight different qualities, each 
fitted fbiVpkrtiLular class of goods. Owing to the dirty state of the fleeces, and the 
peculiar nature of the dusty particles arising during the progress of sorting, the opers- 
tum IB an unhealthy one, unless great care be taken by ventilation to counteract this 
baneful effect After being sorted, it is at Saltaire washed and combed by Machinery. 
Until of late } ears it was combed wholly by hand, and the combs used for the puiwe 
were of a deeper pitch than those usually adopted for preparing sheep’s wool, that 
18 , those combs bad a laiger number of teeth than ordinary. The next process is to 
draw the sliver, which is perfected by an improved gill machine, eapeoially adapted 
for this material Aud here, m combing and preparing the alpaca wool, so as to 
make a clean, even, and glossy thread, lay the grand difficulty in the way of 
the alpaca fibre to the worsted manuActure, and which waa so successfoUp miriQffiiatea 
by Mr. Salt 

The mam articles now manufactured firom alpaca wool censist of alpaca 
which are dyed, and alpaca mixtures, which are uudyed, and both aramadie c f aogg 
or silk warp. These plain goods may firom their exteaaive and steady' 
stock articles Large quantities of Anoy alpacas am made, bad they aria fwpidly' 
ing and are distingnibhed by innumerable names. The matanal Is at pidaddj 
shorter m staple than formerly, owing to the alpaca being shorn oftcnCPt ao tW*” 
now commonly firom five to eight Inohes m length. Nearte all tha alpaca ww 
earned m England is worked np m the Bradfbrd distrAt 
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Dating from the year 1834, when the luiporiation of alfiun wool ftprnng np aa a 
|M niiaiM lit lirancb of coniTDeree, tin detnoiid in ihia country hts. with the eacvptioo 
of tiif loat two yiani, on Mie whole been a gr » t tr oni Mr WaUon, in hia work on 
tiu alpam, exhihitH the quantitiei export^ ctiMfly t<i F.nglaitd ontti the >ear 1843. 
w hen the tariff 1 in having < onn i ito operation^ *hi tetuf n» b< g \n to be more correctly 
f I imed, and tin. alpaca «(mi 1 was then ctaased by (at if 
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1834 

5,TiV) 


1831 

1,825,500 

1835 

184,400 


1840 

1,850,000 

1838 1 

1<I9 000 


1^11 

1,500.000 

IHI7 

:is'i,‘<oo 


HI4 

1,448,299 

1 !• K 1 

1 

4 *>9,300 





In the interval of thcao tnelve }eani, the pneehad, mth the demand, progreeaiTely 
im reaaed tht price m 1834 only amounted to about eigktpence half^nay per pound . 
m\t year it i adieil marly tciipcnce, the year after one ahilling. In 188M, tonp- 
mania of one bhiiling and three pence halfpenny , and in I8‘5U, to odo shilling and 
fuuriwnci* per (hiuiuI 

Since the ytar IK |2, the retoma of alpaca wool imported into thia country are of • 
more n 1 able c haracter. The following table hat been drawn np from daU fumiahed 
by the Board of Trade. 


Year* 

Lba 

Tear* 

I.ht. 

1843 

1,458,032 

1850 

1,652.295 

1844 

635,357 

1851 

2,013,202 

1845 

1,261,905 

1852 

2,068,594 

1846 

1,554,287 

1853 

3,148,267 

1848 

1,521,370 

1854 

14167,518 

1649 

1,6.55,300 

1855 

1,446,707 


Theae large qmantitiea were yet increawd in iudo, wnen wc nnpeneo irom reru 
2,773,886 Ibi.; from New Omnado. 822,889 \U ; and 6,867 Ibi from other |mrta. 

During the laaC ten veari, the prices have fluctuated conaiderably. In 1844, one 
■hilling and eightpence W pound waa quoted as the price of the white ftwee, end two 
■hillinge ibr the black one In the year 1855, according to the price en^te, the 
being Midulated with sulphnno acid), and ii depooited fu the form crystalline platen 
average fitea were thus ijttoted.— 

A Ipeca, beet white - - - • 

Ditto, brown and black - 
Viconot best dork coloured 


M. d, 

• 3 8 

- 9 8 

- .*)« 0 

- 0 10) 


e d, 
to 3 8 

M fl 8 

m 8 8 

H I 8 


Hift throe fluotations aae aomewhat higher for alpsea weol than the prices newr 
rangedfrom twoshilling* to two shUling. and two- 

diovn hi <h« E*WbWoii of 1R6*, ond wm Mated to bei«mtlli> 
fa to ^iwer rf wtota?.S:^id..y. I. i. thought ihi. wOl ..k. It eafaaUo f 

load ooimot hot be naeftil, the toBowing rable ii borrowed from Mr, P, Mt, axrmtrtvw 
- TfodM PrcdmtfT ^ 


^ 0 fii m • 8 qrs* or 40 hatlMia 
- SOtraaseeor II cwt. 


- ISewt. 

• 19 cwt 83 Iho. 

* 8001 

- looa 

(in Deit7i^)8Mieso' 
Moriy sewt 
Bnlmriiea - 88 honaleoa 
• - 37 fret 


Old bay- 
New hay 
Brkka « 
TUoi 


Coffee, in hoga - 

Rice - • 

Timber— 

1 loeb plank • 
Uineh ^ - 
3 mail •, • 
3|lnek „ * 
8Umh » • 


13eirt 

10 OWti 

OOOsqaoreflMt 
400 „ 

900 n n 

340 „ 

800 „ „ 

170 g. gg 
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LOADSTONE, MAGNETIC IRON STONE. (Fer oxyduU, Fr.; Jlfameteisen- 
ateih. Germ.) An iron ore coOBUting of the protoxide and peroxide iron in a state 
of combination. 

It was lirAt discovered in Magnesia, and from that province has been derived the 
name Magnut applied to this ore of iron. The term loadstone, however, is given to 
those specimens which are powerfully magnetic only. A considerable number of the 
Igneous rocks coiitainiiijir iron are magnetic, and manv magnetic oxides of iron are 
found in Engluiid, especially near Penryn in Cornwall, near Brent in Devonshire, at 
lioscdale in Yorkshire, and some other places. See Ikon. 

LOAM. (J^erre limoneuWt Fr. ; I^hm, Gd^m.) A native clay mixed with quartx 
sand and iron oehre, and occasionally with some carbonate of lime. 

** More commonly we find sand and clay or clay and marl intermixed in the same 
mass. When the sand and clay ore each in considerable quantities, the mixture is 
culled * loam.’ ” — LyeU. 

LOCKS. Although locks are distinctly n manufacture, yet they were not em- 
braced in former editions of this work, the chief cause of this being the desire on the 
part of Dr. Ure to limit the articles of the dictionary to inch manufactures as were 
not comprehended within his meaning of the term handicraft. 

The lock manufacture is essentially one of handicraft, and seeing that these vo- 
lumes coaid not possibly enter into any detailed description of this and numerous 
other trades, as watchmaking and the like, it has been determined that a brief notice 
of the several kinds of locks alone shall find a place in its pages. 

I’he lock manufacture of this country is confined almost exclusively to Wolver- 
hampton and the neighbouring village of Willenhall. There are very few large 
inanufhetories, almost all kinds of locks being made by small masters, employing 
from half a dozen to a dozen men. 

In nearly every kind of lock, a bolt shoots out from the box or lock, usually of an 
oblong shape, and catches in some kind of staple or box fixed to receive it Ui soma 
a staple enters the lock, and the bolt passes through the staple within the lock. The 
lock of a room door is of the first character. The lock of a writing desk, or ordi- 
nary box, is of the second kind. Tlin key is merety A bent piece of iron whfeh, on 
entering the lock, can move freely and push forwavfi the bolt. To the bolts of su- 
perior locks springs are attached, and the ftwoe required to turn the kev in a look is 
the force necessary to overcome the resistance of the springs. The roUowing two 
figures, U43, 1 144, repreCent the character of a lock with wards or wheels wbid are 
introduced to give safety. Fm* 1148 is an ordinary back spring lock, representing the 
bolt half shot ; a* a'' are notones on the under side of the bolt connected by a curved 
portion ; ^ is the baek spring, which is of course compressed as the curved portion of . 
the bolt passes through the aperture prepared for it in the rim of the lock \ when 
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the bolt is withdrawn, the notch a’ rests in the rim i when the bolt is shot, the notch 
a** reste in the same manner. The action of the key and wards is shown in 
1144. The curved pieces of metal are the wards ; and there are two olefti in the 
bit of tlie key to enable it to move without interrimtion. 

The tumbler lock is shown in Its most simple form in fla, 1 148. Here the bolt W 
two slots aa in the upper part; and behind me bolt is a kind of UtehAwhich camss 
a projecting piece of metal ; c, this is the tombler which tnowes fteely 
the other end. When tbe bolt is flilly shot the projecting pieee of metal Wto wj 
one notch j and when withdrawn, it fhlls into the othef* Ittdll be evident hate UJJ 
the action of the key is to raise the tumbler, lo that the bolt ban free inoifon itws 
action will be intellmible by tracing the a et iiaii of the key on the dotted Untn 
tumbler looks are greatly varied in ehaa8dtir ; but In principle tbny at e ei nbw 
described. Numerous 'weU«hnniwn lorits have been patented, tbe moat femasnElOT 
being Chubb’s Inek, whleh baa been fblly described by tbe taventori in n 
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retd before the loatituticm of CitiI Boi^nem j end tbo In «n evetIMil irettlw on 
locks to be tband in Hr. Wealo*t lerisi of ucolbl mtnntli. TbUt look li kMontUUly ■ 
tnmbler lock, it being fitted np vith fio lets tbnn tin tombkin f and ||« tor boo to 
raise by a series of steps these, beibre the boll U tol to move, It wilt he stotosi 
that imleM the key is fsiaetly fitted to move ihsao, thorn Is no ehauee of MviM fikt 
bolt In his paper already alloddl tm Iff. Chubb sm * 

" The nmnber of changes which am^ be eimiad on the hm et a thin# Itoi 
drawer look is 1 k2>(3x4k AwSMyso^ to unnaber of dMtont rirmbtiimisie 

which may be made on the six steps of naefinal 
hmmhs wttont altering thi length of either Mep. 
Thirbeight of the sbmtcsc stap Is however 
Otobln of being rvdured, 80 toesi and cneh 
rhne of being ledneed, the 780 eonbinadhnw may 
bevepeatedf tbsrefbre 720 y 80«i 1 4,400 ohangea" 
By effecting ehangi's oi this chsracter, therefore, 
nlmoet any numhet of combinadoiis can be pro- 
doeed The Bramah lock has bven long 
brated, and most deservedly so. Notwithstanding 
the filet that this lock was picked by Mr, Uobbs 
iiOer having tlie lock in his possession for six- 
teen ds>s, It appears to us that It most flilly justi- 
fies the bMst made by Mr. Hrsinah is his /^i«- 
srrla/ion on iht ConstturUnn nf JLorkn,** ** Being confident,” he says, **that 1 have 
contrived a security which no iostrumeut but its proper key can reach, and which 
may be so applied as not only to defy to art and ingenuity of the most skllfiii 
workman, but to render the utmost force ineffectual, and thereby to secure what is 
most salut'd as well from dishonest servants as from to midnight rufflan, 1 think 
myself at liiierty to declare (what nothing but the discovery of an infallible remedy 
would Justify my disclosing) that all de|)endeiicc on the inviolable security of locks, 
e%eo of those which arc constructed on to best principle of any in general use, is 
fhllacioui.** ITe then proceeds to demonstrate the imperfections of ordinary locks 
and to describe his own. 

** 1'he body of a Bramah lock may be considered as funned of two eoneeiitrio brass 
barrels, the outer one fixed, and to inner rotating within it. The inner barrel has 
apnjecting stud, which, while the barrel is rotating, comes In eemtaet with to bolt 
in such a way as to shoot or Ipck it \ and thus the stud serves to same purpose u 
to bk of an ordinary key, rendering to coBstmetion of a bit to to Bramah key 
wmecessary. If the barrel can be made to rotate to the right of left, to bolt oan bo 
'^loekod or noloeked, and the problem is, therefore, how to insure to rotation of tbo 
barrel. The k^, which has a pipe or hollow sh^ Is insertfd in to keyhole opou 
to pin, and is then turned round} but there most be a nieo adlustment of to mo* 
obanism of the barrel belbre this taming round of the key and Ibe barrel can bo in- 
sured. The barrel has an external groove at right angles to the axis, penetrating to 
a certain depth } and it has also several internal loogiCudittal grooves Ibom end to 
end. In these ioteraal grooves thin pieces of steel are able to slide, in n direction 
parallel with the axis of the barrel. A thm plate of ateel ealled to locking plate, » 
acrawed in two portions to the outer barrel, concentrie with to inner barrd } and at 
to asme time occupying the external circular groove of to inner barrel } this phte 
has votebes, fitted in number tnd sise to receive the edges of to slides which work in 
the internal loi^iidina] grooves of the barreL If this were all, the barrel coold not 
ravolve, beeaoae to slides are catching in to grooves of the locking plate } hot each 
slide has also a groove, eorreepending in depth to to extent of this entraglement} and 
if this graovo be brooght to the plane of the locking plate, to barrel can be Cnniid, 
eo fiir as re s peeti the tndividnal elide. All to slides most, however, be so adjusted, 
that their grooves shall ooma to the same plane } bat, ns to notch la entat diffemne 
points in the lengths of to several slides, to alidei have to be pasM in to dUbrant 
distenees in to barrel in order tot this Jnxtiposltloa of notebes moff hd Insorad. 
Thb la eflbeted by to key, whkh has notebee or defts at to end of to pbo egmd in 
number to to elides, sad mads to fit to snds of to sUdss whsn to key Is in- 
serted; tokey pretteeeseh slide, sod pnshes ft so ihr os to dspth ^ Bs dsfl wlU 
pormiti and nil these depths an tneb tot dl to slidea are potofi to to sms 
position wberatoirnolte all be into sassspISMt thia is to plane of to locitog 
B^wdtobiwrelenabs then tornsd.* (IWiM an to Cniiteiicto ^ 

In tbli woik to dsteils on coBSiractlon are givenirUb greid dsanesn 
Tbs Antedean bank Istotsspoeially tot of Meisia. Day and Nowell bten sas, 
ailed nmeh atteotloo. Their iMsh patent dsNrIbes it tkosj — 

« The ddset of to pieotett fis p t o v em ente is to eenstructiitt of Md bi mb 
manner tot to interior smngmsente, or to oombinstkin of to MfeiMd movMs 
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partii may be changed at pleaaure according to the ibrm giren to, or change made in, 
the key, without the neoeasity of arranging the morable parts of the look by hand, 
or removing the lock or any part thereof ft-om the door. In locks constructed on 
this plan the key may be altered at pleasure ; and the act of locking, or throwing out 
the bolt of the look, produces the particular arrangements of the internal parts, 
which oorrespond to that of the key for the time being. While the same is locked, 
this form is retained until the lock is unlocked or the bolt withdrawn, upon which 
the internal movable parts return to their original position, with reference to each 
other; but these parts cannot be made to assume or he brought back to their original 
position, except by a key of the precise form and dimensions as the key by which they 
were made to assume such arrangement in fhe act of locking. The key is change- 
able at pleasure, and the lock receives a special form in the act of lockiDg.according 
to the key employed, and retains that form until m the act of unlocking by the same 
key it resumes its original or unlocked state. The lock is again changeable at plea, 
sure, simply by altering the arrangement of the movable bits of the key ; and the 
key may be changed to any one of the forms within the number of permutations of 
which foe parts are susceptible.***— April 16, 1851. 

Mr. Hobbs who has been carrying out the manufacture of American locks in this 
country has introduced an inexpensive lock, which he calls a protector lock. The 
following description is borrowed from Mr. Charles Tomlinson's Treaim on the 
Construction iff ZorAs ; 

** When the American locks become known in England, Mr. Hobbs undertook 
the superintendence of their manufacture, and their introduction into the commcrciol 
world. Such a lock as that just described must necessarily be a complex piece of 
meehmism ; it is intended for use in the doors of receptacles containing property of 
great vblue } and the aim has been to baffle all the methods at present known of 
picking loeks, by a combination of mechanism necessarily elaborate. Such a lock 
must of necessity be costly ; but in order to supply the demand for a small lock at 
moderate price, Mr. Hefooa has introduced what he calls a protector lock. This is a 
modification of foe ordinary six-tumbler lock. It bears an affinity to the lock of 
Messra Day and Newell, inasmuch as it ir an attempt to introdnee foe same prin- 
ciple of security against picking, while avoiding the complexity of the changeable 
loM. The distinction which Mr. Hobbs has made between secure and insecure locks 
will be understood fVom foe following proposition, via. * that whenever foe paits of 
a lock which come in ooutact with the key are so affected by anT|piessttre applied to 
the bolt, or to that portion of foe look by which the bolt is withdrawn, as to indicate 
foe points of rmiitanoe to the withdrawal of the bolt, such a lock can be picked.* 
Feg. 1 147 exhibita foe internal mechanism of this new patent lock. It contains the 
usual contrivances of tamUers and springs, with a key cut into steps to salt the dif% 
ferent heights to which foe tumUers must be raised. The key is shown separately 
in fia. 1148. But there is a small additional piece of mechanism, in wf^ich foe 
tumiMr stump shown at s in Jigs. 1 146 and 1147 is attached ; which piece is intended to 
work under or behind foe bolt of foe lock, la Jig, 1 147, 6 is foe bolt ; I ( ia the fironi 
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bindt asalnst them, How fkr iUf blthig fbdMl«i tbt iMbiji of o |m1i wtU bo 
•hown Atftbor oo f but it will loftoo here U> Ibut the ntoviwe oolloii f Itoh to 
the ttomp in the Hobbe look tnnalbn the preoMfl to toother qiii|rt«r. Thfe ijtanip e 
it riveted to t peoofitrly^ihtpfd piooe of toetti hO (Jtff- 1i46> the hole in thOOMMe 
of which flti upoo t eentre or pit fa t reeoii Mtohl otthebtfk of thebcdlt m 
pieee movee etiUy ot its centre^ Imm is prevoatol ftm so doiof spdataaeoiiiljr W a 
stntll biMiidg spnag. The moM hk which khk Stotll novthle pwee ttket pset hi 1h« 
Action of the lock is ts foUowi: whet the proper W i* tppUed hi (he usutl way* the 
tumblers are all raised to the proper heights tor Atlowmg the iHunp to peas hoA* 
sontally through the gating t bat awwld mre be aa nttonipt Toade, either by t llilso 
key or by any other inatrument, to wllhmir the belt beh^< the toiaibleni are pto* 
perly niesd, the attoip becomes M obstoele. Maetfng with an eftotroetioo to he 
peastge, the atuttip ttrna the piece to #hich It la attaehvd tm ns eeotva» and moves the 
arm of the piece p aothat it shall eoma into contact wi*li a stud rive^ into the ease 
of the bi« k ; and in this position there is a firm rr iistaoce aninst the withdrawal of 
the bolt. The tumblers are at the caiiM* moment rclcssod miin the pressure of the 
Rtuinp. There is a dog or lever tL whifh catches into the top of the holt, and 
thereby serves as an ad^tional security against ita being torced back. At A la the 
drill.uio on which the pipe of the key works) and r is a metal pieee on which the 
tumblers rest w hen the key Is not operating upon them. 

Another lo<'k, patented by Mr. llubhs in 1852, hoe for its oldrct the absolute 
closing i>f the key-hole during the process of locking. The key does not work or 
tiiin on its own centre, but occupies a small cell ur chamber in a revolving cylinder, 
which is turned by a fixed hamlle. The bit of the movable key is entire!) separable 
from the shaft or stem, into whusb it is sore wed, and may be detached by tnming 
roond a small milled beaded thumb-screw. The key ie placed in the key-hole in 
tho usual way, but it cannot turn ; its circular movement round the stem as an axis 
is prevented by the internal mechanism of the lock } it is left in the key-hole, and 
the stem is detached *from it by unscrewing. Ky turning the handle^ the key-bit, 
which is left in the chamber of the cylinder, it brought into contact with the works 
of the lock, so as to shoot and withdraw the bolt This revolution may take place 
whether the bit of the movable key occupy its little cell in the plate or not t only 
with this difiference — that if the bit be fid in the lock, the plate revolves without 
acting upon any of the tumblers } but if the bit be in its place* it viiaes the tumblers 
in the proper way for shooting or withdrawing the boll. It will hi underitood that 
there u only oue key-hole, namely, that tbrouuh which thp dlMble key is in* 
sorted { the other handle or fixed key working through i hdli m the cover of the 
look Oily )t»t large enough to receive it, and not being remmMl from the lock 
JUSM JM the plate turns round so tor as to enable the keji'-hit to act upon the 
tumblirlK the key-hole becomes entirely closed by the plate itself, so that the actual 
lockiito m ifectA at the very time when all access to the interior through the key • 
hole ie kit oik When the bolt has been shot, the plate comet round to its original 
positkm* k nneovers the key ^ hole, and exhibits the key-bit occupying the little cell 
into which it had been dropiK'd ; the stem is then to be screwed into the bit, and the 
latter withdrawn. It is one consequence of this arrangement, that the key has to be 
screwed and unscrewed when used ; but through this arrangement the keyhole 
becomes a scaled book to one who has not the ri^ht key. Nothing can be moved, 
provided the bit and stem of the key be both left m } but by leaving in the lock the 
former without the latter, the plate can rotate, the tumblers can be lifted, and the 
bolt can be shot. 

LOCOMOTIVE ENGINES. The character of thic work ezclndes any special 
notice of a subject ao entirely belonging to a work on Meohanioal Engioeering; ae 
that of tooomouve engiiiee. Neverthelem, since so moch has lately been said and 
written on the qweatioa of employing coal oo our railwaye instead of coke, we 
are induced to iutrodnee the tollowmg arrangement, which secures eombuation 
without smoke. It la known ac Dumery’s plan, annexed drawi^^, lUg, 
ia a section of a locomotive engine* used oo the Chalons Railway* ^ coal ia 
thrown in to tho side pipes a k, which open below the plaftorm on wkioh Jbe cn|iae- 
man standa. Theee pipes eondnet the coil by their own gravity to tho lover ml 
of Ike bom, wheio they arc thrust to toe direetion of toe smws c tor a Und 
comlb or totaling which to ite rotation around toe axle s, frsnss fim doM to 
asMud tmiHiM* ibffwn f d hv toe hara 

Tbie then takw plaee, toe ooal io Its rode state (».i. fis it oosms from too pit) 
oumhig froat hdow, jfinda itself Immedlateiy to eootael with fire, which indnesi 
an escape of toe gmt, and with the pars air which pcmlte their eomtowtion to tsfro 

ptooototooonly eonditioatowhichiticpocin>li^I«e.tos8BaU Jittbvhkk fladltttoo 
the eostplels oxygeBalion of aU the parts. 





Tho gaiM onoe produced and burot, tbo toil of Ate opMtkm learcely needi 
planation. The coal ii oont erted tuto ooh«» and Aoiahec ite pawage whue buntaig 
under thif fomc and ae the re- 
mainder ol the loUdfyOindera^and 
alag (or oliaken ), are not abandoned l w 

by the dre until after all that it HJjf 

containa of a eombuetible nature 

haa diiappeared, all the detritua J V 

(refute) and dnat, cindeiu, aihee, 

&e. are depoeited on the surfhoe 7/^ 

(Mtmmt) of the bari in the eentre j-yy 

of the tire, erhere they would offer / * ^ aySmV 

an obatructlei afanirar to that found T“*” / InR : ” * 

in ordinary fae-plaoea, if the in- / llJ jalA^ 

venter had nahtiikea care to make i / ][n EHl^ 

the biin oaahidte from the centre ' | 

by a gdffU morameat. Thua, when J 

a drop of aiaf approachea the bore, HISBBBMKvSSR W* 

it If diaplacBd and thrown out s 

(by the opening of the bare) in rf»a \ y 9 

small particles. This accessoiy , i 

arrangement apparently possesses |jhi i H 

great advantages for a locomotive wS Bn iiV Ilf/ 

in saving the trouble of scraping 1 Iw^f 

and cleaning tho ban. Bi|/TOim||rJ 1 1/ / 

So if, as in an ordinary fire, coke Hll a Ir / 

or anthracite, foe., be burnt, the t 

combustion would be very complete. f A | 

Air foesh fWim the ash-pan, in I j 

naming over the combustible, would ' 

be converted into carbonic acid, t.e. ||r9|i|r j I rr^' I 

into a gas which ii unfit for fitter in L 

Combustion. But if in the place of H 
ooko or - anthracite, dec. we im 
smoke^roduoiiig eool, i. «. cbm* 

poeed of two eleiap te , one the other gaseons, this result folbwa The eomboi- 
tible gases dMHute llfiftaaetves (In this case above the combustible} in Ajittte of 
ignition, the air WaMh mill beoume vitUued in traversing the first bed bf,## 
combustible, ylU mid nnable to effect the combustion of the gam MMito 
above the fire, aid iUidke will make Its appearance i. a the combusttoa ii nk- 
complete and hnperfirat This is what takes place with combustion ^f 
flre-placea. , 

There arialso other eauaes which contribute to the imperfootion of thtetedUk* Thm 
gases in disengaging themselves do not always acquire a temperature sufiloiiliit^Mh 
to produce fiame, and the volume of combustible gas is almost always too eonsiaervble 
to sllow of its being suflleieutly penetrated with oxygen. These are some of the ^ 
dical vices which M. Dumfiry has removed in thus facing the gases at once in the 
condiden bmanited for their combustion. This procem is sidmirable, sinee^ withm 
any yrrAnltn it allows of coal being burnt with at much fheUity ai oohCt W 
saves th^im enense of converting coal into coke. 

LOCUST TREE. A North American tree, the JMinia ycswfaMcfo* ** It 
moat abundantly in the southern Stales i but it is pretty generulhf diifoaefii tbro^ 
the whole country. It sometimes exceeds four feet in oiametlr and seven^r w 


in height. The locust la one of the very few treea planted by the AmeHcMi^/^ 
StevensoiCM CivU Enfmeerina of North Aourka. This wood is snueh wad fi>r Um 
tree-nails, and is employed for stakes and paliss. 

Lode (# oUoing term). A mineral lode, or a mineral vela, Is iSbm fiaiae gitee IP 
a fiesure ia the crust of tbc earth which has been iUM in with ssetaUifiHbttr 
The miner gives the same name fodh to a fissure filled mkh qusirta, CMfbeam w 
Ac , but dm he says the lode is not *'minera1iisd^*’ eoafialag the irm ^ 

metalliferous matter. ^ ^ 

The term wni has frequently led to the idea that it expteieei 
something anibgoui to the blood voseeto of die aninml body, fo whk my Ifff y ffl; 
in the remotest degree, auy reeemblanee* During some pimiMr Udm 
crust of the earth has been erudfeed, these fimureUlsiflUfo of upMSfoUn 
imionmthediiuetiouof (IwforeewhfohprQdii^tli^ 
eges of sufamergenoe been filled in, nobofd^ to mid }d« fir 


eges of sofamergenoe been filled : 



ml 

•l»«W W Urt w 

tKHi Bee MiknM, Hib. 

LOGWOOD (fkkik cbvMk 9k\ Miwibti. k «r 

tbe « intiivf trW Mmm kmtueKi^n iB ikmhk 

uiTotded m Om mbiBUBiI (Ijeitfliiw tto etu M oily peMBM 

fH»m beiuQfidttnidfraavett pMill^ but wegiaNd te be banted wbereVer AmmiI; 
by ft lew pMMd in t|M fBoA yeii«f >er migo* iikkmidt nk 

•erne lew wee e m aM egebMt U d lmk At bller « centurr »f ebibfd 

tliite two moat tamltble tlaaiioiWliadtan^ Wjt wlueb all <mr bus, and thf fradUar part 
tif onr woolleft |MUb e^ djedt^nmae ellt^ed to be uaed 'fhe kfirob4 lBi«i Brow 
trom 40 U> 50 M tbe atcm «ve oat into iom of eboot 3 feet tbe barf iMl 

white sop (atbnniam) of wbieh ete ebipptd cdi; ilw been or red pert only beum 
<• Knglsntl Cher real Bo?e the oomtitutoti of logwood at votattf^ mk Lwaolbr, retie- 
oM moutf^ /anenm giktmoM maimr,a€ 0 ttc otel simdry belts of lime, with o/wmiM, sBWMh 
oMiiipeiisis, mid trm The deeoetioe of logwood is ol e deep dull red, which la rendcttd 
paler end of a brighter eoloar by emda Alkaliaa giro it e purplish or violet eotoor. 
\cnete of lead eaosee e bloc, elam • violet precipitate i the salte of inm make tt a 
dark violet bloe, m*latme fbrmmg a rtddiah precipitate with it 
Old wood, with black bark and with little of the white albamum, la preferred. 
Logwoo<] 18 denser than water, specific gravity, 1 057, ver} bard, of a One compact 
giatn. and almoat indestructible bj the atmospheric elements, it baa a sweet aud 
aatnogent taste, and a peculiar but inoffenatve smell, and will take a fine polish. 

Whin chipped logwood is for some time enpoaed to the air, it loaea a portion bf its 
dyeing power. Its decoction absorbs the osy^n of the atmosphere, and then acquires 
the property of precipitating with gelatine, which it had not before The dry eatract 
of logwood, ma& fboni an old decoction, affords only n fugitive colour 
For Its applications in dyeing, see Bhacn Dm » Csuco PniuruKi ; Drnxna i Hat 
pVEiiKi, Ae, 


Jmpnt t% of Lt^wood 



LOOIWO GLASS SeeMinnons. 

loom ^fssr a fieeer, Fr , WebirefaM Germ.) is the aii^t and weU-knowii 
■mdbina fbr weawing cloth by tbe decussation of a ssriea of pandlol thrsada, which 
mn l«ngfftpriM.osllcd the warp or chain, with ether threads thrown tmncrenelj with 
the sbttttle, called the woofer weft See JaonoanD Loom and WncTiMO. 

LUBE 1 CAHT 8 . Ot^noosorfiitty bodiea employed for the pawpoacef lodnetof 
thclHction hetwesn two parts of a machine or carringr. 

LtlBBICATIirOOIL. This name hu rsecntly bsen gpedany fIrsM to «i ell or 
maae psoanrad Sm the mineral n a phtha n It ogght to have a apooMo gmrl^ 

nctylngfhmilPSISm^OWMh aadtOBComsibotajmvyaiM^ AUhs^ ft 




nwkWtiriiMtfreivh 


,eiMW«feM«f«Nri •wmUiMMtearMao,' 
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LUCIFEB MATOnsa 


ibllowing ii a timple and effieaoioas plan of labrieating the Jobti and 
of maohinery by capillary atiraction, the iDvention of Edward Wodsty, Eaq. 

Ftp, 1150 representa a Un eup, which haa a amall tm tube a, which paaaea 
the bottom, aa ahown by i . 

the dotted linea. It may 1152 1151 1 

have a tin cover to keep 4 (m p 

out the duat \ 

/ip. 1151 ia a plan of | ] f O I 

theaame. u t \ / — f \ 

Fip. 1152iaaacotionof J I # 1 

the same. Oil is poured I’ *— ■ — ^ *— 

into the cup, one end f 

of a wora^ or cotton [fj , A 

thread la dipped into the f 

oih and the other end ' < 


beariqgi 

trough 



paaaed throoffh the tube. 

The capillary attrac- 
tion cauaea the oil to 
ascend and paaa over the 
oniloe of the tube, whence 
it gradually descends, and 
dropa alower or quicker 
aecording to the length 
of the thread or ita thick- 
neilh nntil every particle 
of oil ia drawn over by 
tbia capillary aiphon. 
The tube ia intended to 
bo put into the bearings 
of shafla,&c., and is made 
of any slae that may be 
wtihA If oil, or other 
liquids, ia desired to be 
dropped npon a gnnd- 
atone or other ,aarikce. 



this cup cau have a handle to it, or be hung from the coiling. 

Ftg 1 1 63. It is frequently required to atop the capillary action when the maehinery 
ia not going i and this has been effected by means of a tightening screw, which pa^ 
through a screw boss in the cover of the cup, and presses against the internal orifiea 
of the tube, preventing the oil from passing. 

/fp 1154. Aa when these screw cups are used upon beams of enmnea and moving 
beatings, the screw is apt to be tightened by the motion; and also, astbe tetion 
of the screw is uncertain, ihnn the workman neglecting to screw it down snflcietttlyf 
it answers beat to take out the capillary thread when the lubrication la not re^ultw; 
and to effect thb easily, a tin top is fixed to the cup, with a round pipe soldered to itt 
this pipe has a slit in it, like a pencil case, and allows a boH n to slide easily, in 
Jiif, 1155 the bolt is down; in>lp.ll56tbe bolu, which is a piece of brass wire, is drawn 
up, and||hos the flooring of the oil is checked, In^. 1156 it will bp observed, tbht 
the bo^V kept in its place by its head c, resting in a lateral slit In the rtpe , saw » 
cannot be drawn out on account of the pin s. One end of the thread is friteow M 
the eye hole at the bottom of the bolt, and the other end is tied to a smaU wbe 
croaiea the lower orifice of the tube at d, and which is shown in plan A* Ufi7< 

The saving by this plan, instead of pouring oil into the beanngi^ls 2 dw 
of S, while tu bmngs are better oiled. ^ . 

The saving in laboor is oonriderable where there are many joints to 
tlfree or fiw times a day ; nnd the workman does not, with mi appatat^fy ^^* 
risk of being caught by the machinery. To y on the eotton or v^ormfi taiond, py 
a long thrmid through the eye-hole a of the bon, and then drair tw0 
the tube ^ a fine wire wlOi a hook to it, ode epd on pad ride of 
and #e mer end on the other riy Then pat the ehver on^ ing tk 



with oil The figures in their* 
MCIFEEHATOHm The imps 
Tomlinson In a oonmniifieetlon mid 
Sbeiety of Ana 




LVClFBfi MATOSia 


^It liM befB ntlmited,'* he shut the jMA FmbhA veteAuMuren 

of i^oiphorui at* aow pvodiiebff iiilSM of fliiNiplMvai 

per aaQiim, mhtIt the whale of wUeh k e oh a wi wll tn 

eompoonding the emnlnon for ttppmg the matehtia lh« Ownnea make 

three poaodi of nhoepbome nift( t Ihr ire or iht mllHoivi of mahrhae. If Mppdie 
fwly one half of the French aa<t Ihgllih anaha) prodiM^Qf ptephorna |a la aut* 
ployed Ml mahmg niatchec,thia win ff/m na da4iirOOOi,(MMi,(Kid of tnnIiAea aa IM mwil 
product cooicquent on the eouwinptleQ of one half ef the Fraaeh gad Bhghih phoa* 
pborui We need not aoppoiC ih» to bo aa faagfOraCfd Mntement, wkra ire ooaaidw 
the dull/ product of aoine of our match B)|mil!aSimea I hrtely bad oocaaloa to de» 
Hen lie thi proceaiea of a London ihetory, wlileh prodncei a,&<N),0(M> matnhaa daily. 
For tina pitrpoae, U t^ineb pliuika are mii up i each pbiik prodiicoa ao hloeka | oacii 
block, of the diineaaldiii of 11 UKhN long. 4) tnehta wide, and i inebea tblek, pro- 
fliiice 100 elioea, each slice 81 apUnta, each eplint s nuiKbei tbua we hafa--« 
n y to * tfH> y n y JmO, 004,000 matchee aa the day • work of a aingla ftetory in 
I ondon At Menara Dixon*s fketory near Mautbeater, from 6 000,000 to 0,000,000 
ol matohea are prodaoed dally **—Tomlnmm 
I ur the rapid mannlkctare of the wooden aplinta for Incifor matehce, a potent waa 
olitaiued by Mr Reuben Partridge, in klarch, 164S He employe a perforated 
metallic plate bating a itecl face, atrengthened by a bell metal back , aeo Jljp# 1108, 
1109 The Biao of the perforationa meat depend on that of the desired aphnli, but they 
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LUCIFER MATCHES. 


MQirqiienoei ; nor doei it npiiear that tbe third ttage, which coniiiti of meltii^ the 
•olphur end dipping the heads of the matohee in it, prodoeet mt iDConvenienee, 
The ftiurth, fifth, aixth, and seventh stages comprise the j^inding, miuleriog, and mix- 
ing of the explosive compound: the process of dipi^g the natcmes in it, the counting 
and boxing. The dipping, counting, and packing, anpear to be, according to Mr. Geist, 
the only departments in which the workpeople are in any way affected with peculiar 
complaints i we would even limit the appearance of the jaw disease to those en^ged in 
dipping I at least all that we have examined on the snlject were unanimous as to the fkct 
that dippers only were attacked. There is a certain degree of secrecy observed relative 
to the proportions of the composition : and the mixture of the materials is gene* 
rally performed by the proprietor of the fianufhetory, or by a confidential workman. 
Chlorate of potash is conMidered an essential ingredient in England ; but in the manu* 
ftctories at jfdmberg it has not been employed for a number of years, as its explosive 
pmsrties much endangered the safety of tbe buildings and the limbs of the workmen. 

The composition used in Niimberg consists of one-third of pbosphorus, of gum 
arabic (which is escliewed by English manufacturers on account of its hygrometric 
property), of water, and of colouring matter, for which either minium or rrussian blue 
IS employed. If ignition be requii^ without a flame, the quantity of phosphorus is 
diminished, or nitrate of lead is added. The mixing is conducted in a water-bath ; and 
during this process, and as long as the phosphomi is being ground or **mullered,’' 
copious fomes are evolved. The dipping is performed in the following manner ; — ^The 
melted composition is spread upon a Wrd co? ered with cloth or leather, and the work- 
man dips the two ends of the matches alternately that are fixed in the ^me ; and as 
this is done with great rapidity, the disengagement of fumes is very considerable, and 
the more liable to be iigurious, as they are evolved in a very concentrated form close 
to the foce of the workman. This department is generally left to a single workman ; 
and the average number that he can dip in an hour, supposing each ftame to hold 8,000 
matches, would be 1,000,000. 

As the matches have been dipped, they reqnire to be dried. This is generally 
done in the room in which the former process is cafried on ; and as a temperature of 
from 80^ to 90^ Fahr is necessarp, the greatest quantity of fumes is evolved at this 
stage. When the matches arc dried, the fhunes are removed from the drying room, 
aud the lucifers are now ready to be counted out into boxes. As this is done with 
great rapidity, they frequently take fire, and, although instantly extingnishod in the 
sawdost or the water which is at hand, dhe occurrence gives rise to au additional and 
frequent evolution of fomes. 

According to Dr, R. Boettger, in AnnaXtn tier Chemie und Phamaeiei voL xlvii. 
p. 334, the wst composition for lucifer matches is 


Phosphonis • • - 4 parts | Red ochre, or red lead 5 parti 

Nitre - • - - 10 „ j Smalt • - - 2 » 

Fine glue - - - 6 „ | 

Convert the glue with a little water by a gentle heat bto a smooth jelly, put It into a 
slightly warm porcelain mortar to liquefy ; rub the phosphorus down thivmgh this gela- 
tine at a temperature of about 140^ or I50<» Fahr. ; add the nitre, then tbe red powder, 
and lastly the smalt, till the whole forms a nniform paste. To mike wrl^g*pap^ 
matches, which burn with a bright flame and diffhse an agreeable odour, moisten eieh 
side of th^aper with tinctnre of benioin, dry it, cut it into slips, and smear one m 
their e^vph a little of foe above paste by means of a hair pencil. On rubbing^ 
said enn^ it is dry against a rough surface the paper will take fire^ without foe 
intervention of sulphur. 

To form Inolfer wood matches, that act without sulphur, melt in a flat-bottomed 
tin pan as mnch white wax as wUl stand one-tenth of an inch deep s take I bundle m 
wooden matches ftce from resin, rub their ends against a red-hot Iron plate till the worn 
be slightly charred ; dip them now in foe meltM wax for a inoment» shake tbemmi 
on taking focal out, and finally dip them separately in foe above viseid psite. Wbie 
dry, fo^ will kindle readily by ftiction. . 


by Bbtiger in Getmany. 
and Hay, finr foie ma^ 


A patent was obtained in this coniit^ by Mesms* 
Its peculiarity consists in foe ^vlelon or tlie ecfol 


innedieote of foe lucifer between foe matohend foeftiotion paper. 
lnc)j|»r, foe pbonberos, colnhiir, end chlorate of potefo or flltce, are att 
the nateiu wbieh ignites when rubbed againtt any rongb mfostanoe. lb tiie 9*** 
matflSm^ese materials are eo divided &t foe pheiluib^ Is pM( <fP ^ 

■•.d-p.,* tmi m^ibwAMd wMoh mo. b wtwt irlih «tili tmfWsJSi 
mtlMr aibek wir ludiplfn^ |l|^, bkb Ml 


Lum 


TlNf dompositios of loeifir mlota Twrkt m It ihn aMiMtlm of 
the materialt emplojed. lo prinolfilt they b yirow , m ve ibotv Umia 

ahoro ; mmhinf Apendi&g ou tU Ignit'Km c>f t|W|lkMi|kliD]tim iiml qC» 

lueifer matcb ii Ia tlpj^agthe matidi wnb a which aUt fgalA qviNi^YM^ 

attrition agaiast any rough iarlhoa, hat whieh it M UahU) igaitfiMi by 


i*r pboaphonii, and this ospoMnw |«odae«i a dtefta wUieh ha«* tbua daoribad to 
Mr. Ilarrifoo^ ia lb* (juuriir^ Jmtrml qf SMkrid Sifimcf ^ ** Thui dfcoini,** ho man, 

U of so insidiaat a aafura that It !• A fiA mi^poood u> be uiunoa tooUij!«il)«, and a 
inootscmiu Ammoo oiftho Jawii pradnood th«|MitkUL is 
(litiott. Theduaaie gradually oiwopi on. until the aitdcier )ire<imn a otiaMhible and 
loathsonto olduet» opvtiding the boat |im>d of hii Ufe ii< tht* warU oft publio hoapiAh 
Many patWts have died of thedttoiaa t many, tmahh u\ 4i|>on their jawt, haro Ua^rod 
wiih carious and nerrotfd bones } others have sufi«r«»d dresdfhl nutilationt ftwm 
surgical operatiooa, t ousideriug themselire% happy lo escapo with the loss of the greater 
portion of the lower Jaw.** 

lly the introduction of an amorphoM phosphorus discotered by M. Sehrdttar, which 
11 in nearly all respects unlike the ordinary phosphorus, but wbieh answers eaeced* 
tngly well for the inanufketure of lueiiVr matches, this disease is prevented, the msnu- 
faetoty is rendered more healthy, and the boxes of matches themselves less dangerous. 

Lueifer matebes are now manuflietoied without sulphur. Letchford employs pariftne 
or paraffine oil ftur saturating ibe wood, these ignite rapidly, and bum regulariy with 
little or mi smell. Notice and approbation am due to the persevering Abrts which 
have been made to produce fricrion matebsa, containing neither ordinary nor amor- 
phous phosphorua Wiedcrhold has proved that lueifer matches of good quality may 
be made with chlorate «>t potassium and hyposulphite of lead; a reanlt whieh may 
prove most valuable, should experieooc show It tu be attainable on the Indoitrinl 
scale. See Pbosphobus. 

ImportK 0 / LuHftr Makhti, 
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LIIMACUELLE, or Fire Marble. This is a dark brown shelly mnrblc, hating 
brilliant fire or ekat^nt reflertioos from within. ^8ce Minnut 

LUNAB GAU8T1C. A name for nitrate of sUter, when fosed and mn into 
cylindrioni monida. 

LUPINIKE, is a substance of n gumo^ BppeataDoe^ so named by M. Cusiolni 
because it wss obtained from Lupines.— 0. u. W. 

LUPULINE^ from JBimuhu lA^^hui is the peculiar Utter aiomatio priaeiple of 
the bop. See Bnnn. 

LUSTRING, sometimes spelled and pronounced Lotealrfaigi n peanliar Miining silk, 

LUTE (from fafMsi, clay ; Lut^ Fr.; JITitfr, BvehUgt, Gerai.) ia a nasty or imy 
matter no^oyed to okise the Joints of chemical appan^or toeoiiCbiirtarfoees,aiid 
pioteet tham from the dimet aotion of flame. Lutca differ aeooidiag to the natnre of 
the vapours which they urs destined to couflne, and the degree of heal which theynpe 
lo be enpeosd to^ 

I. Xd.eflhMidiwaMtelntoawftplHtisdmiglivilhvMW.Mi inMlialitjr 
thidttAjmwtiouof MNiHi thM p wfcmy tight, 

Iwitiw, IBIMHIy, WtiM, Md MBMaiaMt llMI a Mdmte wipM «f 

it WoM •bMjgir lOn the mMl b fcawM «iih Milk, ]ia,<ini«, w Mhi> 


PW 


t, Lorn of thick gum-wamr,lumadedwifoeby, sod ifoofliiiflhiirrilirdnflsr per* 
maosot Jnnetions, as H beeCiiiis extmaely solid* 

A By soAsaincinwotartpiooe of thidc 1m(iryi*piper, Hi flfU 

imff|inils,aiiAttMB with same poiist's cby, ^ H aemiiM ths pcoper eonoisisncim 0 
|afoHfonnsdwlM4smilwtnm%omekorseMoA ^ 







LYNX. 


90fe 

4. Lute, ooniiBting of a strong solntton of glue kneaded into a dough with new 
slaked lime, is a powerful cement* and with the addition of white of egg forms the 
lid rfasei — a composition adapted to mend broken iressels of porcelain and stone- ware. 

5. Skim-milk cheese, boiled for some time in water, and then triturated into paste 
with foesh-slaked lime, forms also a good lote. 

6. Calcined gypsum, diffused through milk, solution of glue, or starch, is a raluable 
lute in many cases. 

7. A lute made with linseed, melted eaoutchonc, and pipe-clay, incorporated into a 
smooth dough, may be kept long soft when covered in a cellar, and serves admirably 
to confine acid vapours. As it does not lurden, it may therefore be applied and taken 
off as often as wc please. 

8. Caoutchouc itself, after being melted in a spocn, may be advantageously used for 
securing joints against chlorine and acid vapours, in emergencies when nothing else 
would be effectual, or we may use 1 part of caoutchouc dissolved in two parts of hot 
linseed-oil, and worked up with pipe-clay (8 parts) into a plastic mass, it bears the 
heat at which sulphuric acid boils. 

9. The best lute for Joining crucibles invert^ into each other, is a dough made with 
a mixture of ftesh fire-clay, and ground fire-bricks, worked with water. That cement, 
if made with solution of borax, answers still better, upon some occasions, as it becomes 
a compact vitreous mass in the fire. 

LUTEOLINE, is the colouring principle of the weld (ffesedh futeofis), a slender 
plant growing to the height of about three feet, and cultivated for the use of dyers. 
When ripe it ih cut and dried. 

Ghevreul was the first to separate the htteoHne t it is extracted from the weld by 
boiling water, and when this solution is concentrated and allowed to cool, the 
luteoline separates i it is then collected, dried, and submitted to sublimation, when 
it is condensed in yellow needlea 

It is valued for its durability, and is used as a yeUow dye, on cottons principally, 
and also on silks, but is little used at present. It was formerly used by paper-hanging 
manufacturers, to form a yellow piginent, but has been entirely superseded for that 
purpose, by quercitron hark and Persian kernes. It unites with acids and alkalies, the 
former making the colour paler, and the latter heightening the colour. The compound 
which It forms with potash is of a golden colour, becoming greenish when expo^ to 
the air, by absorption of oxygen, and at length becomes r^ 

It forms yellow compounds with alum, protoohloride of tin, and acetate of lead ; 
with the salts of iron it produces a blackish grey precipitate, and with sulphate ot 
copper a greenish brown precipitate. 

It is readiW soluble in alcohol and ether, but sparingly so in water. — ^H. K. B. 

LUTIDINE, C'*R*N. A volatile nitryle base, discovered by Anderson m 
bone oiL It has also been found in shale naphtha, coal naphtha, and in crude 
chinoline. — 0. Q. W. 

LYCOPODIUM CLAVATUM. The seeds of the lycopodium ripen in Sep- 
tember. They are employed, on account of their great oombustibilityt iu theatres to 
imitate the sadden fiash of lightning, by throwing a quantity of them firam a powder 
puff, or bellows, across the fisme of a candle. 

LYDIAN STONE, Touekeione, or Baeamte* A fiiniy variety of jssper^ us^ on 
account of its hardness, fine texture, and velvet black colour, for trying the purity of 
the preoioM metals. The amount of alloy is indicated by the colour lot on the Stone 
after thq|p|al has been rubbed across it. 

LYNX^An animal producing a fiivourite ftir of a greyish white, with dirk spots. 


KKD or THE SECOND VOLUIIE. 


vmlked 


vatxeai) bt sBOvetswoona xvb oo, 



BRAliJMhK 

oierioNARY OF tomiof, umiATiifii, ai# art. 

w#v .•ww wv 

Now ooaplatob u turn Vmna»f Mllain 8ro jmae lb. omA, 

THE DIOTIONAKY 

SCIENCE, LITERATUBE, AND AET; 

OOURRIRINO 

rui MflMlTlOWI Airo OBRlTAtlOMR Of 40llll«tiriQ TBIMR IB OBMilAli tfiB» 
TOOBTIItB Wmi THB BIRfOBT AflD OBWBIfriOlIf Of TKB 
■CIBBTITIO rRIBOiriBI Of BBABI.T BTBIlY BBARCH Of BVMAM BNOWUBOB. 


VOTTBTH VBllXOK, Bf-OOViniVOTlD AVD BB-IDITV) BX 

W. T. BRANDS, D.O.L. F.R.S0L. & E. 

Xote qf Af jroMr^ MkUi 


REV. GEORGE W. COX, M.A. 

qr3yte4f 0^^ 

ABBimO BT OOBVBIBVTOU Of BIlIBBMT SOtSIITIftO ABD bITBlABT ATTAIBIIBIftt. 


T ns promiB of icienoe ind ^onl knowledge dunag the twiaiy-foiir jmn wbSoh 
hero MBpeed Binoo tlie pobiioBtion of Uie first edition of The Diotionery of Boieooef 
Intereture^ eod Art, boB made it impreetioeble any )oi^ to vender Ihet work a fit 
repreeeatitiTe of eueting kaowledny by more oometwne and lupplemente It hai, 
thevefovB^ been oonBiderM adTieable to re-wnte or re-edit tt tluwu|hoiil;» end tbai 
to make it ea entirely new work. It wee the onginel plan of the flatter to eaeooiete 
with blmeelf wnten of admitted oompetence in the TanoBB Buldeote tioated of m ibe 
woik, and the Bame Bvetem bee been followed m the new edition now in eontie of 
pnbboetum. It u belMTed tliet the nemee of the gentlemen who hare oontnboted to 
thie new edition form a suflioient gnaiwntee that the Kditore’ efibrte to rente thia 
work a troitwortby eouroe of mformation have m no wiy iela»d, and that the book 
may therefore be conmilted with oonfidenoe by ell who wieh to meke themeilTia 
aeqnaiiited with the pmciplee of eeeh pertienlar Beienoe^ with the deteile and hi»t(0i7 
of many, and with the mem iiiete of m mnlti&noBe entgeote with whiob it u neeat* 
aaiy, at the preBent day, for all inUlbgent pmeone to hafie eome aefineiiitiaoe. 

The plan of the foniib edition difere abgbtiy firom that of tho foemar onaii bnt It 
it mora in aoooidaiioe with the idea on wmeb the DfeBtionarr wae otigfaiaDy plumedi 
and whieh wae espvaeaed m the name at fivat daiignad for tha work* The inteotion 
of the Editor wee to oell it a 'Biotionary of Soiantifio Xenni,' and to Itndt lie eon* 
tente to a bnef eaplaaalion of an enhaoitife bet of fieientifie wofdai bntalUrttitm 
ooneiteetion it wee thonght denreble, in eenying the date into a M ien tto i L tohte 
te nnater of worde InalnM in the IMotioneiy , and by coteidiiiw te langMi «f ngpi 
tfonteaetielaetonmlmfoaiiadabfobookffntheriihniattare work oftifimanaa* In 

elmraoter of te wm^ ta diniiite tba entreom laaith of aonm of te iiftielan and to 
inewaaotbafonnmbari to tho tolil quantity of mate eonfoM 

fooonildanteinereiiadw It bee been fonnd Ihii^ in mmiy Himnebei of tehnan find 

iipaeial^ktehamitifl^ Phyawa, teik«y» Ittenddfiy, thooSlion 
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ofiertti jUfm oommon aiei which are requieiic for aiudcnts and ooUisotore* some- 
what SnPR the utility of the work. A large number of new articles hare therefore 
boei|.ad»di4n the present edition, and the whole has been brought, as closely as 
poerible, njl to the present time. Jt is not pretended, and indeed it would be inr- 
possible, to inulude all the terms employed in anjy branoh of soienee, but it is believed 
that the omiseions are few and unimportant, and tliat, praetioally, a sufllcient number 
are inolnded to meet the requirements of the general reader and the non^rofessional 
student. The progress of historical criticism, and of the Sciences of Comparatiro 
Philology and Mythology, has rendered itr necessary to re-wnte the articles which 
treated of those subjects, and to add many new ones. In assigning derivations, the 
Bditors have sought ohie^ to avoid guess-work ; but tlio principles which liave 
guided them in this part of their task are given in detail in the general preface to the 
work. 

A larger and more legible type has been adopted than that of the previous editions; 
but although tlie size of tho work has been thereby, and by the largo accretion of new 
matter, extended to throe volumes, the price is. i^t iueroased. 
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